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FlyFit: Exploring Abstractness in Visualisations for Fitness tracking data
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Abstract
Visualisations are frequently used within personal informatics systems, including
fitness tracking tools. The purpose of tracking tools is to help users change their
behaviour, but they are often unable to engage and support users. This often leads
to abandonment of the tool and the behaviour remains unchanged. Not properly
maintaining all elements of well-being, where physical well-being is included, results
in a decline in one’s quality of life which is why it is important that tools are helpful
to users.

This thesis explores visualisations with three different levels of abstraction with
reflection and engagement as the focus. The three levels include a classic bar chart
as well as two abstract visualisations, designed during this project. A survey (n =
222) was used to evaluate the visualisations. A mobile application called FlyFit with
the visualisations included was then developed and used in follow-up interviews (n
= 9) to gain a deeper understanding and explore the intended context.

I found that low levels of abstraction offered a better potential for reflection while no
significant difference was found regarding engagement. My contribution is insights
into the use of abstraction in personal informatics together with suggestions for
future work within the field, such as exploring the use of multiple visualisations
together, customisation, and different shapes of abstract representations.

Keywords: Interaction Design, Personal Informatics, Fitness Tracking, Visualisa-
tions, Abstractness, Mobile Application.
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1
Introduction

Self-tracking, or personal informatics, is now part of our everyday life [73]. A large
variety of areas are being tracked with trackers having different goals, motivations,
and intensity of reviewing their tracking [33, 73]. The most commonly tracked area is
physical activity [31], as a way to obtain a healthier lifestyle and change behaviours.
However, trackers face many everyday challenges with tracking such as abandon-
ment, lapsing, integrating tracking with everyday life, and making sense of data
[31]. One way to assist the user in making sense of data is by using visualisations.

Vision exceeds all the other senses when it comes to humans acquiring information
[100]. When presented well, visualisations aid the understanding of data to a great
extent. To fully utilize this, the most appropriate visualisation should be used to
represent the data. This is currently not always the case, and individual areas
should be studied to determine the most useful data visualisation to support users
and evoke desirable emotional responses. Previous work has shown that how data
is visualised indeed has an impact on this. For example, when visualising unmet
fitness tracking goals, rumination is more triggered in multicoloured charts while
reflection more often occurs as a result of bar graphs [74].

Reflection is highly important within personal informatics. This is because be-
haviour change is the most common reason for starting to self-track [33] and be-
cause reflection is a key element in initiating the slow change that is necessary for
a behaviour to change [91]. This makes it even more important to design personal
informatics systems that support reflection rather than undesirable emotions such
as frustration and confusion, yet many tools today seem to bring out the latter
[64]. Not only that, abandonment of tracking tools is a widespread issue because of
their inability to support and engage users, as well as numerous other design issues
[23, 40, 43, 73].

Many studies have attempted to tackle the issues with current tracking tools. For ex-
ample, by comparing several different visualisation techniques [30, 96], by including
contextual information about factors that affect physical activity [59], by exploring
abstract visualisation [21, 34], and by nudging people towards a specific behaviour
on an unconscious level [85]. Although many valuable insights have been discovered
through the studies conducted within personal informatics and visualisations, there
are still research gaps in the field that need to be addressed to better understand
the users and their needs.
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1. Introduction

In this thesis, the focus is to study the use of visualisations within personal infor-
matics. A concrete visualisation (such as bar charts, line charts, and other standard
visualisations typically found in tracking tools) will be compared against abstract
visualisations of the same data. These visualisations will be designed and evaluated
through two studies, the first being an online survey. Based on the results, inter-
views will be held which will focus on the use of the visualisations in the intended
context. A mobile application will be developed as a means to explore the visualisa-
tions during the interviews. From the two studies, I determine that abstractness has
an effect on reflection and that different abstraction levels are perceived differently
in terms of interpretation, motivation, and appeal.

1.1 Research Problem
Self-tracking generates personal data. Presenting personal data in large quantities
in a way that is easily understood by consumers is challenging, as shown by previous
research [10]. Because personal data are used in a personal context, the unique re-
quirements and characteristics must be considered when designing for it [48]. There
is no consensus within the field of personal informatics on how visualisations for
self-tracked data should be designed.

Using visualisations unfit for a specific context is unsupportive and instead frustrates
the user. Most visualisations are ineffective for a specific type of data or purpose,
which makes validating a design’s effectiveness both difficult and necessary [72].
Additionally, humans can be tricked into seeing patterns not actually present in a
visualisation, and visualisations must thus be designed with care [95].

Whether abstract or concrete representations are the best option is unclear. An
apparent divide can be seen from previous research, where both options have ad-
vantages and disadvantages. On one hand, abstract representations can increase
privacy, possibly increase the opportunities for reflection, be pleasant to look at,
and in some cases create an emotional response. On the other hand, they can also
be confusing, create a disconnection with the user, and decrease the possibility for
users to spot trends. Concrete representations can help users find specific informa-
tion and trends, aid the identification of aspects that affects the user’s behaviour,
they are flexible and people are often comfortable understanding them. However,
the low levels of graphical literacy frequent within the general population affect how
well graphs can be understood by the average users. They can also be perceived as
boring and lack the ability to motivate users. In addition, with current tools (where
concrete representations are frequently used) unable to engage users in the long run,
the need for visualisation techniques to be reviewed becomes apparent.

Furthermore, abstractness can be viewed on a spectrum and appear in different
manners. Previous work has used different levels of abstractness [12] as well as
different kinds of abstractness [46]. Since it is clear that concrete and abstract
representations come with both advantages and disadvantages, a visualisation that
has aspects of both techniques might prove to be valuable.
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1. Introduction

1.1.1 Research Question
As current personal informatics tools have design issues that lead to user disengage-
ment, and because designing effective visualisations fitting for a specific purpose is
a complex task, the use of different visualisations types for self-tracking data will
be studied further. With that said, the research question that will be explored
throughout the work of this thesis is:

How does abstractness affect self-reflection and engagement in visualisations of
physical activity data within the context of personal informatics?

1.2 Aim
This thesis aims to explore visualisations in the context of personal informatics.
This will be done by focusing on different levels of abstractness in visualisations of
physical activity data. The abstraction levels will be compared against each other
and evaluated based on factors important for personal informatics tools and their
users. A simple mobile application will also be designed and implemented to use for
evaluating the visualisations in a situation resembling the intended context.

The research conducted at the start of the thesis work will be used as a base for the
design and implementation parts, where the resulting prototypes ultimately will be
used as tools for the evaluation that aims to tackle the research question. The goal
is to provide more insight into what can be considered appropriate choices when
using visualisations within personal informatics. This could also potentially inspire
similar work to be done in other areas, as the importance of how different visuals
affect users becomes apparent.

1.3 Stakeholders
This project’s primary stakeholders are presented below. All of the user groups
presented should be considered in the context of tracking applications as well as the
use and creation of those.

Users: Users, also known in this context as trackers, are the ones using the applica-
tions where visualisations of personal data are presented. This group would benefit
from the research conducted in this thesis since the abandonment of tracking appli-
cations are so widespread due to design issues, and this thesis aims to study that
aspect further.

Product Owners: Quitting to track or switching between tracking tools are fre-
quent occurrences for self-trackers [33], and a common reason for switching tools
is that the users found another they believed was "better". This could be in terms
of features, ease of use, accuracy, or something else. Comparing different tools also
occurs with trackers who wish to change their behaviour. By creating an application
that supports users well, it might be possible to keep users who otherwise would
have switched to another tool.
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1. Introduction

Designers: User research, which is to understand and study people’s activities,
goals, and the contexts where technology might be useful, usually occurs in the
design process of a UX designer [13]. The more research that is contributed to the
area of user experience and interaction design, the easier it might be for the designer
to discard certain ideas at an early stage if previous research has already shown that
there is a better alternative.

Personal Informatics field: The field of personal informatics naturally benefits
from research done on important subjects within the field. The aim of this thesis
is to contribute with more knowledge on different types of visualisations used for
fitness tracking data, which will hopefully be valuable for future research.

Chalmers University of Technology: An institution offering education and con-
ducting research with sustainability in mind. The university will be responsible for
publishing the finished thesis and will be acknowledged for the academic outcome.

1.4 Project Plan
The plan for the project was to have the activities divided into five phases. The
first four phases follow the process that will be presented in Chapter 3, Method,
with an additional phase to complete mandatory activities. The five phases are;
Background, Design, Implementation, Evaluation, and Finalize. Each phase was
planned to have around four weeks dedicated to it. Thesis writing was the only
planned activity to expand across all phases.

Background: Phase 1 focused on doing the groundwork necessary to be able to
conduct the practical work of the thesis in a proper and educated manner. The
activities for the first phase were:

• Create work plan: Plan how the work of the thesis should be carried out during
the course of 20 weeks. Setting some main deadlines as a way to make sure
the work was proceeding as planned.

• Conduct literature studies: Review relevant literature, including the research
area, related work, and concepts that could be helpful for the project. Studying
the literature helped guide the work and provided valuable knowledge that
could be utilized in upcoming phases.

• Review tools for implementation: Since the implementation phase involves
implementing the prototype using a programming language and a framework,
it was important to review documentations of those tools to facilitate the
process. This activity included reviewing guidelines and components that
support best practices.

• Work on planning report: Since the planning report had to be done around
four weeks after the start of the thesis, it had to be considered during this
phase as well. Incidentally, the other activities in this phase contributed to
the planning report.

4



1. Introduction

Design: The focus of Phase 2 was to develop the abstract visualisations and design
the application. During this phase, the activities were:

• Ideate: Based on the knowledge acquired during the literature studies, several
design ideas were generated. Methods, such as brainwriting, were used during
this activity.

• Sketching: Both to create design alternative designs and the first low-fidelity
prototype, sketching was used. The sketching was partly combined with
ideation since new ideas were developed during the process.

• Prototyping: This activity refers to the final prototype of higher fidelity that
was used as a guide when implementing the application. It was created as a
digital prototype using Figma, and colours, placements, and text were more
refined than previous prototypes.

Implementation: Phase 3 focused on the software development aspect of the thesis.
The activities for the third phase were:

• Write code: Implementing the application required writing the code behind
it. This was done using Dart as the programming language and Flutter as the
framework.

• Create visuals: Alongside writing the code, the visuals used to visualise the
data were created. This was done in Clip Studio Paint.

• Test code: Before the application could be used in a study, the code had to be
tested. Errors in the code could affect the upcoming evaluation and had to be
avoided.

Evaluation: The focus of Phase 4 was to evaluate the designed visualisations as
well as the implemented application featuring them. During this phase, the activities
were:

• Prepare studies: Before the studies could be conducted, some materials needed
to be prepared such as a survey, interview questions, etc.

• Run studies: The studies were run separately and the results from the first
were used to guide the second study.

• Analyse and report results: The last part of the evaluation phase was to analyse
and report the results. This was done as soon as enough participants had
participated in the studies.

Finalize: Phase 5 focused on finalising the thesis and project work, as well as
conducting the other mandatory activities. The activities for the fifth and final
phase were:

• Participate in 2 presentations: As per the requirements, time was dedicated
to participating in two presentations. No preparations were necessary for this.

5



1. Introduction

• Opposition: Reading the other’s report and writing feedback was required for
the opposition to be completed.

• Prepare and conduct presentation: A presentation of the thesis project was
prepared, practised, and presented. The feedback received was then integrated
into the report afterwards.

• Thesis writing: Writing the report took place during the whole thesis work.
This was of course because writing soon after the activities had been con-
ducted was more effortless as the activity and outcome were more clear in
one’s memory. In addition, it allowed for more refinement as the oldest parts
could be rewritten several times over.

6



2
Related Work

This chapter introduces relevant related work from the field. The information will
initially be about general theories such as interaction design and design principles.
After that, the research area will be presented: personal informatics with a focus on
goals and reflection, visualisations with a deeper look at the personal context and
different visualisation options, and emotional design. Lastly, the implementation
domain and some challenges with it will be highlighted.

2.1 Interaction Design
A way to describe interaction design is to describe it as a dialogue between a product
and a person [55]. Since the dialogue occurs over time, it is difficult to structure
and it requires an understanding of human behaviour. Another way to describe the
concept is that it is the process of creating and deciding use-oriented qualities such
as aesthetic, structural, and functional aspects of a digital product [64]. It is about
designing interactive products, and these products should support people’s everyday
communication and interaction [81].

Despite the purpose of many products being for users to interact with them, many
everyday artifacts don’t appear to have been designed with the user in mind [81].
Even though interaction design principles have been around for decades, the same
errors occur repeatedly [25]. Products that should be effortless and enjoyable instead
create frustration and annoyance, as if there are limitations or a lack of knowledge
within the field [64].

Indeed, interaction design is a difficult and complex task, and one challenging aspect
is that digital artefacts are concerned [64]. Since digital products are constantly
evolving, there is hardly any time for reflection. Just take the revolutionary device
released in 2007 as an example, the iPhone. In the 16 years since its initial release,
16 generations, and 38 models have been produced [49].

Usability is often used to evaluate interaction design [55]. To break it down even fur-
ther, usability can be measured through six usability goals; Effectiveness, Efficiency,
Safety, Utility, Learnability, and Memorability [81]. Others suggest that usability
should cover effectiveness, efficiency, and satisfaction [14]. Evaluating the usability
of a product can be done during many stages of the design process, and by doing
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so, design problems can be discovered early.

As previously mentioned, efficiency is often used to evaluate artefacts within inter-
action design. However, as technology evolves, new ways of using it emerge. For
example, reflection is an important element of behaviour change (two aspects that
will be described further below), and these are things that take time. Current in-
teraction design practices are not fit for products with these kinds of aims, and a
design agenda known as Slow Technology has emerged as a result of it [45].

By developing slow technology, where the focus should be on the slowness of appear-
ance and presence as well as aesthetics of materials and simplicity [45], Slow change
can occur [91]. Changing is difficult, and the designer shares the responsibility of
the change process with the user. Designers framing change as a simple process
risks feeding users with unrealistic expectations, which often results in users giving
up. Some design themes to think about when designing systems to nudge people
in taking the first step towards change are; designing a system that can change
as users, motivations, and needs inevitably change, using realistic and achievable
goals, accommodate for slip-ups that often happen, and finding ways to motivate
consistency.

2.1.1 Design Principles
Several design principles within interaction design should be used as guidelines when
designing a product. These principles encourage designs that create positive expe-
riences and support users’ goals and needs. In addition, they help translate require-
ments into interface behaviours and structures during the design process. Cooper
[25] divides the principles into three categories; Conceptual, Interface-level, and
Behavioural Principles.

• Conceptual Principles: These principles help define the way digital products
should be and their structural fit in the context of user requirements. Some
examples are reducing work, digital etiquette, platform, flow, and eliminating
excise.

• Interface-level Principles: Effective strategies for navigation, organization, and
communication of information and behaviour are described by these principles.
Dialogues and controls are some examples, but there are also different princi-
ples when designing for web, mobile, desktop, and other devices.

• Behavioural Principles: Principles describing the behaviour of a product, both
in specific and general contexts, fit into this category. Examples of this are
informing decisions, preventing errors, and visual design.

Sharp et al. [81] further describe design principles as having evolved from experience,
common sense, and theory-based knowledge. The authors list a few of the most
common principles; Visibility (functions should be visible), Feedback (let users know
when an action has been accomplished), Constraints (restricting user interaction at
given moments to avoid mistakes), Consistency (similar tasks should have a similar
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design), and Affordance (objects should give clues how to interact with them). On
the other side, applying several design principles can be a challenge as some of them
can be in conflict with each other, which will lead to the designer having to make a
trade-off.

2.2 Personal Informatics
Following the rise of technology, the frequency with which a user can track his
behaviour has reached further than ever seen before. For centuries, self-tracking has
been done using only pen and paper [73], but now because of sensors in our mobile
phones, the tracking can begin before we even decide we want to start tracking.

