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Summary
The lifestyle management area has become increasingly important during the past years
due to the present as well as the expected impact on healthcare systems created by
people living longer and with various chronic conditions. The work described in this thesis
is motivated by an individual and societal drive towards empowering individuals with
knowledge and technological means in order to increase self-awareness and lead to
better self-management of personal wellbeing. However, lifestyles are complex and
evolving, therefore when we build systems aimed at this area it is not enough to only
focus on certain aspects of users’ lives. Instead, we need to take a more holistic and longterm view of what is important and try to capture as many aspects of people’s lives as
possible. By doing this we can move from focusing on what happened towards why it
happened and better support users in self-awareness, self-understanding, self-reflection
and, ultimately, self-change.
There is a lot of value in the information we generate through our daily interactions with
computing devices. This thesis presents the work I performed towards creating MyRoR,
an experience platform aimed at lifestyle management scenarios. At the core of this work
is a novel story-inspired paradigm for correlating, abstracting, presenting and sharing
multi-faceted user information through a dynamic and adaptive creation process.
The main contributions of this work consist of: (1) a design framework and realisation of
a novel story-inspired paradigm for modelling, organising and presenting information
within a lifestyle management system; (2) a design framework, architecture and
realisation of a multi-parametric experience platform for lifestyle management scenarios
that can capture varied information, store it, model it, process it, correlate it and present
it to an end user at various levels of abstraction; (3) valuable user-level insights into
experiencing such systems in order to create self-understanding and support selfreflection.
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“Calm technology engages both the center and the periphery of our attention, and
in fact moves back and forth between the two. […]The result of calm technology
is to put us at home, in a familiar place. When our periphery is functioning well we
are tuned into what is happening around us, and so also to what is going to happen,
and what has just happened. […] As we learn to design calm technology, we will
enrich not only our space of artifacts, but also our opportunities for being with
other people. When our world is filled with interconnected, imbedded computers,
calm technology will play a central role in a more humanly empowered twenty-first
century.”
Mark Weiser and John Seely Brown - “The Coming Age of Calm Technology”, 1996

“We humans want to understand and interpret our experience. It is part of who we
are and how we become in the creative, dialogical world in which we live. […] One
of the most impressive features of making sense of experience is the alwaysemerging self that it evokes for us. In the process of making sense of our experience
we get a sense of part of who we are. For example, the realization, only dawning as
you recount your experience, that something or someone is very important to you.
The tiny query that this realization raises about your current priorities. A onceoccurrent dialogical event informing relations with an other and triggering a voice
in the interanimation of discourses that is the always-becoming self.”
John McCarthy and Peter Wright - “Technology as Experience”, 2004
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Thesis overview
The thesis describes the work performed towards designing, building and evaluating
MyRoR2, an experience platform for lifestyle management area. The platform is able to
cover multiple aspects of users’ lives through recording and processing various types of
information. The need for including a variety of data in order to provide better support
for understanding what and why something happened is argued for through various
literature works as well as through the user-based studies. The emphasis on an experience
platform was determined by the central role played by the end users, driving how the
information is recorded, processed, visualised and shared. This introductory chapter
provides an overview of the vision, goals, motivation, research questions, approach and
main outcomes of this PhD work.

Overall vision
We use computing devices at work, at home and on the go. We generate huge amounts
of data that is stored (either temporarily or permanently) on our machines or on remote
servers. There is a lot of value in this information, as recognised through the “Big Data”
visions and strategies and some of this information is already exploited by many external
parties, such as service providers or mobile application developers (McKinsey Global
Institute, 2011)(GRDI2020 Consortium, 2012). This increasing interest in personal
information leads to two main questions: How can we, as system designers as well as end
users, use this information to improve lives and support wellbeing? And how can we
create solutions that will be able to offer more personalised and engaging interfaces
supporting such diversity of information?
Such questions provided the starting point of this PhD work: to create a context-aware
lifestyle management system, able to provide a more comprehensive picture of a user’s
daily life in order to support the user in identifying not only what happened during the
day but also in providing evidence-based clues related to why it might have happened.
This driving goal is important to emphasise as it made it necessary to focus the work on
issues around information presentation and visualisation.
This work is motivated by a societal drive towards empowering individuals with
knowledge and technological means in order to increase self-awareness and lead to
better self-management of personal wellbeing. Given the vast number of aspects
involved in building such solutions, a system-wide approach was deemed appropriate.
Even more, giving the large number of known or unknown potential usage scenarios for
such systems, the approach was to build an experience platform for lifestyle management
area. Such platform would:
1.