Personal informatics can be defined as collecting and reflecting on personal data as
a means to understand one’s behaviour better [58]. The core aspects of personal
informatics are collection and reflection, and by collecting relevant personal data,
the user can develop insightful reflections [57]. One personal informatics model
frequently used within the field is the five-stage model; Preparation, Collection,
Integration, Reflection, and Action [57]. Personal informatics is also commonly
referred to as self-tracking.

People often start to self-track to change behaviours by monitoring them [33, 81].
Trackers are encouraged to change their behaviours through graphs displayed based
on their data. By self-tracking, trackers can both gain insights into their behaviours
and increase their motivation for changing [33]. Although behaviour change is the
most common reason for starting to track, curiosity, self-understanding, and simply
having a particular behaviour recorded are frequent reasons as well.

Research has shown that many personal informatics tools are unable to engage the
users, which could be a factor as to why early abandonment is so widespread [73].
Forgetting to use a tracking tool or because the upkeep is tedious are some reasons for
lapsing, and repeated lapsing often results in the user quitting to track [33]. There
are also several design issues that hamper long-term engagement. A few examples
are that the system goals don’t match the user goal, that people achieves or changes
their goals over time, and that information is difficult to interpret or access [43]. In
addition, to develop effective personal informatics systems, there are a few design
considerations to take into account; systems should be viewed as a whole as barriers
transfer to upcoming stages, tools should be flexible in terms of data collection,
tools should have a mix of user-driven and system-driven approaches to be effective
and enjoyable, and multifaceted systems might provide valuable insights and should
therefor be explored [57].

How users interact with their tracking devices can generally be divided into glances
and engage sessions. Glances are quick looks at the data while engage sessions
are longer where the users reflect on the feedback. A 10-month study of an activity
tracker showed that the majority of the interactions were glance, which also increased
significantly over time [40]. Engage sessions were most common in times when goals
had not been achieved, and over time these sessions became less frequent. This
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study also showed, as previously mentioned, the issue with long-term engagement.
Only 14 % of the participants used the application for longer than two weeks, and
by the end of the study, all participants had stopped using it.

Even though there exist many tracking tools already, it is obvious that they are not
optimal or even desirable to users when it comes to design and functionality. This
is shown by how many dedicated self-trackers, also known as Q-selfers (quantified
selfers, the term used for self-trackers within the quantified self movement), have
built their own tools and designed unique visualisations [20]. Some reasons for
doing so are; existing tools do not support their needs, to centralize their tracking
otherwise spread out on different applications, and because most commercial tools
do not support both tracking and exploring data with a single tool.

2.2.1 Reflection for Changing Behaviours
One aspect of designing personal informatics systems is to decide whether to make
the system more reflective or persuasive [70]. Reflective systems help users with
reflection and self-regulation in their journey towards achieving self-chosen goals,
while persuasive systems push people to behave in a certain way, using prescribed
goals to achieve a quick change [80]. Designing a system that supports reflection
should display data in a neutral way.

Reflection has an important role in the process of changing behaviours [58]. By
gaining valuable insights, people can reconsider their choices which opens the way
to possibly changing a particular behaviour [80]. Within personal informatics, users
often reflect on their health status and lifestyle choices [2]. The ability to reflect
on one’s data and the value of it is affected by what data is collected [58]. Many
trackers believe that in order to fully reflect on one’s performance, more than one
type of data must be tracked despite having one primary data type as the main
interest [2].

Depending on in which phase of self-tracking the user is currently in, which type of
feedback is provided by the tool, and at what time the feedback is received, different
types of reflections can be done [19]. Reflection-in-action occurs when the activity
is being performed, and reflection-on-action occurs after an activity has been per-
formed [80]. While reflection-in-action is done through real-time feedback, allowing
the reflection to happen at the right time, reflection-on-action is done through aggre-
gated feedback and can thus provide connections and long-term patterns in addition
to the raw information. A challenge with reflection-in-action is to design tools in
a way that supports users without interrupting, and a challenge with reflection-
on-action is how to represent data from a particular activity. Typical reasons for
wanting to reflect-in-action is to be able to take immediate actions towards reaching
one’s goal, for example, change route, adjust the activity pace, or switch activity
[2].
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2.2.2 Goals in Personal Informatics
When trackers reflect on their data, the insights people might be interested in can be
divided into six categories; Single Value, Multiple Values, Goal-Based, Comparison
(Single), Comparison (Multiple), and Motivational [2]. Another study also mentions
goals as one of the questions people usually have about their personal information
[58]. Different types of data are needed for different purposes, questions, and in-
sights, which in turn affects how a tracking tool should be designed to support these
needs.

Goal-driven motivations are one of the main reasons for tracking fitness data [2],
and people having a goal in mind is also often the motivation for starting to track
other areas as well [33]. Over time, goals evolve with the user [58, 75] which requires
tools to be designed so they can support long-term usage as well as transitioning
between goals [33].

Specific goals motivate people to do better than when presented with do-your-best
goals, as the latter is ambiguous and allows the acceptable performance level to be of
a wider range [62]. The motivation to act is a combination of anticipated satisfaction,
believing rewards will be the result of performance, and believing effort will give rise
to the necessary performance that will lead to obtaining the rewards. Goals affect
performance, and the goal-performance relationship becomes the strongest following
commitment. For people to commit to a goal, the outcome of the goal must be of
importance, thus achieving the goal becomes meaningful, and people must believe
that it is possible to achieve the goal.

Summary feedback, revealing the progress towards the goal, is necessary for goals
to be effective [62]. Not knowing the current progress makes adjusting the level of
effort difficult. In addition, people tend to increase their effort when finding out
they are below the target. It is also common for physical activity trackers to check
their data immediately following the collection of it [57], for awareness, to know
their current status, and for correcting their behaviour towards reaching the goal
[58, 86].

The process of setting goals usually includes a self-assessment and making sure the
goal is Specific, Measurable, Achievable, Relevant, and Time-bound (SMART). It is
also important to measure the process toward the goal regularly. Several methods
for goal-setting can be used, including self-set, assigned (by for example a fitness
expert, medical expert, or national recommendations), participatory (working with
someone to set a goal), or guided (receiving multiple options to choose from), where
the last two could also be done with a fitness expert or a medical expert [22]. A study
regarding goal-setting showed that participants preferred self-set goals and working
with a fitness expert, through participatory or guided goal-setting. Assigned goals
were not appealing to most participants as those do not take objectives, constraints,
and individual abilities into consideration.
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2.3 Visualisation
Techniques to communicate a message through diagrams, images, or animations are
known as visualisations. Graphs, maps, road signs, and tables of figures are just a
few examples, and they are used to assist humans in making sense of stuff. Humans
have limitations in their internal cognition and memory [72]. By using visualisations,
so-called external representations, the perceptual system can be utilized while the
usage of internal cognition and memory can be offloaded. To be useful, visualisations
must be presented in a way so that people who use them can understand them [81].
It is necessary to understand the context and how something is represented to draw
meaning from data.

A powerful way to facilitate self-reflection and to support users in revealing mean-
ingful insights is data exploration through visualisations [19]. But before any insight
can be derived from data, it must be understandable, interpretable, and accessible
[48]. Already at small scales, data representations can be misleading. For example,
truncated scales on axes can be enough to confuse the person trying to interpret the
data [81]. Other common and misleading visualisation practices within the scientific
world are axes starting above zero, unnecessary 3D usage, and a lack of uncertainty
information [95]. Consider the bars presented in Figure 2.1. One tool appears to be
twice as good as the other, while in reality, the difference is only a few per cent.

Figure 2.1: Here I have created a bar chart showing how visualisations can be
misleading.

The result of a number of design workshop sessions, where professional designers
were asked to design glanceable interface visualisations for small screens to aid in
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the understanding of physical activity data, showed that the designers preferred
clean designs with minimal text use [2]. This was achieved by using icons instead of
labels, using maximal space available, and using familiar visualisations such as bar
and doughnut charts.

2.3.1 Personal Context
Data generated from self-tracking is called personal data. It is constantly changing as
new data is generated, and the way people engage with it has yet to be fully explored
[65]. Aspects such as how the data becomes meaningful, how it loses meaning, and
how it can provide reassurance, comfort, disappointment, or frustration all add to
the complexity.

Many publications within personal informatics have discussed the challenges in mak-
ing sense of personal data [31], and one of those challenges is the personal context
[48]. Because of the personal context, new challenges appear as compared to when
visualisations are used in a professional context. Thus, there is a need for visual-
isation and interaction techniques to be reviewed in order to have success in the
personal context. One challenge is the inexperience and limited literacy people may
have with visualisations, compared to professionals who usually are well accustomed
to the use. To accommodate this, there have been instances where different visual-
isations have been used to represent the same data [81], depending on the intended
consumer, such as the general public or experts.

Whether a person is a novice or an expert user in regards to visualisations is not the
only user profile aspect that influences what kind of representation is most useful.
For example, designs should align with a person’s previous experience with tracking
as well as the perspective the person has on tracking [32]. A user who has tracked
for a long time, and thus has more data collected, is likely to prefer visualisations
that show their long-term trend [32] and where they can look for patterns over time
[58]. On the other hand, short-term trackers often prefer visualisations that show
their day-to-day use [32], and in some cases seem to be uninterested in historic data
all together [40, 86].

2.3.2 Concrete Visualisations
A study showed that people generally prefer tables and graphs when presented with
their activity data [30]. These types of visualisations were most useful when partic-
ipants wanted to find patterns and identify aspects that influenced their behaviour.
Line and bar charts, which are examples of graphs, are common visualisations in
many areas [2]. They are often used to represent trends and historical data. Be-
cause they are standard representations, many people are comfortable interpreting,
reading, and understanding them. These types of visualisations have also frequently
been used in studies about personal informatics [59, 74, 96], and when Q-Selfers
want to convey data-driven insights during conferences [18, 20].

Other popular options within information graphics are pie and doughnut charts [52,
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59]. Despite that, the visualisation community generally recommends against their
use [93]. Radial bar charts have been used and compared against bar charts, and the
results showed that the former performed worse in terms of supporting reflection [74].
In addition, radial bar charts can be challenging for users to understand because the
user has to compare circles with different areas and radiuses, which can be difficult
and confusing [93].

The advantages of graphs are that they are useful in helping people understand
patterns [23]. Because of the diversity of graphs available, a compact visualisation
can be created to communicate extensive information. Graphs are a flexible form
of displaying self-tracked feedback where the possibility to make them interactive
greatly contributes to this. A disadvantage of using graphs is the low levels of
graphical literacy that exist within the general population, with a large part of the
population already having difficulties with basic numerical concepts. This leaves
questions regarding how effective graphs are for the general population in terms of
being the main form of tracking feedback.

2.3.3 Abstract Visualisations
Ambiguous, ambient, and abstract visualisations are used in many tools to encourage
reflection, as a way to involve users in a sense-making process that is open-ended
[80]. These types of visualisations have also been used in several studies, and one
study used flowers as a metaphor [21], where the goal was to use the aesthetic
representations of physical activity data to encourage behaviour change. The result
showed that the glanceable interface kept users active, while the test group who
did not have it significantly dropped their level of physical activity. Another study
used informative art [34] in a public setting where the goal was not for the display
to change behaviours. Instead, people’s experience with it was the main interest.
The study showed that charts were more effective for specific information while the
participants found abstract visualisations more appealing when simply glancing at
the display.

Another study relevant to this thesis is one where the classic bar chart was compared
to a Virtual Pet (abstract) and a Circular Ringmap visualisation [96]. The three
visualisations were evaluated based on task performance and the experience reported
by participants. Results showed no difference between the visualisations in time
spent on tasks, however, the Virtual Pet sparked an emotional response while the
bar chart was better in terms of readability and awareness. The Circular Ringmap
was deemed unhelpful.

Several design strategies for technologies intended to change behaviours have been
identified [24], and one of those strategies is to use abstractions. According to the
authors, data abstractions are more effective in encouraging users to reflect on their
behaviour compared to displaying raw data. By using abstract representations,
privacy is increased which allows the user to engage with the representation in
various situations, increasing the opportunity for reflection. On the other hand,
the majority of participants from one study believed that the excess of abstract
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representations used in commercial tools are unhelpful [83]. Many of them preferred
more concrete representations in which they could recognize themselves.

Creating engaging and motivating abstract visualisations is a challenge in itself.
When working with a metaphor representation, proper variations of the visualisation
is needed or there is a risk of users getting bored quickly [41]. In addition, depending
on the user profile, vague information may not always be the best option. As
tracking often is associated with exact numbers, users may expect the feedback to
be presented accordingly. Lastly, if there is not a clear connection between the
tracked data and the metaphor representation, it might not be as successful and the
design decision might appear to be arbitrary.

The main effects evoked from users from the use of ambiguity can be categorized as;
curiosity, social engagement, play, immersion, awareness, understanding, reflection,
and creativity [46]. Relevant for this thesis is reflection, and in several studies,
participants have been reflective following interaction with an ambiguous design [60],
including cases where well-being has been the focus [76, 77]. However, there have
also been studies where the aim was to evoke reflection using ambiguous designs, but
failed to do so and instead evoked confusion and frustration [46]. With that said,
to what extent ambiguity and abstract representations can be useful for reflection
within personal informatics is still unsure.

2.4 Emotional Design
Designing products that can evoke specific emotional responses, and how to use emo-
tive feedback to change behaviour, are both aspects of the area known as Emotional
Design [81]. Emotions are divided into two types; Automatic emotions, which are
short-lived and simple, and Conscious emotions, which are long-lived and complex.
By understanding the way emotions work, automatic or conscious emotions can be
triggered depending on how the user experience is designed.

Three different installations were used in a study to find out if it was possible to
change behaviours or encourage specific ones [85]. When choosing between taking
the stairs or the elevator, a significant amount of people changed their behaviour
following the instalment of the ambient displays. Even though a majority of people
reported that they had not changed their behaviour, the logged data showing the ac-
tual behaviour suggest that the displays may have affected people at an unconscious
level.

2.5 Mobile Applications
Mobile devices, with their sensing capabilities and high-resolution display screens,
are powerful tools for personal informatics and for managing health in everyday
life [23]. Yet 74 % of health applications are abandoned within 10 uses, where
insufficient usability and design are key factors for the abandonment. Evidently,
there is a need for design consideration when attempting to design effective mobile
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wellness systems.

Besides the considerations necessary when designing specifically for a mobile well-
ness application, some aspects need to be considered when designing for a mobile
application in general. Some of those aspects include input method, screen size, and
use context [25]. Buttons must have a large enough "hit area" to avoid mistakes,
and navigation through content must be contemplated due to the constraints of the
screen size [81]. Mobile application development also shares similar issues with the
development of embedded applications (software for specific functions permanently
inside a device, for example, a microwave). Some of those issues are performance,
security, and storage limitations [101].

2.5.1 Material Design
With the purpose of supporting best practices of interface design, Material Design is
an adaptable system consisting of components, tools, and guidelines that support the
process of interface development [39]. It is built by Google developers and designers,
and it includes User Experience guidance for both mobile phone applications and
the web.

With Material Design, adaptive, expressive, and personal experiences can quickly
be built. In addition, one foundational design value is accessibility by default, as
understanding the range of human experiences can reduce costly redesigns and de-
sign debt. The accessibility standards included in the components are designed to
assist the development of products with inclusive design. Some examples of available
components are Buttons, Cards, Dialogs, Lists, and Navigation bars.

16



3
Method

Löwgren and Stolterman [64] believe that the design process is too diverse and
complex to generally describe, and that to be a thoughtful designer, one must remain
critical towards design process descriptions. Rather than completely adopting a
design process, a designer should appropriate aspects based on an understanding of
design and by using reflective thinking.

With that said, the design process for this project will be inspired by the model
presented by Sharp et al. [81]. The authors describe the interaction design process
in terms of four activities; Discovering Requirements, Designing Alternatives, Pro-
totyping, and Evaluating. Ultimately, this model is based on parts of the Double
Diamond process [26].

The reasons for choosing this methodology as inspiration are that it fits fairly well
with the product that will be developed during this thesis, it is created for inter-
action design, and a simple process model is adequate when only a few designers
are involved [81]. Other models such as the Double Diamond process [26] and the
Design Thinking process [35] were considered but discarded because of some of the
mentioned reasons. Nevertheless, the chosen model will not be followed rigorously
and adjustments have been made to fit the work of this thesis where the domain is
HCI. The design process for this thesis will be divided into four phases; Background,
Design, Implementation, and Evaluation.

3.1 Background
Known as "Discovering Requirements" in the model by Sharp et al. [81], this phase
will be about understanding the user and how the interactive product could pro-
vide support. Proper literature research will be conducted to understand what has
previously been done in the field, where the research gaps are, and how to add to
the current research. Details about the outcome of this phase can be found in this
section and in Chapter 4, Design & Implementation, while the information gathered
from the literature research is compiled in Chapter 2, Related Work.
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3.1.1 Human-Computer interaction
The field of human-computer interaction (HCI) is, as the name states, about human
interactions with computers. The domain can be defined as the design, implemen-
tation, and evaluation of computer systems that are interactive and intended for
human use [92]. As an area originally within computer science, the focus lies on the
interaction, but it has since expanded and is now a multidisciplinary field including
cognitive science and human factors engineering as well [36].

The area of HCI overlaps with interaction design, and several goals and principles
describing what good design is can be found in both. Efficiency, effectiveness, en-
joyment, and easy to use are core aspects within HCI and the process of designing
interactive computer systems [28]. HCI also overlaps with User Experience Design,
but the former is more focused on understanding users through empirical develop-
ment by using scientific research while the latter is more industry-focused [36].

As stated, HCI is research-driven. Work within the field results in one or more of the
following contributions; Empirical, Artifact, Methodological, Theoretical, Dataset,
Survey, or Opinion contribution [103]. The work from this thesis will result in an
Empirical contribution and partly an Artifact contribution.

3.1.2 Literature Review
Reviewing the literature is an essential aspect of academic writing [15]. Collecting
previous research on a specific topic, gathering the essence, and drawing connec-
tions between the references will help inform the current project. Focusing on the
references most relevant to the project should be the guiding factor. In addition,
writing a summary of what each work says is not the purpose, but rather focusing
on the collected work as a whole [54].

The benefits of literature reviews are many; it gives a general overview of a topic
previously unfamiliar to the researcher, reveals what research has already been con-
ducted, provide new ideas that can inspire new research, and enables new research
to be placed in a larger context [54].

It is important to be critical regarding the choice of sources, to make sure they are
both relevant and credible [15]. Moreover, due to the massive increase in knowledge
production, doing literature research in an accurate way has become progressively
complex [94]. For that reason, it is suggested to follow guidelines when doing a
literature review. Some guidelines are; to summarize each study’s main claim in
a short text, group studies based on categories, be selective about what studies to
include and write about studies with similar claims together rather than in separate
paragraphs [54].

Using the Method: In order to collect relevant information from the literature
to use in this thesis, a number of different approaches were used. Google Scholar
[38] was the main search engine used to find books, papers, and articles within the
field. These potential sources were screened based on their relevance to the project
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as well as the number of times the sources had been cited, to get a sense of their
credibility. Chalmers Library [78] was used to get access to the full version of the
books that were deemed relevant.

A mapping of over 500 papers on personal informatics has been done and presented
in a paper by Epstein et al. [31]. Their labelling of papers is available in a database.
Both their paper and the database were used to find relevant papers on personal
informatics as well as to get an overview of the current standing within the field.
The focus when reviewing the previous personal informatics studies was ones that
used mobile devices as the displaying and tracking tool and studies that focused
on tracking physical activity. The second most prioritised areas were studies that
used websites and/or that explored tracking users’ daily life, health, and well-being.
Studies exploring abstractness were also deemed highly relevant.

From the papers and books found through Google Scholar and the personal infor-
matics database, additional sources were discovered by reviewing the references used
in those. In addition, old master’s theses in Interaction Design, from both Chalmers
University of Technology and other universities, aided the search for sources. These
sources were mainly about methods and to some extent related work. Books in-
troduced in previous courses were also frequently used and the guidelines presented
above were taken into consideration when conducting the literature review.

3.2 Design
Several alternatives will be designed and considered in this phase before a decision
about which option to proceed with is made. Ideation is therefore a central aspect,
and methods for ideation will thus be used. To consider multiple alternatives is a
fundamental principle of design [72]. If the consideration space is too small, there is
a possibility that only "okay" or poor solutions are considered, and good solutions
might be missed. Chapter 4, Design & Implementation describes the process for
this phase.

3.2.1 Brainwriting
To settle for an initial idea because it is "good enough" is not good enough when
striving to achieve interaction design goals. To consider alternatives is crucial during
a design process in order to produce the best possible result. Several methods can
be helpful during this stage, and brainwriting is one such method. The technique is
used to generate, refine, and develop ideas, similar to brainstorming [81].

When using the brainwriting method, ideas are written down instead of spoken out.
Some suggest that the method can produce even more ideas than the traditional
brainstorming method since more ideas can be generated in the same amount of
time due to participants writing simultaneously [102]. Similar suggestions for con-
ducting a successful brainwriting session applies as when brainstorming, such as; not
overlooking silly ideas, defining the problem to keep the focus, knowing the user,
and using ideas to create new ideas [81].
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The advantages of brainwriting are that several ideas can be quickly generated,
minimal facilitation and training are needed, and anxiety, conflicts, and conformity
can be reduced [102]. On the other hand, handwriting might be difficult to tran-
scribe, some find it hard to express themselves in writing, and it is less social than
brainstorming.

Brainwriting is also known as "individual brainstorming" [102] and it is for that
reason brainwriting was chosen over brainstorming. While both methods generate
similar results, brainwriting is naturally a better fit when there is only one researcher
involved, such as in the case of this thesis.

3.2.2 Sketching
Sketching is highly efficient to realize initial ideas. During a design process, sketching
can be used as a powerful method for reasoning, thinking, and exploring opportuni-
ties [9]. The goal of sketching is to reveal ideas by transforming them into tangible
information for others to grasp. According to Buxton [16], what defines something
as a sketch can be determined through several attributes. Some of them are; timely,
quick, inexpensive, disposable, minimal details, and explore rather than confirm.

People often feel self-conscious about their drawings and thus refrain from partic-
ipating in sketching [9]. However, it is important to note that a drawing doesn’t
have to be advanced in any way to be able to communicate ideas visually. In fact,
the more ambiguous a sketch is, the more room is left for different interpretations
[16]. Developing new and different interpretations is a key purpose of sketching, and
sketching in turn is a central part of design learning and thinking.

3.3 Implementation
The third activity is described by Sharp et al. [81] as the prototyping phase. As
the look, feel, and behaviour of interactive products are central design aspects of
interaction design, users need to interact with the product to be able to properly
evaluate it. This phase will be about implementing the application that will be used
during the evaluation phase. The process for this phase is described in Chapter 4,
Design & Implementation.

3.3.1 Prototyping
Prototyping is a qualitative method commonly used during a design process. It is
used to develop and evaluate ideas within a design team but also with users [15].
For interface design, interaction techniques, aesthetics, and content can be examined
through the use of prototypes [98]. Since a prototype is limited in the questions it
can answer, it should be developed with a key issue in mind [81].

Low-fidelity: Prototypes can vary in resolution or "fidelity". How easy it is to
distinguish the prototype from the final product is what fidelity is referring to [98],
and the fidelity level can be anything from low fidelity to high fidelity, and everything
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in between [15]. Low-fidelity prototypes are generally used during ideation to test
early concepts. This makes it easier to do iterative changes following timely feedback
as well as having a concept proposed for review. Paper prototyping is an example of
a low-fidelity prototype often used within software design. Some advantages with low
fidelity prototypes are that several design concepts can be tested and revisions can
be quickly done, while disadvantages are limitations with the flow and navigation,
as well as limited usefulness for usability testing [81].

High-fidelity: Being more complete and refined, high-fidelity prototypes closely
represent the intended final product [15]. Since more care is put into the aesthetics
and because some basic functionality often is in place, high-fidelity prototypes are
commonly used during later stages of the design process. Usability and interaction
can be evaluated accurately and the prototype can often provide a real user experi-
ence. User-driven, fully interactive, and almost complete in functionality are some
advantages with high fidelity prototypes, while some disadvantages are them being
time-consuming and resource-intensive [81].

3.4 Evaluation
Evaluating prototypes lets the designer determine a product’s acceptability and
usability. This is often measured in user experience and usability criteria [81]. Eval-
uation can also be used to test hypotheses, compare design alternatives, and find
out more about how people react emotionally to the use of a product. The results
can help guide what is needed for future work. For this project, evaluation is the
fourth and final phase, divided into two parts; Study I and Study II. Details about
the design and purpose of each study can be found in Chapter 5, Study I: Online
Survey and Chapter 6, Study II: Interviews.

3.4.1 Study Design
An aspect of planning a study revolves around choosing between using a within-
subject or a between-subject design. This refers to how the test condition are ad-
ministrated amongst the participants.

Within-subject: If participants are tested on each of the test conditions, the study
design is within-subject [66]. This design is also known as repeated measures as the
measurements are repeated for each participant. Because several test conditions are
tested on each participant, it can lead to fatigue, which can decrease performance,
and learning effect, which can increase performance [56]. The learning effect refers
to how a participant might learn how to perform a task during the first conditions,
which can affect the result of later conditions. To minimize these aspects, coun-
terbalancing should be used when using within-subject design (changing the orders
of the test conditions the participants are presented with). A benefit of using a
within-subject design is that the variance is similar across all test conditions. The
variance refers to differences in people’s physical condition, personality, etc. that
potentially could affect the results.
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Between-subject: If each participant is only tested on one of the test conditions,
the study design is between-subject [66]. Because of this, more participants are
needed to achieve the same statistical rigour as a within-subject design would re-
quire. Individual differences between participants can also affect the performance
and results. To mitigate this, the participant groups should be recruited to be as
similar as possible. However, a between-subject design limits the learning effect and
other interferences between conditions as each participant is only exposed to one
test condition [56].

3.4.2 Study Methods
In empirical studies concerning personal informatics, surveys and interviews are two
of the most commonly used methods [31]. These methods are either used separately,
together, or together with another study method. Other frequently used methods
within other fields are focus groups, observations, and case studies, but these are
only used sparsely in personal informatics studies.

Survey: Not only popular within personal informatics and HCI, surveys are also
one of the most frequently used research methods across all research fields [56].
Used to explain behaviours, describe populations, and gather opinions, surveys are
a set of questions participants are asked to answer. Since surveys are generally self-
administered, a large number of responses can easily be collected which can make
understanding the "big picture" easier. There are a number of available tools that
can be used to create surveys, and some popular ones are Google Forms, Qualtrics
XM, and SurveyMonkey.

By using a survey, both the time-consuming process and the possible error due to
human factors that are present in any manual data collection can be eliminated [82].
In addition, since surveys can be answered at the participant’s own convenience,
people are more likely to feel relaxed and be in the right state of mind. By making
the survey anonymous, participants can be encouraged to respond more honestly
and openly.

Vignette study: The vignette study method consists of two elements; a vignette
experiment and a traditional survey [4]. By briefly describing a person or situa-
tion, vignette experiments can extract participants’ judgment on these scenarios. A
survey can then be used to collect the participants’ responses. Using a vignette ex-
periment together with the methodology of a survey can provide promising results,
as it combines the high external validity of a traditional survey with the high inter-
nal validity of classic experimental research [1, 4]. Vignettes are also very flexible,
as they are not restricted to written format but can also utilize videos, images, and
other media.

Vignette studies allow the researcher to exclude factors that can confound the results,
and include those that are relevant [1]. Considering the topic of this thesis, in a
realistic tracking tool where the studied visualisations are intended to be found,
there are naturally a lot more features of interest than what would be feasible for
this project. By using the vignette design, the variable of interest can be isolated
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and variations that can be caused by other features of the tool can be minimized
[47].

Interviews: For the purpose of collecting personal accounts of opinions, percep-
tions, attitudes, and experiences, interviews can be seen as a fundamental research
method for firsthand contact with people [15]. As interviews can be structured, un-
structured, or semi-structured, the method can be performed in many ways. Struc-
tured interviews are easier to analyse, but can be perceived as more stiff and formal.
Unstructured interviews on the other hand are more like a conversation, but because
of that, they are harder to analyse.

Interviews are a powerful method to involve users in the design process. The method
generates deep and qualitative data and can be used to do initial exploration, gather
requirements, and obtain evaluation reactions [56]. Interview questions should be
open-ended in order to invite the participant to answer in more depth, and they
should be unbiased to not guide the answer in a particular direction. To document
an interview, notes, audio, or video recording should be used so that the data can
be analysed afterwards. One way to analyse interviews is to use Thematic analysis
[3]. This method is used to find themes by looking for patterns in the qualitative
data, using coding to do so.

3.4.3 Measuring Scales
In HCI experiments, Dependent variables are used to measure human behaviour
[66]. These come in many different forms, such as speed, accuracy, key actions, and
self-reported answers to scale questions. A few examples of developed scales evalu-
ating different aspects are the Technology-Supported Reflection Inventory (TSRI),
the User Engagement Scale (UES), the System Usability Scale (SUS), and the
Rumination-Reflection Questionnaire (RRQ). These scales are described in further
detail below, and all of them are measured on a 5- or 7-point Likert scale, ranging
from Strongly disagree to Strongly agree.

TSRI: The Technology-Supported Reflection Inventory is used to evaluate the effec-
tiveness in which a system supports self-reflection [11]. It allows for the comparison
and evaluation of different designs and can be used during the early stages of an
interactive system design process. The scale consists of three dimensions; Insight,
Exploration, and Comparison. It has 9 items on a 7-point Likert scale with the
items being the following;

1. Using the system has led to a wake-up call to make changes in my life.

2. As a result of using the system, I have changed how I approach things.

3. Using the system gives me ideas on how to overcome challenges.

4. I enjoy exploring my data with the system.

5. The system makes it easy to get an overview of my personal data.
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6. The system makes it easy to review my long-term personal data.

7. I reflect on my data in the system with others.

8. The system helps me to discuss my data with others.

9. The system makes me think about how my personal data relates with that of
others.

RRQ: The Rumination-Reflection Questionnaire can be used to measure rumination
and reflection [97]. The RRQ consists of a Reflection Scale, a Rumination Scale,
a Trait Reflection Scale, and a Trait Rumination Scale, with all scales using a 5-
point Likert scale. The Trait Reflection Scale includes 12 items and evaluates how
reflective a person is, which can be based on the extent in which the person has
reflective personality traits. The 12 Trait Reflection items are;

1. I love exploring my "inner" self.

2. I often love to look at my life in philosophical ways.

3. I love to meditate on the nature and meaning of things.

4. I don’t really care for introspective or self-reflective thinking.

5. My attitudes and feelings about things fascinate me.

6. I love analyzing why I do things.

7. I don’t care much for self-analysis.

8. I’m not really a meditative type of person.

9. Philosophical or abstract thinking doesn’t appeal to me that much.

10. Contemplating myself isn’t my idea of fun.

11. People often say I’m a "deep", introspective type of person.

12. I’m very self-inquisitive by nature.

UES-SF: The User Engagement Scale can be used to measure a user’s engagement, a
measure of high interest within Human-computer interaction [79]. It has been used in
many different digital domains such as online news, education, and social networking
systems, to name a few. The original version had 31 items and 6 dimensions but
has since been revised to include 30 items and 4 dimensions (Focused Attention,
Perceived Usability, Aesthetic Appeal, and Reward Factor). In addition, a short
version has been created consisting of 12 items which can be viewed below.

1. I lost myself in this experience.

2. The time I spent using Application X just slipped away.
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3. I was absorbed in this experience.

4. I felt frustrated while using this Application X.

5. I found this Application X confusing to use.

6. Using this Application X was taxing.

7. This Application X was attractive.

8. This Application X was aesthetically appealing.

9. This Application X appealed to my senses.

10. Using Application X was worthwhile.

11. My experience was rewarding.

12. I felt interested in this experience.

SUS: The System Usability Scale is a quick and cheap tool that can be used to test
usability [14]. The results from the use of this scale are reliable even on small sample
sizes, and the scale shows a clear difference between unusable and usable systems,
making it a valid tool. The tool has been used to evaluate a wide range of systems
and is the most used scale for measuring perceptions of usability. The scale consists
of 10 items measured on a 5-point Likert Scale. The 10 items are the following;

1. I think that I would like to use this system frequently.

2. I found the system unnecessarily complex.

3. I thought the system was easy to use.

4. I think that I would need the support of a technical person to be able to use
this system.

5. I found the various functions in this system were well integrated.

6. I thought there was too much inconsistency in this system.

7. I would imagine that most people would learn to use this system very quickly.

8. I found the system very cumbersome to use.

9. I felt very confident using the system.

10. I needed to learn a lot of things before I could get going with this system.

3.4.4 Study Design Documents
Before designing the visualisations and implementing the application, a Study De-
sign Document was created. The document was created in order to plan the eval-
uation process as the designs were ultimately created and used in order to explore
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the research question. By doing this first, no more than the minimal viable product
needed to run the study and explore the research question would have to be de-
signed and developed. Many alternatives were considered, but ultimately, I decided
to conduct two studies. A short summary of the study designs can be seen below.
The full explanation and motivations for why these study designs were chosen are
included in the studies’ respective chapters.

Study I: Online survey: The chosen study method for the first study was an
online survey combined with an experimental vignette. It has a between-subject
design with two independent, resulting in six conditions, and two dependent vari-
ables, measured using established scales. The six conditions are different levels of
abstractness in visualisations combined with goal completion. Hypothetical data
will be used to display the visualisations.

Study II: Interviews: Following the first study, a second study will be conducted
in the form of interviews. The interviews will be focused on the different versions
of the visualisations, presented in an application where participants get to explore
them in their intended context. In addition to the interview, the participants will
be asked to fill out a short questionnaire measuring the Usability of the application.
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When all the planning, background research, and study design decisions had been
made, the practical work could begin. The development of first the visual designs,
then the application design, and lastly the implementation of the application are
described in this chapter. In addition to this, motivations for all decisions made are
presented. The work accomplished and described here refers to the second and third
phases of the project, outlined in Chapter 3, Method.

4.1 Visual Designs
This section covers the process of creating the designs of the visualisations. First,
the base condition was decided before several abstract visualisations were designed.
Users were involved during the design process in the form of a two-part pre-study as
a way to guide the work. With the participants’ opinions in mind, the final abstract
designs were established.

4.1.1 Choosing a Base Condition
The visualisation with a low level of abstraction, which could be seen as a base
condition, will be in the form of a bar chart. The reasons for choosing the bar
chart are because it is a standard representation making most people comfortable
in reading them [23], it is a commonly used visualisation in many areas [2] including
tracking applications such as Apple Health and the Fitbit app, and many studies
within personal informatics have used it as well [34, 59, 74, 96]. Both [34] and [96]
used bar charts similar to the one Fitbit has on their website and compared the
bar charts against visualisations, with different levels of abstractness, created by the
authors.

The design of the bar chart, currently without any colours, can be seen in Figure
4.1. It shows how it looks when the progress toward the goal is around 10%, 50%,
and when the goal has been met. The goal is represented similarly to what can be
found on the Fitbit dashboard, with an icon metaphor instead of the exact number.
A few guiding lines are also included to help the user asses the current progress.
The lack of numbers used in this design is to make sure all levels of the condition
show the exact same information, albeit in different forms.
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Figure 4.1: The design of the bar chart, used as a base condition.

4.1.2 Creating Abstract Designs
The two levels of medium and high abstraction would need to be designed in an
informed but creative way. A number of design principles for behaviour change
technologies have in previous work been identified [24], and these will be used as
guidelines when creating the designs. The design principles are; Abstract & Reflec-
tive, Unobtrusive, Public, Aesthetic, Positive, Controllable, Historical, and Com-
prehensive. Another study exploring physical abstract representations has devices
similar design principles [87]. Their principles are Aesthetics, Abstraction, and Com-
parison and Correlation, with the Correlation aspect of the last principle being the
most unique addition. This principle suggests that if goals are present, they should
be integrated into the visual design.

To narrow down the design scope, I decided to focus on goal-based designs, one of
the insight types defined following a number of design workshops with professional
graphic designers [2]. The motivation for choosing this type of design is because
of the importance goals have in personal informatics, with having a goal in mind
being the most common reason for starting to track [33]. For a goal to be effective,
the progress towards the goal must be presented as feedback to the user [62], which
goal-based designs does. It is also often easier to process for the user when feedback
is presented as progress in comparison to the target [41], and trackers like to check
their data to know their current status towards their goal [58, 86]. Additionally, if
a goal has been reached, it should be reflected in the visualisation as well [87].

From studying bullet journal trackers, it was found that individuals often have
positive emotional attachments to objects such as geometric shapes, animals, food,
or flora [6]. Utilizing this, colouring a drawing of a cat with the mood of the day is
an example of a way to track mood in a personalized and creative way. Considering
this information, exploring designs that could create a positive emotional attachment
will not be neglected.

Brainwriting: A short session of brainwriting was held to generate initial ideas for
goal-based designs. Inspiration was taken from existing abstract art and abstract
visualisations used in previous personal informatics studies. From this session, a
number of ideas were created which could be categorised into two categories; concrete
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ideas and abstract concepts. The two categories were surprisingly fitting considering
the focus of this thesis. Some examples from the concrete ideas are a skyscraper,
compass, and hourglass, and from the abstract concepts, a few ones are "Something
filling a container", "A mess that takes form", and "Something flora related".

The brainwriting method was used at this stage of the project since the aim was
to generate initial ideas quickly and efficiently. The reason this method was used
instead of, for example, Crazy 8 was to not limit the number of generated ideas
to eight as well as to not spend time sketching ideas that might not meet the
requirements anyways, something that might occur when there is time pressure.
Another popular idea-generating method is the 6-3-5 method, which wasn’t used for
to the obvious fact that there were not 6 participants taking part in the ideation
process.

Sketching: Based on the generated ideas, sketches of some of the ideas and concepts
were drawn which can be seen in Figure 4.2. All ideas show both how they would
look before a goal has been met and after a goal has been met, except for b) which
has both cases included in its undeveloped design. The colour choices in these
sketches were arbitrary and the colours were only used to experiment with how hue,
saturation, and brightness, together with form, could show progress.

One issue that blocked many ideas from moving forward and being sketched was how
to design them when a goal has been met, one of the important guidelines identified
from previous work. Illustrating the user’s progress past their goal couldn’t be done
in an adequate way. More sketches than what can be seen in Figure 4.2 were also
not drawn because the ideas started to resemble one another, such as f) and i), and
c) and e), so the number of alternatives appeared to be enough at that moment.

Figure 4.2: The first visualisation designs created out of the ideas generated from
brainwriting.
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4.1.3 Pre-Study, part I
Involving users in the design process is an important part of creating a useful design
that supports users’ needs [81]. It is also the main focus of user-centered design,
where users are highly involved as a means to create accessible and usable products
[37]. Motivated by the importance of user involvement, it was deemed relevant to
ask a number of potential users for their opinion on the currently generated design
alternatives.

Participants: Eight people took part in the first part of the short pre-study. The
participants consisted of 6 females and 2 males, with ages from 20 years old to
58 years old. None of the participants was currently tracking their behaviour, nor
had done so previously. Convenience sampling [3] was mainly used to recruit the
participants, together with Snowball sampling [3].

Apparatus: Figure 4.2 were shown to the participants who were then asked to
select the three most interesting and/or appealing designs, in no particular order.
Participants were given no other explanation of what the designs represented or in
what context they would be used. This was to avoid bias such as people’s inherent
opinions on fitness tracking or how visualisations for fitness tracking data should
look like. The figure was shown using a mobile phone and the participants’ answers,
spoken aloud, were written down. The answers were then compiled in order to create
a bar chart summarising the results.

Results: Of course, this simple user test could only be used as a guide since the
designs had varying levels of refinement. It is also unsure whether people were
influenced by the colours, the form, or a mixture of both. Fairly comparing the
designs thus becomes troublesome. Nevertheless, Figure 4.3 shows a summary of the
participants’ choices. As seen from the results, g) was found particularly appealing
to the participants, as all participants except one picked that design. Besides that,
all other designs were perceived as fairly equal, apart from a) and l) which received
no votes. It is possible this could be due to the simplicity of these designs.

Figure 4.3: Summary of the votes on the initial design sketches.
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4.1.4 Refining the Designs
With the results from the short user involvement taken into account together with
suggestions from the project’s supervisor, I decided to use the butterfly design, g),
and to develop it further. Not only was it by far the most popular design in the
user test, but it also has the potential to evoke a positive emotional attachment due
to its appearance [6]. It was also one of the designs that were based on an existing
object rather than being completely abstract, making it easier for the user to relate
to.

The next step was two create two versions of the design, one with medium abstrac-
tion and one with high abstraction. Abstraction can be defined as the process of
eliminating details, removing inessential information, and generalization [99]. With
this in mind, the version with medium abstraction was designed to include the seg-
ments from the initial sketch. The version with high abstraction was designed to
only have an outline to show the goal. By removing the lines creating the segments
from the design of medium abstraction, which are not essential but help the user
construct a more absolute interpretation, a visualisation of higher abstraction is
created.

To show the progress towards the goal, the medium version has the segments filled
with solid colours growing randomly while the high version has a circular gradient
growing from the middle. Making progress past the goal is visualised in the form
of small butterflies next to the large one. Figure 4.4 shows the outlines of the two
versions as well as how the visualisations will look if the user has made no progress
toward the goal.

Figure 4.4: The design on the left is the version with Medium abstraction and the
design on the right is the version with High abstraction.

Colours: An important aspect of any design is the colour choices. Emotional well-
being can be positively affected by viewing colourful representations [6], so including
colours was deemed essential. Nevertheless, colours would not be used in a negative
manner, such as displaying unmet goals in red and achieved goals in green. This is
based on the design principle that technology should be positive [24], and previous
research which has shown that negative framing increases ruminations [63, 74].

To avoid the classic positive and negative association that green and red has, those
colours were not going to be used altogether. This decision was also made to increase
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the design’s abstractness, as the common association was removed. When trying
out different colour combinations, it became clear that by removing green and red,
the colour options became limited. Because the colours were shown as a gradient for
one of the abstraction levels, the colour palette had to be either monochromatic or
analogous as a complementary palette wasn’t harmonious. Five alternative colour
palettes were created which can be seen in Figure 4.5. Three were monochromatic
(a, b, and c), using one hue and only changing brightness and saturation, and two
were analogous (d and e), mainly changing in hue.

Figure 4.5: The different colour palettes created.

4.1.5 Pre-Study, part II
As part II of the pre-study, users were again involved. This was done in order to
get people’s opinions on the colour palettes, as colours are equally important as
the form of a design. Fewer alternatives were used this time, and because of this,
participants were also asked to choose fewer alternatives.

Participants: This time, 10 people (7 females and 3 males) ranging from age 20
to 58 were inquired. Similar to part I of the pre-study, none of the participants
were currently or had previously been tracking their behaviour. Participants were
recruited using Convenience sampling [3] and some of them were used in part I of
the pre-study as well.

Apparatus: Participants were asked to pick the two colour palettes they found
most appealing without knowing the context. This was done by showing Figure 4.5
on a mobile phone to the participant or sending the figure to them using a chat
application. Answers were spoken or written in response to the inquiry and noted
down so that the results could later be compiled.

Results: A summary of the participants’ opinions can be seen in Figure 4.6. The
palettes were first created as gradients and then explored in the medium abstraction
version. When used as single colours in the medium version, it was revealed that
monochromatic palettes generally looked more harmonious. However, participants
seemed to prefer the analogous palettes in general, with e) being the most voted
palette.
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Figure 4.6: Votes on the created colour palettes.

Deciding Colours: The contrast between colours used in an interface is an impor-
tant aspect of visual accessibility [39]. Elements should have colours with a certain
level of contrast to optimize usability for a wide range of users. To test the contrast
of a colour palette, a black-and-white filter can be applied. Figure 4.7 shows the
created colour palettes as black and white. It was clear that e) lacked significantly
in contrast. Since b) was the second most-voted palette and also one of the palettes
performing best in terms of contrast, it was chosen to be used for the final design.
In addition, because b) has a monochromatic colour palette, it is better suited for
people with colour blindness as compared to when several colours are used together.
Blue also happens to remain fairly unchanged when viewed by people across a variety
of different types of colour blindness.

Figure 4.7: Testing the colour palettes as black and white, revealing the contrast
between the values.

4.1.6 Final Abstract Designs
The final designs for the medium and high levels of abstraction are shown in Figure
4.8. The figure shows the two designs when the progress toward the goal is around
10%, 50%, and when there has been progress past the goal. The designs fulfil
several of the design principles for visualisations and behaviour change technologies
presented earlier. The most prominent ones are highlighted below.
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• Aesthetic: To be meaningful, a visualisation should have a balance of aesthetic
and informative properties [87]. Visualisations should also be aesthetically
pleasing, regardless of the user’s performance. To support a user’s personal
style, aspects of the technology should be attractive and comfortable [24].

• Abstract: The use of abstraction increases privacy [24, 87]. When viewed by
others, it is not clear what the visualisation represents. This allows the users
to reflect in more situations and view their progress towards the goal [24].

• Correlation: Goals are integrated into the visual design [87]. In addition,
progress both towards and past the goal is clearly visible. This allows the user
to make both relative and absolute estimations.

• Public: Data should be presented (and collected) in a way that, if viewed
by others, does not make the user uncomfortable [24]. The data should be
available at all times and likely will be viewed in common spaces and in the
presence of others.

• Positive: Positive reinforcement should be used to encourage change [24]. De-
sired behaviour should be rewarded, but lack of the desired behaviour should
not be punished. The use of punishments can result in reduced use of the
technology.

Figure 4.8: The final designs of the visualisations, showing three different progress
statuses. The top version has medium abstraction and the bottom version has high
abstraction.

4.2 Application Design
When the visualisations were completed, the application was designed. This was first
done as a low-fidelity sketch, and then as a high-fidelity prototype. Before that, a few
aspects regarding the interface was decided upon, such as navigation and brightness
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mode. The section ends with design motivations for why the application looks the
way it does.

4.2.1 Designing the Interface
Since the focus of the thesis work were visualisations, the simple application created
to test the visualisations in the intended context didn’t receive as much attention.
However, there were still a few design options that needed to be considered. All
three visualisations would be shown to the user within the application, allowing the
user to switch between them. Three different options for navigating between the
visualisations were considered;

• Single button: When pressed, the visualisation is switched to the next.

• Segmented buttons: Equally many buttons as there are visualisations. Placed
together and switches to the chosen visualisation when pressed.

• Screen Carousel: The user swipes left and right to access the different visual-
isations.

A single button takes up less space than segmented buttons but is also less intuitive
since the desired visualisation can’t always be directly switched to (since there are
three of them). Both segmented buttons and the screen carousel offer the possibility
to navigate to the desired view directly if the screen carousel wraps around from the
end to the beginning. The screen carousel requires the user to remember where the
items are placed though, if no mistakes are to be made.

Most mobile applications have a transient posture, which means it is only used for
short moments with a focus on particular tasks [25]. For that reason, an application
should be clear and simple. Motivated by this, I decided to use the screen carousel
since that would make the design more clear and simple with no buttons having to
use screen estate.

The next consideration was deciding between light mode and dark mode for the
application. Naturally, both options should be available in order to accommodate
all people, but for the small user test in this thesis, it was necessary to have the
application be consistent. The choice landed on dark mode. Dark mode colour
schemes can reduce visual fatigue and increase visual acuity [51]. It is also often
preferred by users and decreases battery consumption in devices with OLED displays
[27], which is the case for most mobile devices released in recent years.

4.2.2 Low-Fidelity Sketch
The first created paper sketch of the application can be seen in Figure 4.9. This was
done before the visualisation designs were explored and developed, but the general
idea was still relevant at this point in time. The first view has a text label stating
"Set today’s step goal" and a text field where the user can enter his goal for the
day. If unsure, the user can press the suggestion button and a suggested goal will
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be provided. When confirming what goal to use for the day, the user is navigated to
the second view. This view has different visualisations, where the user can change
between them by swiping.

Figure 4.9: The first sketches of the different views of the applications. View 1
lets the user set a daily goal while view 2 shows the different visualisations.

4.2.3 High-Fidelity Prototype
Based on the simple sketch, a high-fidelity prototype was created to use as a guide
for the implementation. This was done using Figma, a collaborative interface design
tool which can be found here; https://www.figma.com/. Figure 4.10 shows the four
views. The colour palette created for the visualisations was used for the whole
application as well, to achieve a consistent and uniform look.

Both the buttons and the text field have rounded corners. There are several reasons
for using round corners in general rather than sharp edges. The smoother feel round
corners provide can evoke an emotional connection towards the device and viewing
rounded rectangles requires less cognitive load [89]. The round corners also make
the design appear more friendly, which can increase the feeling of warmth and trust.

The two buttons have different designs with the primary action, the confirm button,
having high emphasise while the optional action, the suggestion button, having low
emphasise. This is in accordance with Material Design’s guidelines [39] for how
buttons should be designed, where each screen should only have one prominent
button and the other buttons should clearly communicate their lesser importance.

There are two types of text fields, filled and outlined. For this design, the outlined
one was chosen. Both types of text fields provide the same functionality and deciding
between the two should thus be based on what works best with current the visual
design as well as being distinct from surrounding content [39]. The text field has a
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label placed in the middle of the field, as all text fields should have a label either
inside or close to the field.

Figure 4.10: The high-fidelity prototype created in Figma. First a screen for
setting the goal and then the screens with the visualisations.

4.2.4 Design Motivations
Several motivations for the different design choices have already been presented
previously. This section covers the remaining areas with a focus on data from a
single day, the use of several visualisations together, goals, and the interface itself.

Single-day Data: One of the guidelines for behaviour change technologies is Histor-
ical, meaning that information regarding a user’s past behaviour should be accessible
and reasonable [24]. While some trackers, especially long-term, like to look for pat-
terns over time [58] where the important things are usually found [20], it turns out
that some people are not interested in historic data [40, 86]. Visualisations showing
the day-to-day progress are often preferred by short-term trackers [32], and people,
in general, are often influenced by day-to-day activities and single data points [20].

Because both studies will run during one day and not as a field study, data from a
single day will be used. Since several previous studies have acknowledged the effect
day-to-day progress has on people, studying visualisations with one day’s worth of
data was believed to be interesting and promising.

Several Visualisations: While only one of the visualisations was going to be
presented to each participant during the first study, the second study would allow
the participants to explore all of them. The reason for this is because of the many
benefits the use of several visualisations can provide.

First, technologies aimed at changing behaviours should have the option to change
between visualisations so that people can change the interface based on the context
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and setting, increasing the opportunities for reflection [24]. Secondly, users want to
be able to choose between visualisations [80]. People have different preferences in
terms of how data should be visualised, and by combining several, the diversity in
people’s needs can be addressed [96]. Including more than one visualisation may
also allow data to be presented in a more meaningful way [96] and help the user
see the full picture [30]. Lastly, by providing both abstract art and charts, both
engagement and enjoyment can be increased over time [34, 96].

Goals: Overall, the application is designed to be more reflective than persuasive
[70]. Therefore, the data is displayed in a neutral way and the application is intended
to support the users towards their self-chosen goals. Users also tend to prefer self-
set goals over assigned or pre-decided goals [22]. This is partly because people need
different goals to be appropriate. One goal is not ideal for all users and a system
should take the user’s physical abilities into account when it comes to goals [34]. A
factor that often hampers long-term engagement is when the system goals do not
match people’s goals [43].

However, novice users have limited knowledge regarding their daily physical activity
[41] and tend to not know how much they walk, for example [40]. This is why it is
essential to include the possibility to have a goal suggested when self-set goals are
used. The suggested goal should be an appropriate number and not too difficult to
achieve. If the goal can be achieved, it can motivate users to reflect and challenge
themselves [40]. The combination of self-set goals and suggestions has been used in
a previous study [40].

Having the user set a daily goal has been used as well [41]. By using daily goals, the
application becomes more flexible. Some days it might not be possible to reach one’s
optimal goal. Then it might be more comfortable and motivating for the user to set
an appropriate goal that can be achieved rather than knowing that goal failure is
inevitable. Illness and work deadlines are some factors that might hinder a person
from temporarily achieving her daily goal [22]. Goals also change over time. An
initial goal might have been too ambitious, or it might become too "easy" once a
person’s fitness level has improved [43]. This change is something many tools don’t
account for.

Interface: Although the design of the application is very simple, the interaction
design principle presented in Chapter 2, Related Work, were taken into account when
designing the few aspects present. From the principles presented by Sharp et al.,
the most applicable are;

• Feedback: When the user is navigated to the second view, and when the sug-
gestion dialogue box appears, this is done without delay.

• Consistency: The design is consistent across all views, using the same style
and colour palette.

• Affordance: The primary button has the look of a button, according to today’s
standards. Previously, metaphors were widely used in interfaces [25], such as
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giving buttons drop shadows. Nowadays, interfaces rely more on idioms by
using simple visual and behaviour idioms which are easy to learn. This creates
cleaner interfaces which cause less visual excise.

Included in the Conceptual Principles are that computers should be considerate
and "act like humans" [25]. A considerate product is self-confident. Dialogue boxes
asking "Are you sure?" when an action is performed should not exist, and no such
dialogue will appear from pressing the confirm button in this application.

Technologies should have harmonious interactions [25]. There are no universal rules
as to what creates harmonious interaction, but one aspect that doesn’t bother the
user’s flow is the notion "less is more". With the use of a minimalist approach to
a product’s design, the purpose of the tool is clearly understood. The number of
elements in an interface should be reduced without affecting the product’s capability
or making it more difficult to use. Another aspect is to provide choices rather than
questions [25]. Rather than having the question "Do you wish to set your daily goal
yourself or have a goal suggested to you?" on the first view, the user has the optional
suggestion button.

Information should be contextualized. This means that instead of showing the exact
numbers, visualisations should be used. The use of visualisations makes it easier to
comprehend the proportion and scale of the numbers being displayed. This principle
is also another motivation for using a bar chart instead of, for example, a text saying
"Step count: 6 789 / 10 000" which can be found in some current tracking tools. The
information presented in both options is the same, but the exact number is often
not really relevant to the user and should therefore not be the main focus.

As for Behaviour Principles, one aspect of a good visual interface design is to keep
it simple [25]. This refers to having a restricted colour palette, preferably using
sans-serif fonts, especially for small texts, and only using one or two typefaces in
the interface. All of these aspects are fulfilled in the design of the application.

4.3 Implementation
In this section, the process of implementing the designed application is covered. A
technical review is done in order to make sure the plans are feasible before doing
further work. After that, details about the code, creating several versions of the
visual design, and testing the code are covered.

4.3.1 Technical Review
I deemed it important to research the technical possibilities before going further into
the practical work of this thesis. First, I decided to use Flutter for implementing
the application. Flutter is created by Google and is a free open-source framework.
With a single codebase, applications can be created for mobile devices with both
iOS and Android as the operating system as well as desktop, web, and embedded
devices. Because of the framework’s flexibility, and because it can be used together
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with Material Design which has accessibility standards integrated [39], Flutter was
chosen as the framework over other options for mobile development such as React
Native, jQuery Mobile, Native Scripts, and Ionic.

The documentation for both Flutter and Material Design was reviewed in order to
facilitate the upcoming implementation process. For Flutter, widgets were the main
focus which are the building blocks used to build the application’s user interface. The
Flutter documentation can be found here: https://docs.flutter.dev/. For Material
Design, the focus was to check the different design opportunities as well as get
some design inspiration. The Material Design documentation can be found here:
https://m3.material.io/.

Based on the decision to use Flutter for the development, two main questions had
to be addressed before moving forward. This was to make sure it was feasible to do
the intended application development and also conduct the planned studies. The
two questions were the following;

• How to collect tracked data from a phone?

• How to use the exported data?

Collect data: Despite Flutter’s flexibility, it was necessary to focus on one device so
that the study could be consistent amongst the participants. Since Apple currently
is the leading mobile phone brand [61], and because of my experience and knowledge
of iPhones, I decided to focus on iPhones. iPhones have a Health app preinstalled
on all devices running iOS 8 or later. This app contains several types of health
data and also tracks physical activity data such as walking distance and step count.
Exporting health data can easily be done within the app.

Use data: Using the data proved to be more difficult. The Health app data is
exported in XML format (eXtensible Markup Language), a tool used to store and
transport data independent of hardware and software. This format is not easy to
read or use, with the export test generating a file with over 300 000 lines of informa-
tion. However, using an online converter, the file could be converted into CSV format
(Comma-separated values). This format could be imported into a Flutter project
and then parsed so that the information could be used. The following website was
used to convert the XML file to CSV files; https://www.ericwolter.com/projects/apple-
health-export/.

4.3.2 Creating Visuals
In a real application, visualisations are dynamic and constantly change based on
the user’s activity. Considering the scope of this thesis, making the visualisations
dynamic for the application was neither feasible nor necessary. Since the study using
the visualisation would both be sedentary and take no longer than 30 minutes, the
participants would not increase their step count during that time. For that reason,
it was only necessary that the visualisation appeared to accurately represent the
participant’s current progress.
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A total of 13 versions of each visualisation were created showing different levels of
progress. The mapping was based on the relative progress towards and past the
goal, with each visualisation version representing a 10% interval. The intervals were
the following; 0 - 9%, 10 - 19 %, [...], 100 - 109%, 110 - 119 %, and 120% -. The last
interval covers any progress from 120% of the goal completed to infinity.

The visualisations were created using Clip Studio Paint, and the same program was
used during the design phase as well. All of the visualisation versions can be seen
in Appendix A. The version with low abstraction had the lines changed to black for
the appendix in order to be visible.

4.3.3 Writing the Code
With all the visualisation versions created, the code could be written. The code
was continuously run through an emulator so it was possible to check that the
application looked like it was supposed to. The tools and software used during the
implementation were the following;

• Code editor : Visual Studio Code

• Programming language: Dart

• Framework: Flutter

• Emulator software: Android Studio

• Emulator model: Google Nexus 6

To achieve the different emphasises on the buttons motivated in the section 4.2,
Application Design, the components called "ElevatedButton" and "TextButton" from
Material Design were used. These, together with the TextField component, were
adjusted in terms of shapes and colours in order to resemble the look decided upon
in the high-fidelity prototype.

Pressing the suggestion button displays a dialogue with text suggesting that 7000
steps is an appropriate step goal to start with. The reason for using 7000 steps as
the suggestion was to not have a goal with too high difficulty [40], but at the same
time could be perceived as difficult enough so that a greater effort could be put
into it [62]. In addition, the classic goal of 10 000 steps per day is generally not
necessary. A study showed that the benefits of additional walking were slight after
reaching 8000 steps [84]. It is also often unlikely that people reach 10 000 steps
per day, especially amongst new trackers, considering how most people in Western
nations on average take 5000 steps per day. Adding a few thousand steps per day is
not only achievable but also greatly increases a person’s health. Figure 4.11 shows
the suggestion box.
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Figure 4.11: The dialogue showing the step goal suggestion.

Confirming the set goal takes the user to the next view, the visualisations. The
application design does not allow this action to be reverted, meaning that the user
can not change the daily step goal once it has been set. Less reflection might be
the result if users are allowed to change the goal once they have seen that they are
currently far from achieving it, for example. Since the goal is also daily anyway, the
user can change the goal the following day if the goal he set was too difficult.

Because of the emulator used, it is still possible to go back and change the goal when
exploring the application. No action was made to prevent this from occurring since
this aspect would be beneficial for the studies. Allowing the participants to test
different goals would open the possibility for them to give more complete feedback
on the visualisations and the changes occurring following the user’s progress.

Packages: The visualisation view required a number of Dart packages, to decrease
the code needed to be written. Packages can be found on https://pub.dev/, and the
following packages were used;

• CSV : Converts CSV files to lists of values.

• Page view dot indicator : Dots indicating which page the user is on.

• Flutter Spinkit: Animated loading indicators.

A loading screen is shown to the user before the visualisations can be seen, with
the "Wave" animation from the Flutter Spinkit package shown. This is because
extracting the information from the CSV file using the CSV package takes a few
seconds. When the information has been extracted, the view with the screen carousel
is shown. The PageView widget from Flutter was used to create the screen carousel.
Each view consists of one of the visualisation versions. This is also where the Page
view dot indicator package was used, to indicate which page the user is currently
on.

4.3.4 Code Testing
During the implementation process, the application was checked for errors. This was
not done more extensively than making sure everything was working as intended and
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that even if the user does something unintentionally, the program should not break.

To avoid input errors, a few measures were taken. The input length was restricted
to 5 characters since allowing for goals over 99 999 steps was deemed unnecessary.
The value is checked to make sure it is indeed a number and not a word, and also
if it is above 0. If any of these aspects are not true, or if no value has been written,
the button will not navigate the user forward.

Not many major errors occurred during the coding process. Most were small errors
such as the components not appearing where they should at first. The most notable
error was that when parsing the CSV, the wrong information was fetched. This
was due to the different ways CSV can be built up. For example, both "," and ";"
can be used to separate the items, and different characters can be used to mark the
end-of-lines. There is no Internet standard for how CSVs should be formatted. If
the values used in a particular file are not specified, the function simply uses the
default values. This error was solved quite easily once the source of the problem
had been identified.

4.3.5 Final Application
Although very simplistic, the final application is intended for users new to fitness
tracking. It allows the user to set a daily goal and view her progress through different
visualisations where the goal is visibly integrated. Because of the lack of features,
it shouldn’t be seen as a final product but rather as a building block for possible
further development. With that said, I have decided to call the application FlyFit
and the different views can be seen in Figure 4.12.

Figure 4.12: All screens of the complete application. The visualisations represent
392 steps taken with 3000 steps as the goal.
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5
Study I: Online Survey

The first study, which is part I of the two-part evaluation process, was an online
survey using an experimental vignette. The purpose of this study was to explore the
levels of abstraction with a large number of participant, in order to get quantitative
feedback in terms of self-reflection and engagement.

5.1 Study Design
I decided to use an experimental vignette study design for the study. Besides the
combination of high internal and external validity this study design offers, it was also
chosen because of its usefulness to gather evidence of causation by having control
over the independent variable [1]. Vignette studies have efficiently been used in
previous personal informatics studies [12, 74].

Vignette studies use surveys, which by themselves are highly useful. As mentioned,
surveys are often used within personal informatics studies, and a few examples of
studies using online surveys, in particular, are [10, 33, 46, 57]. By using online
surveys, an increasingly larger number of participants could be used compared to
what would have been possible if a researcher had to be present at every user test.
With more participants, the probability of achieving statistically significant results
also increases [66].

Next, I chose to use a between-subject design. Although within-subject design is
the most frequently used design within HCI [47, 56], between-subject design is more
often used within personal informatics, which can be seen from the many studies
that have used it [12, 21, 52, 59, 74, 96]. The reason for this is because of the
content personal informatics deals with. Once a person has seen their data, it can’t
be unseen. The initial experience and reflection occurring from seeing one’s data
will be vastly different for a second condition. Problems that cannot use within-
subject design to accurately investigate them should use between-subject design
[56]. Besides the mentioned points, because a between-subject design was chosen,
there was no need to take learning effect or fatigue into account.

The first independent variable I decided to use for this study was Abstraction with
three levels; Low, Medium, and High. Initially, the plan was to only use two levels;
concrete and abstract, but doing so can be questionable. By using more than two
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conditions, the validity of the result can be increased in terms of the key ideas of
the research questions [47]. Additionally, even if no difference is found between the
levels of the independent variable, interesting data regarding the differences between
the construct instances can still be generated. The second independent variable used
was Goal Completion with two levels; Completed and Not Completed. People tend
to reflect and engage to different extents depending on if they have completed or
not completed their goal [40]. It was therefore of interest to include this condition
as well.

In the following, the conditions are called; LowC, LowNC, MediumC, MediumNC,
HighC, and HighNC, where C refers to Completed and NC refers to Not Completed.
The assignment of the six conditions, and which condition the participant was pre-
sented with, was randomized. By using randomization, the experiment’s internal
validity is increased since unknown factors of no interest that influence the exper-
iment are evened out between conditions [47]. The consent form and the vignette
used in the survey can be seen in Appendix B, as well as the ending of the survey
with the open question.

5.2 Pilot study
A pilot study was run using 12 participants, with two participants per condition.
This was done to reveal any errors or unclear points with the survey, before running
it with a large number of participants. The open question at the end of the study
revealed an issue with the study design. The two participants with condition HighC
left the following comments:

There was only images of blue butterfly instead of visualisations. (P4,
HighC )

I didn’t understand the meaning of the butterflies. (P8, HighC )

It appeared that the lack of context made it difficult to understand high abstraction
when the goal was completed, as the only thing the participants saw was a larger
and a smaller butterfly. The participant leaving the first comment also considered
himself experienced with tracking, and the comment could thus be the result of
bias from his previous experience with tracking visualisations, where visualisations
mostly are concrete.

Because of the comments, adjustments were made to the images shown to the par-
ticipants. Each condition was changed to include three different stages of the vi-
sualisation together with a timestamp so that the participant could see how the
visualisation progressed throughout the hypothetical day. Figure 5.1 shows one of
the conditions with the updated look, and all conditions can be seen in Appendix
C.
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Figure 5.1: Condition LowNC, Abstraction: Low and Goal Completion: Not Com-
pleted.

5.3 Participants
Participants were recruited through Prolific, https://www.prolific.co/, a website used
to conduct online research with high quality. By using rigorous checks, unbi-
ased screening, and fair payments, Prolific assures participants are who they say
they are and responses becomes thoughtful and honest. Amazon Mechanical Turk,
https://www.mturk.com/, is another commonly used website for the same purpose,
but it requires more additional filters in order to receive responses of similar quality
to Prolific.

A few criteria for the participants were defined beforehand. All participants had to
be at least 18 years old, as research on children and young people is problematic from
an ethical perspective. Since there is a limit to their ability to assess consequences,
obtaining acceptable informed consent is difficult. Next, as the study was conducted
in English, participants had to know English well enough to understand the content
of the study. Participants also needed to be, for the most part, relatively new to
tracking and analysing data. The reason for this was, as mentioned previously,
because short-term trackers tend to prefer visualisations showing their day-to-day
use [32], and data from a single day were going to be used in the study. Lastly,
participants had to not be experts in analysing visualisations considering how the
average tracker is not. One of the aims was after all that the visualisations should
work well in the personal context, a context where people are generally unfamiliar
with how to analyse visualisations.

In order to generalise results, the participants recruited should have the same vari-
ability as what is present in the user group that is being studied [47, 66, 67]. For this
reason, I chose to use a balanced sample so that the distribution between males and
females would be equal. The number of participants tested must also be sufficient
[66] and should have characteristics relevant to investigate the research question
[47, 68].

A total of n = 222 participants were recruited for the study, with ages from 18
to 79, M = 30.29, SD = 10.32. Out of the participants, 111 were male and 111
were female. The participants received £ 0.75 as compensation for participating
in the survey which had an average completion time of 3 minutes 43 seconds. The
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participants resided in Western countries, mainly the United States, Canada, or
Europe. The participants responded if they considered themselves experienced with
tracking on a 5-point Likert scale from Strongly disagree to Strongly agree. The
mean value for the tracking experience was 3.45 (SD = 1.17), where 3 refers to the
middle value with the textual answer being "Neither agree nor disagree".

5.4 Apparatus
Since the study was using an online survey format, the only material the partic-
ipants interacted with was the survey itself. The survey contained all necessary
information, descriptions, and visualisations. All participants answered the same
questionnaire questions, with the only difference being which condition they were
randomly assigned to.

Data was collected through the survey created with the Qualtrics XM platform,
found here; https://www.qualtrics.com/. This tool was chosen because of the many
features it offers. A large number of available templates, several question types, and
facilitating randomly assigning conditions to participants, to mention a few. The
survey contained a short consent form, a section about possible influential factors,
and a section measuring the participant’s trait reflection. The participants were
then assigned to a condition before reaching the following two sections of the sur-
vey, measuring the dependent variables reflection and engagement respectively. All
participants regardless of condition were presented with an optional open question
at the end of the survey.

5.4.1 Reflection Scale
Most studies within personal informatics focus on how to create tools that effec-
tively support self-reflection and thus support changing behaviours in a long-lasting
way [31]. Because of the importance it has for trackers’ success, it was necessary
to measure reflection. The scale used to measure reflection was the Technology-
Supported Reflection Inventory (TSRI) [11]. The TSRI is artefact-centric and is
intended to facilitate researchers to compare designs against each other in terms of
their ability to elicit reflection in users. When developing the scale, it was tested
using Fitbit dashboards, i.e. fitness data visualisations, making it appropriate for
this study. It has also been used in a number of works on abstractness and tracking
data [12, 46, 63].

In addition to measuring reflection, trait reflection was measured using parts of the
Rumination-Reflection Questionnaire (RRQ) [97], as suggested when using the TSRI
[11]. This is to analyse the participants’ individual differences, as reflection is both
due to people’s reflective personality traits and the current state. The difference
in which different visualisations can elicit reflection in users cannot be adequately
assessed unless trait reflection has been controlled and used as a covariate for the
analysis. Previous works have used this scale as well [12, 63, 74].

Other options for reflection scales are the Groningen Reflection Ability Scale (GRAS)
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[5] and the Self-Reflection and Insight Scale (SRIS) [42]. Both the SRIS and GRAS
measure the reflective capacities in a person and are based on the Psychology insight
that reflection is tied to a person’s personality [11]. However, interactive technologies
can influence the user’s reflection capacity as well, and certain qualities affect an
interactive technology’s ability to support reflection. These reasons together with
the fact that the TSRI is artefact-centric are the motivation for choosing said scale
to measure reflection.

5.4.2 Engagement Scale
Another important aspect of personal informatics is engagement. As many current
systems struggle with engaging users [43], it was relevant to measure the effect the
different visualisations have on user engagement. To measure engagement, the short
form of the User Engagement Scale (UES) was used [79]. Studies evaluating digital
technologies with Western adult populations have been used during the development
and testing of the UES. Considering how both the same user group and domain are
used in this study, the scale was deemed fitting.

Another widely used engagement scale is the Utrecht Work Engagement Scale (UWES)
[88]. However, this scale focuses on measuring engagement within the work environ-
ment, aimed at students and employees. The UES on the other hand has been used
in many different digital domains [79] as well as in work focused on ambiguity [46].

5.5 Procedure
The participants start the survey by themselves through Prolific and are first pre-
sented with a text describing the purpose of the study. The text also describes what
will happen in the study, what is expected of the participants, and that the answers
will be anonymised. Participants are informed that the study will take approxi-
mately 5 minutes to complete and that it is voluntary with participants having the
right to withdraw at any moment. This information together with acknowledging
being over 18 years old must be consented to for the survey to continue. If it is not
consented to, the survey ends.

The next section of the survey included a field where participants entered their Pro-
lific ID so that their demographic data could be recorded, and a question regarding if
they consider themselves experienced with fitness tracking. After that, participants’
trait reflection is measured using the 12 items from the RRQ [97].

Participants are then randomly assigned to one of the six conditions; LowC, LowNC,
MediumC, MediumNC, HighC, or HighNC. Regardless of the condition, the partic-
ipants were presented with a short vignette, describing a scenario in which the
visualisation could be found and used. With the perspective of the person in the
scenario and the visualisation in mind, participants were asked to answer the 9 items
from the TSRI [11] to measure reflection and then the 12 items from the UES-SF
[79] to measure engagement.
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The survey ends with an open and optional question asking participants if they
have any additional comments or questions regarding the visualisation they were
presented with. The last page thanks the participants for their time and redirect
them back to Prolific.
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Study II: Interviews

The second study was conducted as semi-structured interviews. The purpose was to
explore the visualisations in the intended context in order to gather deep qualitative
insights. The interview questions were based on the results from Study I. The
visualisations were explored using FlyFit and the application was in turn assessed
in terms of usability.

6.1 Study Design
The interviews were semi-structured to allow for additional questions when necessary
while still keeping an overall structure to not make the process of analysing too
complicated. Semi-structured interviews tend to be more appropriate when the goal
is to dig deeper and search for critical comments, while structured interviews work
best when there is a need to compare responses [56].

The reason behind my decision to conduct interviews following the survey was that
interviews are useful for collecting detailed qualitative data. While surveys are good
for gathering many people’s opinions through the large number of participants that
can easily be used, the data tend to be limited and "shallow" [56]. Interviews were
also chosen as the follow-up method rather than, for example, a focus group or a
case study, because of the method’s wide use within the field [31], present in many
studies [2, 21, 34, 58].

The semi-structured interviews were based around FlyFit with the visualisations
included. It was also combined with a short questionnaire, used to measure the
usability of the application. By combining the interviews with an artefact, it became
more productive [15]. It is also a common strategy to combine interviews with
another method such as a questionnaire since collected data can be verified through
the use of other means. The interview protocol can be seen in Appendix D.

6.2 Participants
Convenience sampling [3] was used to recruit most of the participants, meaning that
available people nearby were recruited. Snowball sampling [3] was used to recruit
one of the participants, meaning that a participant recruited another participant in
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turn. These sampling methods are fast, efficient, and easy to use, but often result in
some bias making the results non-generalizable for most aspects. However, since the
results from Study I would be the main basis used to answer the research question
and the purpose of this study was mainly to enrich those results, I believed these
sampling methods were sufficient.

The requirements for the participants were the same as in the previous study. The
only addition was that participants also needed to own an iPhone since the applica-
tion was made to handle data extracted from the Apple Health application. A total
of n = 9 participants were recruited for the study, with ages from 21 to 58, M =
37.11, SD = 15.87. Out of the participants, 2 were male and 7 were female.

I believed that using nine participants for the study would be sufficient. Since there
are no general guidelines for how many participants should be used in an interview
study, the best direction is to look at other studies within the field [56]. Between 10-
12 participants have been used in a few other studies with interviews [2, 12, 41, 57].
For the usability part of the study, nine participants were enough as well. Not only
because the scale used has shown to be effective on very small samples [14], but also
because usability evaluations in general only require a small number of participants
in order to reveal most problems in an interface [66].

6.3 Apparatus
The interviews were conducted as one-on-one sessions lasting for approximately 10
minutes, with the shortest taking 5 minutes 49 seconds and the longest lasting for
17 minutes 49 seconds. The audio was recorded using a phone and the recordings
were only used to transcribe the interviews afterwards. A HP omen laptop was used
to run the application, allowing the participants to try FlyFit on an emulator. The
same laptop was also used to let the participants fill out the short questionnaire.

Data was collected through audio recording and the questionnaire. The question-
naire was created using Google Forms with only a section for measuring usability.
Demographic data was collected orally. Due to the simplicity of this questionnaire,
and because the interviews were the main focus, Google Forms was considered a
sufficient tool.

6.3.1 Usability Scale
Testing the usability was simply to assure that, even if the application was simple,
poor usability didn’t affect the results or took away the focus from the relevant topic.
Usability is also an important aspect of interaction design, making it an appropriate
measure. To measure usability, the System Usability Scale (SUS) was used. It is
a widely used scale [8] with both high reliability and validity [14], which are the
motivations for why it was chosen for this study. Since the purpose was only to
check the usability quickly, it was considered unnecessary to have an elaborate scale
such as the 50 items Software Usability Measurement Inventory scale (SUMI) [53].
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6.4 Procedure
Participants were asked if they consented to take part in the interview and to have
the audio recording, being assured that the audio recording would only be used to
transcribe the responses and that their participation would be anonymous. The par-
ticipants were also introduced to the topic and approximately how long the interview
would take. If these aspects were consented to, the participants were asked to send
their current step count data. This was imported into FlyFit and the participants
were then allowed to try the application freely. The participants first inputted a
step goal into the application and then examined how their own step count status
was visualised in terms of their progress towards their set goal. Participants were
allowed to go back and change the goal for the interviews, so they could see how the
visualisation changed depending on how close or far their current step count was
from the goal they set.

When the participants appeared satisfied with trying the application, they were
asked to fill in the questionnaire regarding usability. After the questionnaire had
been completed, the audio recording started and the first interview question from the
scripts was asked. Participants were encouraged to continue using the application
during the interview and to answer the questions in as detailed as possible. When it
was deemed necessary, follow-up questions were asked as the interviews were semi-
structured.

The interview questions were divided into three categories; Comparison, Design,
and Interpretation. A total of 15 questions were prepared for the interview script,
including some optional which were dependent on the participants’ progress shown
in the visualisations and how they responded to the other questions. The ques-
tions were about how participants experienced the visualisations and the designs,
focusing on both shape and colour. There were also some questions to judge how
well participants could interpret their results from the visualisations. The interview
ended with participants being thanked for participating and asked if they had any
additional comments or questions.
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7
Results

This section covers the results of the two studies. The results from study I will be
presented first, including an analysis of the reflection and engagement scores, and a
summary of the comments received through the optional open question. After that,
the results from Study II will be presented, which include the usability scores and
an analysis of the responses during the interviews.

7.1 Study I Results
The results from Study II are divided into two quantitative parts and one qualitative
part. The quantitative parts consist of the results from measuring reflection and
engagement, and the qualitative part consists of a summary of insightful comments
from the optional open question.

7.1.1 Reflection
The average TSRI [11] score across all conditions was M = 38.36, SD = 11.98,
with the lowest score of 9 being recorded for the MediumC condition and the high-
est score of 63 being recorded for the HighC condition. Using R for the analysis
(https://www.r-project.org/ ), I conducted a two-way ANOVA to determine the ef-
fect of the Abstraction level and Goal Completion on the TSRI score, where the
trait reflection was controlled. Figure 7.1 shows box plots for the three levels of
abstraction.

There was a significant effect of the Abstraction level on the TSRI scores, F(2,
215) = 4.483, p < 0.05, but no significant effect of Goal Completion was found.
A significant effect of the trait reflection score, the covariant was found, F(1, 215)
= 7.738, p < 0.01. Post-hoc tests using Turkey HSD revealed that there was a
significant difference between the pairs Low-Medium and Low-High at p < 0.05,
but no significant difference between the pair Medium-High. The perceived lack of
difference in terms of reflection between Medium and High can also be seen in Table
7.1, with the two levels’ mean and standard deviation being notably close.
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Level M SD
Low 41.62 9.48

Medium 36.47 12.78
High 36.91 12.88

Table 7.1: The TSRI score mean and standard deviation for the three levels of
abstraction.

Figure 7.1: TSRI scores for the three levels of abstraction, where Low scored
significantly higher than the other two levels.

I also analysed the subscales of the TSRI; Insight, Exploration, and Comparison. A
significant effect of the Abstraction level was shown on the Insight and Exploration
subscores, F(2, 215) = 3.297, p < 0.05, and F(2, 215) = 5.702, p < 0.005 respectively.
No significant effect of the abstraction level was found on the Comparison subscale.
However, with a p-value of 0.0554, the interaction effect between the abstraction
level and the goal completion was close to being significant for this subscale. No
significant effect of Goal Completion was found on any of the subscales. Table 7.2
shows the mean values of the subscale scores.

Level Insight M Exploration M Comparison M
Low 13.51 15.37 12.74

Medium 11.82 13.12 11.52
High 12.13 13.34 11.43

Table 7.2: The TSRI subscale score means for the three levels of abstraction.

7.1.2 Engagement
The average UES-SF [79] score across all conditions was M = 37.86, SD = 8.44,
with the lowest score of 15 being recorded for the LowNC condition and the highest

56



7. Results

score of 56 being recorded for the HighNC condition. A two-way ANOVA was used
to determine the effect of the Abstraction level and Goal Completion on the UES-
SF score. No significant effect of the Abstraction level, Goal Completion, nor any
interaction effect was found.

Condition M SD
LowNC 35.81 9.31
LowC 39.57 7.65

MediumNC 38.47 7.74
MediumC 37.13 8.11
HighNC 36.81 9.16
HighC 39.36 8.44

Table 7.3: The UES-SF score mean and standard deviation for the six conditions.

Figure 7.2: UES-SF scores for the six conditions, where no significant effect was
found.

7.1.3 Open question
For the optional open question, the majority of participants chose not to leave
any response. Out of the responses, most were on the condition with Medium or
High abstraction. The responses left on the conditions with Low abstraction were
mostly positive; "Everything was great." (P52, LowNC ), "Easy to understand" (P157,
LowNC ), and "It’s clear and concise" (P200, LowC ).

A few responses were left for the conditions with Medium and High abstraction, voic-
ing different concerns. Some participants found it difficult to interpret the progress
being visualised: "It didn’t make it easy to know whether the steps undertaken were
enough - it didn’t offer any detail and I wouldn’t find this overly useful." (P32,
HighNC ), and "Makes it difficult to see how much I have left to do, because all the
pieces of the butterfly are not the same size." (P49, MediumNC ). Some also thought

57



7. Results

that the condition with High abstraction, in particular, was not specific enough:
"the blurred outline doesnt help at all. not specific enough" (P134, HighNC ), "I felt
it didn’t really give any specific information." (P178, HighNC ), and "It’s too simple,
too few information." (P204, HighC ).

Other concerns were the usefulness of the designs when comparing days; "too abstract
a way to track it and compare against other days etc." (P40, HighNC ). Additionally,
another participant expressed interest but believed the design could be revised; "I
thought having a visualization was interesting though I believe there are versions that
may fit better than a butterfly." (P11, MediumC ).

Some participants brought up the lack of numbers to accompany the visualisations;
"It has no actual data, with numbers, but numbers can also be boring with time,
its good visualization but with numbers it would be better." (P110, MediumNC ), "I
think numbers help establish a sense of accomplishment. [...]" (P175, MediumNC ),
"The visualisation was too abstract. I prefer numbers." (P167, LowC), and "Added
a percentage along with the visualization would be good." (P122, MediumNC ).

As for ways to improve the design, one participant brought up the use of colour
customisation, which could make the visualisations more personal; "I think allowing
personalization of colors would be great! " (P173, MediumNC ).

7.2 Study II Results
The results from Study II are divided into a quantitative and a qualitative part. The
quantitative part consists of the usability scores measured with the SUS [14], and
the qualitative part consists of the themes emerging from analysing the interview
data. Table 7.4 shows the demographic data of the participants.

Participant Gender Age SUS score
1 Female 23 85
2 Female 43 90
3 Male 58 87.5
4 Female 56 57.5
5 Female 26 80
6 Female 21 87.5
7 Female 54 97.5
8 Male 22 60
9 Female 30 90

Table 7.4: Demographic data of the participants in study II, together with their
SUS score.
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7.2.1 Usability
Based on the answers from the questionnaire, each participant’s SUS score was
calculated following the directions from the author [14]. The average score was
81.66 (SD = 13.80), and each score can be seen in Table 7.4. Since a score above 68
is considered above average and a score above 75 is considered good, the usability
of FlyFit should not have affected the experience negatively overall.

7.2.2 Interviews
The interviews were transcribed and then analysed using Thematic Analysis, as
described by Blandford et al [3], with open coding. This analysing method has been
used in other works on personal informatics [12, 74]. The analysis was done using
the Atlas analysing software https://atlasti.com/ and the initial coding was done
through the software’s automatic AI coding. The initial codes were revised and new
codes were added through an iterative process. A total of 58 codes were generated
and then grouped together to create three themes. The identified themes, Aesthetic
representation, Enticement, and Comprehension, are described below together with
excerpts from the interview data.

Aesthetic representation: When shown the visualisations, the majority of partic-
ipants preferred Medium abstraction and expressed strong positive feelings towards
it. Fun, pretty, interesting, and original was a few words used to describe it, includ-
ing:

Beautiful. I love it [Medium]. It’s the best one. (P1)

It’s [Medium] fun, it’s new. It’s pretty. (P5)

Most participants liked Low abstraction but were neutral towards High abstraction.
For most interview questions, participants answered them based on, and compared,
Medium and Low abstraction, expressing disinterest in High abstraction altogether:

I don’t feel much from the second butterfly. (P7)

Participants were encouraged to think about the shape of Medium and High abstrac-
tion and what it represents. The participants clearly recognised it as a butterfly and
were generally very positive toward the shape, founding it fitting. Because of how
butterfly wings look in nature, it made sense to have the sections like the ones
present in Medium abstraction. Additionally, while one participant mentioned see-
ing no connection between the butterfly and activity, a number of the participants
could. Participants indicated that the butterfly represented transformation, free-
dom, and rapid movement, finding a butterfly to be pretty active. Reflecting on
other options, the only other suggestion was a tree and mentions of things that
would be inappropriate to use, such as a spider. Inanimate objects were also found
to be unfitting:

No, I think a butterfly is quite fitting and a good choice, a dog or cat
would be kinda random and butterflies kinda represent transformation
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and endurance or something along the likes of that and I associate keeping
track of your steps with that since it’s most likely to make sure you work
out or move enough. Also, butterflies are pretty enough to kinda keep
your attention, an inanimate object would also just be kinda random.
(P6)

Most participants appreciated the colour choice and expressed their positive feelings
for blue. This, together with the use of a gradient, made some participants more
appreciative of the design of Low as it appeared more aesthetically pleasing than
regular bar charts tend to be. In relation to colours, some participants also men-
tioned the possibility of customisation, in order to make the visualisations appealing
to a wider group of people:

Love it, love blue, love gradients, love the contrast so the colours are
perfect in my opinion, maybe it’d be cool for the option to change the
colour in case someone’s fav colour is green or something. Very pretty.
(P6)

Just like with the shape of the design, the participants reflected on the current
colour and what it could symbolise. Blue was thought to represent sadness and was
perceived as cold by some, while others thought blue could symbolise calmness and
comfort. One participant mentioned relating blue to hospitals and thus seeing the
colour as healthy, while another thought blue was a happy colour because of the
love the participant had for said colour. Even though blue wasn’t seen as the most
motivating colour or as having a connection to activity, it was preferred over having
a colour that could indicate pressure or be stressful:

Blue is a calming colour. Red and orange would have been worse. Even
though it is for physical activity, calm colours are better than stressful
ones. (P3)

Enticement: Having a clear preference for Medium abstraction and its design,
participants saw the butterfly as a motivation to use the application and be active.
Participants referred to it as "filling in" the butterfly or completing a puzzle, which
increased interest and created an incentive to interact with the visualisation:

I think it could be motivating. I mean, uh, like putting a puzzle together.
You’re sort of getting closer to this goal in a sort of slightly vague way,
which is kind of nice. (P5)

The smaller butterflies which represented progress past the goal in Medium and High
were clear to all participants. They were perceived as "rewards" for completing a
goal and obtaining them was referred to as an "achievement" or "success". Having
this aspect included in the design was found to be motivating for participants to
reach, and even pass their goal:

I think I’ve done very, very well. Because especially like on this one
[Low], yes, you can see the extra stuff like above, but that’s basic. But
when you see the butterfly with like extra butterflies. That’s like oh. I
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did. I did better than I was supposed to. [...] It gives you a bit of an
incentive to like go above the goal. And to do more. (P1)

Comprehension: High abstraction was found to be difficult to interpret. On
the other hand, all participants thought Low abstraction was clear and easy to
use, having little trouble interpreting their results from it. Some participants felt
confident interpreting their progress using Medium abstraction as well:

I can clearly see in the bar chart that this [the goal line] is the goal, and
in the butterfly, I can see that the goal is to fill in the butterfly. The
section in the butterfly is a percentual part of the process I believe. The
differences in sizes have no meaning, I think, and each shape is an equal
part of the whole thing. For me, this makes my current progress clear.
(P3)

One aspect affecting participants’ comprehension of Medium was the use of the
colour blue with different levels of brightness, not as a gradient but as several single
values. The brightest blue appeared as white, which made some participants ques-
tion if this meant the section was not completed or if they had not reached their
goal yet:

It confused me a little bit in the beginning, cause I was like, OK, so I
was thinking maybe that it was that the light colours were worth more or
less or something, and together they reached a value in some way, but
I assume now that they were just static colours that then were filled in
random or by a determined span of some sort. So I mean, I guess they
were confusing, but it’s not a problem if you just get used to it. (P5)

Another aspect, which was brought up by next to all participants, was the need
for numbers. The desire was to have either the exact number or the percentage
displayed, but it was not needed to be available at all times. Nevertheless, there
was a strong desire that numbers should be available in some way if the user wants
to know his exact progress. This desire was strongest for Low abstraction because
of its design as a bar chart and thus feeling "natural" to have numbers. For Medium
and High, some participants thought the current relative indication was enough,
while some considered numbers to be necessary there as well:

As in the diagram with the bars is always very easy to read, but I missed
in the bar, numbers. I would like to have seen a scale on the bar. I would
like it to have a number showing how many percentages are finished in
the other ones [Medium/High]. (P4)

As mentioned in related work, the benefits of having multiple visualisation options
were brought up frequently in the interviews as well. Participants wished to have
the option to choose since many believed Medium or High abstraction didn’t work
alone because of the difficulties in making an accurate interpretation. When the
notion was reflected on more deeply, participants thought the best idea was to have
only one visualisation displayed at once and that it could be switched out in settings
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for example:

I definitely think it could be nice if you were allowed to choose which one
of the visualisations you want to have as like, your standard, but then
also being able to change that or like go and look at the other ones. I
mean seeing the data in this way in the butterfly is a bit different than
seeing it in this way [Low]. Like if you have this one [Low] you can more
clearly, in a way I guess see it climbing upwards. Uh, but this is [Medium]
definitely a more fun way of visualising it. And I feel like there’s more
like an incentive to keep walking, to keep filling in the squares. So I think
having a choice is definitely the best way to go about it. (P1)
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Discussion

In this thesis, I explored to what extent abstractness has an effect on relevant fitness-
tracking aspects such as reflection and engagement. This was done through an online
survey followed by interviews. This section discusses the findings and how they can
be used in future research on personal informatics and the use of personal informatics
tools. Motivations for choices as well as limitations are also included.

8.1 The Process
An aspect of the process that could be commented on is the fact that Study II was
started before Study I was completely finished. Although the direction of Study II
relied on the results from Study I, this decision was made due to the time constraint
of the project. However, Study II wasn’t started until the results from Study I
indicated in which direction it would go in, following the recruitment of the first
batch of participants. I thus believe that this arrangement of the process did not
affect the outcome of the studies or the results.

The results from Study II were largely in line with the results from Study I, which val-
idates the method used during this project as similar results were achieved through
different study designs. Nevertheless, when deciding on the study design, many
factors and options were taken into consideration. For example, instead of using
Prolific to recruit participants for Study I, flyers could have been handed out on
campus as there are often doubts about the validity of participants recruited online.
The kind of manual work that comes with handing out flyers has other limitations
though, mainly the reduced number of participants that would likely be recruited. A
too-small sample size is a factor that decreases external validity. Additionally, about
half of the participants recruited for Study II were people from campus, and since
the results were similar to Study I, the validity of the Prolific recruited participants
is strengthened.

For Study I, a pilot study was run after the study design had been decided on in
order to verify that the design was acceptable before the survey was released to
a large number of participants. A pilot study was also run after the context had
been added to the visualisations and since no changes were made following that, the
results from the second pilot study were included in the overall results. Running
pilot studies is a way to reduce systematic errors, also called biases [56], which are
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error that offsets results in one direction and reduces the reliability of an experiment.
Specifically bias caused by the experimental procedure can be reduced following the
run of a pilot study.

Although reasons for why interviews and a survey were used have already been given
in the chapters dedicated to each study, I will motivate those decisions a bit further.
First, one strength of using a survey was that bias caused by an experimenter’s
behaviour [56] could be removed, since there was no direct interaction between
the experimenter and the participants. Additionally, using a survey and interviews
allowed for the collection of individual opinions. The solution for the studied problem
requires an adaption, and individuals have different opinions on what the best fit is.
Group opinions are not the answers relevant to this project, which further explains
the decision to not use focus groups.

One design motivation for the application created during this project was the use of
a daily goal in order to be flexible for users’ different opportunities on different days.
This problem can also be solved by having primary and secondary goals, which have
been shown to be appealing [71]. Although this aspect might not have been a crucial
factor for the turnout of study II, it is still worth mentioning that this design issue
can be handled in several ways. The chosen way was simply used because of the
better fit it had for the study and its purpose.

8.2 Findings
The results can be summarised as Low abstraction being the clearest and easiest to
use, while Medium abstraction was considered most motivating and appealing. High
abstraction wasn’t particularly interesting altogether. This is similar to what has
been found in previous research, which was also mentioned in Chapter 2, Related
Work, where previous studies found charts to be better for readability and finding
specific information, while abstract visualisations were more appealing and sparked
an emotional response [34, 96].

8.2.1 Reflection
The results from Study I showed that the Abstraction level had a statistically sig-
nificant effect on the TSRI score, which was used to measure reflection. The vi-
sualisation with Low abstraction performed significantly better than Medium and
High, which means that Low abstraction was better at supporting users in reflecting
on their progress and data. This was also shown in Study II, where all partici-
pants expressed finding Low to be the most understandable and easiest to interpret.
The factors that made participants in Study II express their overall preference for
Medium abstraction included motivation, appeal, and novelty. None of these aspects
was measured during Study I, so whether Medium actually performs significantly
better on these aspects is still unknown.

Despite past work indicating that people reflect to different extents depending on if
they have completed their goal or not [40], the results showed that Goal Completion
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had no effect on the TSRI score. This can also be considered a positive result
since the visualisations were designed in a way that didn’t appear to affect the
user in a negative way when the goal had not been completed. In addition, one
of the behaviour change principles stated that technologies should reward desired
behaviour and not punish undesired behaviour [24]. These results validate that the
design indeed can be considered Positive, together with how participants referred to
the small butterflies (showing the goal being completed) as rewards or achievements
in Study II.

While Low abstraction had a higher mean score for all subscales of the TSRI, it
was only significant for the Insight and Exploration subscales. Low was thus better
at providing insightful information to the user as well as easier and more enjoyable
to use for exploring the data, while not significantly better when it comes to using
the visualisation to compare with others. This could be due to the fact that the
visualisations only visualised the user’s own (hypothetical) data together with the
goal, which inherently is a representation of the user’s own "battle" to fulfil the daily
goal he has set out. This might be unfitting to compare with others. The data in
question is also considered personal, which can be a reason for the low eagerness to
share it with others. This hypothesis was partly supported during Study II. When
participants were asked to send their daily step count, if they had done badly that
day, according to themselves, many were quick to give a "heads-up" and explain
why that was the case. Some also suggested using the data from another day where
they had performed better instead. This stresses the need for abstraction, and other
methods, to keep the data private when used or displayed in a public setting.

8.2.2 Engagement
There was no significant effect of Abstraction or Goal Completion on the engagement
score, but there are still some interesting aspects that can be seen from studying
the results. For instance, for the conditions with Low and High abstraction, the en-
gagement scores were generally higher when the goal had been completed compared
to when it had not. For Medium, the case was the opposite.

It is also interesting to note that High abstraction had the largest standard devi-
ation. It appears that the higher the Abstraction level of the visualisation is, the
greater the variation is between how people find it engaging. My interpretation of
this is that abstractness, and its usefulness, are perceived differently by different
people and could possibly be affected by certain personality traits, just like a per-
son’s reflectiveness is affected by trait reflection. This is somewhat supported by a
comment left by a participant in study I, finding the Low abstraction visualisation
to be "too abstract".

8.2.3 Design issues
The importance of including numbers in visualisations was brought up by several
participants in both Study I and II. These comments were made on both Low and
Medium abstraction. No such comment was specifically mentioned on High abstrac-
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tion, but given the results overall, it is possible this would be desired for High as
well. Cooper [25] has brought up the fact that, while visualisations are highly effec-
tive and should be used, they should not replace raw data (i.e. numbers) but rather
be used together. Tracking is also often associated with exact numbers, which can
make users expect feedback to be presented in a certain way [41]. However, since
the purpose of the studies was to compare the visualisations and people’s abilities
to use the visualisations to collect insights on their progress, all other elements were
excluded. On the other hand, the results might have turned out differently if num-
bers had been included, and it is clear that it is necessary to have numbers available
in some way for an official application to be successful.

A notable comment that was made by a few of the participants in Study II was
that the colours in Medium were confusing. Unlike Low and High, Medium does
not have a gradient and instead uses single colour values, because of the sections.
This, together with the decision to have the sections filled in at random seems to
have made participants lose the connection between deeper colours and being closer
to the goal, a connection one participant pointed out. The loss of connection is
naturally understandable given the current design, and this is something that would
need to be addressed if the design is going to be studied further in the future. Two
ways to solve it are to either have Medium abstraction grow from the middle like
High does or to have the shape be a gradient like High but still have the sections
filled in at random. Figure 8.1 shows what the second suggestion would look like.

Figure 8.1: An alternative version of the Medium, based on responses from Study
II.

Although not mentioned as often, there were also comments about if the different
section sizes had any meaning. This was not the case, but it is understandable that
participants questioned it. Nevertheless, the design was also supposed to be abstract,
so every part of the design will not necessarily be clear to every user. However, it is
still important that a visualisation can be interpreted by the consumer fairly easily
or it will not be particularly useful. Insights can, after all, not be derived from data
unless it is interpretable, understandable, and accessible [48]. Evidently, the studies
showed that there are a number of issues with the design created during the work
of this thesis and that there is room to improve the designs to make them more
effective.

66



8. Discussion

8.2.4 Privacy
The main motivation for exploring abstract visualisation in the first place was the
need for privacy, something not always discussed within personal informatics despite
its importance [31]. Somewhere along the work of this thesis, the privacy factor was
somewhat lost. The vignette in Study I included the visualisations being viewed in
public, but the scales used to measure the visualisations don’t focus on the public
aspect. So while Low abstraction was significantly better at supporting reflection,
the other designs still have the potential for other aspects of the tracking experience.
Interestingly enough, the only subscale Low abstraction wasn’t significantly better
on was Comparison, the scale closest to tackling the public aspect.

Evidently, people still had strong feelings towards the more abstract designs, in
particular the Medium one considering the responses from Study II. In addition,
Medium and High abstraction certainly are more private than the Low abstraction
bar chart, since it is not obvious to outsiders what they represent. As I said, the
privacy aspect was partly lost during the process and more focus could have been put
into it during the interviews to explore that aspect more. The interviews showed,
after all, that participants saw benefits to having several visualisation options. Using
both a visualisation that supports reflection and is easy to accurately interpret, such
as the bar chart, and using an abstract visualisation that is fun, motivating, and
private, could potentially lead to the most comfort for the user together with the
enticement to track long term. This is supported by previous work suggesting that
engagement and enjoyment can be increased over time following the use of both
abstract art and charts [34, 96].

Dividing user interactions with their tracking devices into glances and engage ses-
sions was mentioned in Chapter 2, Related Work. Thinking in those terms and
considering past research [34, 96] as well as the research done in this thesis, the bar
chart could possibly be the best fit for engage sessions while an abstract design could
be the best fit for glances. While in public, the most prominent type of interaction
is likely glances. It is thus not necessary in those situations to have a visualisation
that allows the user to reflect and interpret an exact progress status (i.e. a bar chart
for example). Glanceable feedback has after all a strong effect on an individual’s
behaviours and as mentioned by one of the participants in Study II, just knowing
that the user needs to walk more might be enough when out in public. So, there is
partly evidence that abstractness contributes to privacy.

8.2.5 Ease of Use VS Attractiveness
An important finding was that Low abstraction was easier to use while Medium
abstraction was considered more attractive because of its appeal and motivational
properties. A simple way to describe the two terms in this context would be that
ease of use is how easily a user can obtain insights, understand her progress, and
get the answers she seeks, while attractiveness would describe a visualisation being
pleasant and appealing to look at and interact with. When something is easy to
use, it can become attractive, but generally not the other way around. Designing a
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visualisation that has both aspects or finding a good balance between the two has
proven to be difficult during the work of this thesis.

It is possible that the higher attractiveness of Medium abstraction was due to novelty
though, as the design was something new while Low abstraction was of a bar chart
that people commonly are presented with. To properly establish the attractiveness
of Medium abstraction, it would need to be studied during a more extended period
of time.

8.3 Social Impact
The two studies, Study I and Study II, used the visualisations designed during this
project, called Low. Medium, and High abstraction. These specific designs repre-
senting different levels of abstraction emerged from the ambition to explore concrete
and abstract visualisation techniques. To relate my results to the initial area of in-
terest, my results indicate that concrete visualisations are better for supporting users
(ease of use), while abstract visualisations appear to be more promising regarding
attractiveness.

Since these studies were conducted using step count as the data, a commonly tracked
area within fitness tracking, it is likely possible to generalize the findings to other
areas within fitness tracking as well. It is unknown if it is possible to generalize the
results to other areas of personal informatics though, such as finance and location
for example.

The motivations for exploring fitness tracking, in particular, are health and well-
being. Changing behaviours and obtaining a healthier lifestyle are the main mo-
tivations for tracking physical activity, but the many existing challenges hamper
many trackers’ progress. Developing better visualisations is just one of the many
aspects that must be explored to reduce those challenges. My contribution to the
field of personal informatics is that we now know a little more about different types
of visualisations fitting for displaying fitness tracking data. The goal of exploring
personal informatics is not to design the very best tool but to design tools that help
people in the process of improving their health and well-being.

8.3.1 Ethical Issues
A number of ethical issues were taken into account during the work of this thesis.
Since the thesis’ focus was to study visualisations with the use of a mobile interface,
the ethical issues were mainly those related to mobile interfaces. A prominent issue
with mobile interfaces is accessibility. For example, a large part of the population
has low literacy, and those users need certain considerations when designing a mobile
interface [17]. Considerations should also be taken for novice users [69], older people
[29], and people with disabilities [7], which are just a few examples.

Another ethical concern is the use and collection of personal data, which is the very
core of self-tracking. Personal data can be sensitive which leads to issues about
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privacy. A mapping of personal informatics literature showed that only about a
third of the publications reviewed explicitly mentioned privacy or ethical concerns
[31]. Some system actions to mitigate privacy concerns were suggested in these
publications, such as encrypting data, limiting the captured data types, and keeping
data abstract.

While self-tracking can be helpful and support people in changing their behaviour
for the better, it can also be negative for some people’s mental and physical well-
being. For example, while a person can become aware of her stress levels when
presented with her stress data, seeing it displayed can also intensify her stress [50].
Because of this, it is important how and when feedback is displayed, and the way
it is represented matters. Self-tracking can contribute to a problem if the person
has obsessive habits, and it is therefore not always a good management strategy to
closely monitor one’s behaviour.

Using negative framing techniques (for example highlighting unmet goals rather than
achieved goals in charts) when presenting tracking data can evoke strong negative
emotions in users, such as frustration, annoyance, and discouragement [63]. Negative
feedback can also make users feel stressed and pressured [74]. Instead, data should
be displayed in a way that can empower people to grow and improve their ability
to cope with potentially unmet goals which often is perceived as a failure. If there
is a compelling reason for displaying negative data, it should be done in a way that
doesn’t discourage or demotivate the user [50].

Considering the scope of this thesis, it was not possible to focus on all of these
aspects. Ultimately, the focus was on privacy and how to keep data abstract by
exploring abstract visualisation techniques. Accessibility was also focused on to
some degree by using Material Design, which has accessibility standards built into
code and design, such as scalability across different screen sizes. Lastly, avoiding
negative framing techniques and instead keeping the visualisations neutral and/or
positive was also an important aspect of the designs developed.

8.4 Limitations
A limitation of Study I was the use of a vignette. A belief does not equal action.
Just because the results show that participants believed Low abstraction offered
more opportunities for reflection doesn’t necessarily mean that people will actually
reflect more following the use of that visualisation when used "in the wild". However,
previous work on the vignette study method has shown that it can generate similar
results to what real-world experience would [44] which is why the method can still
be highly effective. Another limitation was the use of hypothetical data instead of
participants’ own data, which decreased the ecological validity [12]. A number of
confounding factors emerge from exploring personal data though, which wouldn’t
be possible to reliably measure. This is the motivation for the study design being
the way it is. The use of personal data was instead used in Study II to allow for
exploration where the setup and data collection were different.
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There were also limitations to Study II. Since this study used a designed interface,
the feedback received from the participants was influenced by it. While the design
was very simplistic and followed many guidelines and principles of designing an
interface, any design will still have an inherent bias [12]. To increase the validity
of results, different interface designs should be explored and studied. Additionally,
there was also an uneven gender distribution. For Study I, this was controlled
through the recruitment process, but due to the convenience sample used in Study
II, this aspect wasn’t controlled to the same extent. This uneven distribution has
occurred in other personal informatics studies as well, such as having a 20% and
80% distribution [2], or even 100% of one gender [41]. While not appearing to
be detrimental considering previous work, a better distribution would have been
desirable and also better for the result. The convenience sample recruitment method
could also have caused social desirability bias to some extent, with the participants
wanting to give positive feedback because of their relationship with the researcher.
However, 1/3 of the participants from Study II were not familiar with the researcher
prior to the interviews, so this bias was likely limited.

One criterion for the participants was that they should have limited experience with
tracking due to some aspects of the visualisation designs (such as single-day data).
This was not measured in Study II since the convenience sampling method was used,
so the tracking experience could be regulated. For Study I, the reported mean value
for the tracking experience was 3.45, which was a bit higher than what was originally
desired. Possible bias because of the participants’ tracking experience should thus
be recognised. In addition, possible bias because of the participants’ experience with
analysing visualisations, and in particular, abstract visualisation, was acknowledged
but ultimately not measured in either of the studies.

Another important limitation to note is that the project used a population from a
Western background for both studies. Because of this, the applicability of the work
is limited since cultural differences affect how people view different things. This
is however in line with many other published works within personal informatics,
but acknowledging the limitation is still necessary. The project was also conducted
from a Western perspective which together with my positionality results in potential
biases and influences the work as a whole.

8.5 Future Work
I believe that an important subject to explore further is the use of multiple visuali-
sations where the user can decide which to use at a given moment. Comparing the
usage of a bar chart and an abstract design, to what extent the visualisations are
used and in what situations the user decides to use which. Exploring if indeed the
bar chart is used for engage sessions while an abstract design is used for glances, or
if one of them is preferred for both types of interaction. This suggestion is moti-
vated by how both my and previous work has shown the desire users have for being
able to choose between visualisations [80]. Described by Shneiderman [90] as detail-
on-demand, users generally prefer to get an overview with visualisations but want
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details to be available if they desire more information. Exploring this is important
because of the challenges and design issues that still remain with tracking devices.

Another aspect to study further is the customisation of visualisations in tracking
applications. Allowing for customisation was mentioned by participants in both
Study I and II. Something as simple as changing the colour of a bar chart can
make it go from being considered dull and boring to strongly appealing to someone.
This is supported by how one participant in Study II mentioned how much more
appealing the bar chart was compared to regular ones just because of the gradient
used. Customisation makes something more personal, and by being allowed to
personalise one’s space, it becomes more likeable, familiar, and pleasant to be in
[25]. It would be interesting if research could explore if allowing customisation helps
increase engagement in the personal informatics context.

This thesis only explored abstractness using one abstract shape, in the form of a
butterfly. Even though a difference appeared between the Abstraction levels for
these designs, it cannot be guaranteed that the same difference will appear in other
designs with different levels of abstractness. To strengthen the suggestion that
abstractness does affect reflection and that abstract visualisations are superior to
concrete visualisations in terms of attractiveness, more abstract designs should be
explored. It is also of interest to explore more shapes to find out what the best type
of representation could be. While one participant mentioned in Study II how an
inanimate object would be "random", another person might feel like a "living being"
would create pressure because of the feeling of needing to keep that living being
happy.
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Conclusion

This thesis explored abstractness in visualisations when used for fitness trackers and
fitness tracking data. Three visualisations with different levels of abstraction were
designed through an iterative and user-involved process, where two pre-studies were
conducted to involve users. A simple mobile application called FlyFit was then
designed and implemented. This application lets users set a daily goal and asses
their progress using the different visualisations. The work was evaluated through
two studies; an online survey and interviews.

I found that Low abstraction performed significantly better in terms of supporting
reflection in users, which indicates that abstractness indeed has an effect on self-
reflection. No significant effect of the Abstraction level was found on engagement,
which suggests that abstractness does not affect engagement, but that other factors
do instead. I also found that Low abstraction was the easiest to use and interpret,
while Medium abstraction was considered the most appealing, motivating, and a
design that could work as an incentive to continue tracking. This indicates that
concrete visualisations could be more appropriate in terms of ease of use while ab-
stract visualisations could be better in terms of attractiveness. Having the possibility
to choose which visualisation to use amongst alternatives was considered important
by participants.

My results imply that abstract designs can’t completely replace standard visualisa-
tions such as bar charts, but that there are benefits to utilizing both visualisation
techniques to best support users. A potential way forward is to further explore the
use of multiple visualisation options to gain a better understanding of how users
behave and react following this feature. I hope that this work will inspire more
research into the abstraction of fitness tracking data and how it can be used to
increase privacy while still supporting users.
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D
Appendix: Interview Protocol

Introduction

Thank you for participating in our study. This interview will be about visualisations
of fitness tracking data, used in a mobile application. It will not take more than
30 minutes and will include around 15 questions regarding your experiences and
feelings. Your participation in this research is voluntary and you have the right to
withdraw at any point during the study. Your answers will be anonymous and if
you agree to participate, the audio will be recorded for the purpose of transcribing
the responses. Do you consent to participate?

Imagine that you have decided to start tracking your step count to improve your
daily activity and are going to use this application to review your progress. Note
that it is very simplistic, and the focus is mainly on the visualisations.

- Participants get to try the prototype.

- Participants fill out the SUS questionnaire.

Comparison

What are your initial thoughts on these visualisations?

Which visualisation do you prefer?

Why do you prefer that visualisation?

How would you feel about having access to more than one of these visualisations
when using the application?

Do you see any benefits to having these multiple choices available?

Design

What do you think about the design of the bar chart?

(Show medium version) What do you think about the shape of this visualisation?
How do you feel about what it represents?

What do you think about the colour of the visualisations?

IX



D. Appendix: Interview Protocol

Does the colour evoke any emotion in you? Why do you believe that’s the case?

Interpretation

How would you interpret your current step count progress?

Do you feel like you need anything additional to better assess your progress?

How do you believe your continuous tracking would evolve, having these visualisa-
tions in mind?

(If applicable, show high version) What do you believe the smaller butterfly shapes
represent?

End

Thank you for participating in this study. Do you have any additional comments or
questions?

X
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