2
3

Provide a holistic view of users’ lives by collecting information about multiple
aspects, such as physical and emotional state, social interactions, interests,
professional activities, availability, or movement3;

A play on 'mirror' as a means for capturing both objective and subjective personal aspects.
For a discussion on this holistic approach to health and supporting literature, see Section 1.5.1.
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2. Provide means to involve end users throughout all processes, from information
gathering to processing, usage and sharing, in order to allow for better control,
support self-awareness and self-understanding, create a sense of ownership,
incentivise usage, and enhance creativity;
3. Allow users to control and share their information with various parties within their
social and support networks, either for fun or for medical purpose;
4. Evolve during users’ lives, by being able to deal with ever-changing needs and
situations.
There are various challenges introduced by such a vision involving aspects such as
information sensing, gathering, storing, processing, visualising and sharing.
The information gathering and usage paradigms are extremely important in lifestyle
management solutions as they drive how a system is designed and built. In this work, I
chose to focus on a model where all the information recorded belongs and is under the
control of the main user4. Issues of control and privacy are even more important when
multiple types of information are collected and correlated, as envisioned in this work. As
also argued for in (Shneiderman, 2002), people should be in control of their data and
should be involved in gathering as well as in using the data collected by these systems,
not only for maintaining control and awareness but also in order to be able to experience
their own data. The data recorded is stored locally, in a database fully controlled by the
end user, and it is not transported off to any remote health platform or cloud storage
provider. This does not mean that the system is meant to be used exclusively for
individual use. Information can be shared, at various abstraction levels, if so desired by
the user. Various sharing scenarios have been considered and enabled through design
considerations, especially as part of the EPSRC-funded PAL project
(http://palproject.org.uk) that this PhD work was part of.

Research questions
My exploration of the existing research and commercial lifestyle management solutions
as well as previous experience with context-aware systems research5,6 led me towards
the space of information modelling, abstraction, correlation and presentation towards
end users. Based on such explorations, the core research questions that drove this PhD
work can be summed up as:
Q1: How can we create better tools for supporting users in lifestyle management
scenarios?
Q2: What are appropriate means for users to determine and annotate what is
important to them and how can we integrate users’ input into automatic processes?
Q3: How should relevant and important lifestyle information be presented to the end
users in order to support self-understanding, encourage engagement and creativity?
Table 1 Main research questions

4

The main user is the one the recorded data is about or relates to. Other users can be various parties that data is shared
with.
5
(Arabshian, Schulzrinne, Trossen, & Pavel, 2005; Olsson, Lehtonen, Pavel, & Väänänen-Vainio-Mattila, 2007; Pavel &
Trossen, 2002, 2003, 2004, 2006; Sathish, Pavel, & Trossen, 2006; Trossen & Pavel, 2007b, 2007c, 2005a, 2005b, 2007a)
6
Intellectual property developed: http://dalore.me.uk/Dana/research-areas/intellectual-property/.
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In order to explore the issues introduced by the main research questions, three main
types of work were performed: design, proof-of-concept implementation and user-based
studies. The design work focused on creating the architecture for the experience
platform as well as on creating models for processing the information collected within a
story-inspired format. The implementation provided a deployable and extendable proofof-concept that allowed for recording a vast and varied amount of information, creating
various information processing algorithms and experimenting with a mixed collection of
information visualisation means, ranging from detailed timeline representations to multimedia story-based abstracted representations of correlated information. The user-based
exploratory studies performed during this work provided valuable insight into aspects
around the “meaningfulness” of information to be included within stories, how to build
and evolve such stories and how to create interactions that allow end users to
personalise, share as well as contribute to their own stories. The findings derived through
the studies were used to improve both the story concepts and the experience platform.
This work eventually lead to the creation of a novel story-inspired design framework for
organising and presenting information in lifestyle management systems, a design
framework for an experience platform aimed at supporting various scenarios for this
application area, and a proof-of-concept implementation, as detailed in the next section.

Main outcomes and contributions to research area
The main learnings derived through the theoretical and empirical PhD work were that: (1)
when recording so many and varied types of information it is desired to have an abstract
interface that can correlate interpreted information as well as provide a personalised
representation of user information; (2) the value of recorded information depends on the
context it was recorded in (i.e., it differs from situation to situation) as well as on the users’
needs and interests (i.e., people with a certain predominant condition might want to see
how the recorded information relates to a primary observed parameter, such as heart
rate); (3) as the needs change with time and situation, a lifestyle management platform
(including the story-inspired framework) designed for long-time usage needs to adapt
and evolve; (4) the platform needs to allow for various levels of information abstraction
and various means of interrogating the available information (i.e., queries, abstract
visualisations, detailed visualisations, correlated visualisations); (5) as it is not possible to
envision all possible usage scenarios, it is essential to provide means for adding/removing
information, processing algorithms and new visualisations; (6) providing end users with
means to contribute own information and knowledge creates self-reflection and
increases the sense of ownership towards the system; (7) incorporating user-provided
information into the visualisations and processing algorithms creates added incentive for
contributing such information; (8) personalisation is desired but mainly through
templates.
Such findings played an important role in the realisation of the main PhD outcomes:
1.

A design framework and realisation of a novel story-inspired paradigm for modelling,
organising and presenting information within a lifestyle management system.
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The story-inspired design framework for abstracting and correlating information formed
the core of this research work, driving as well as benefiting from an exploratory approach
of a theoretical and empirical process. As argued for throughout the thesis, this approach
contains many novel ideas and it shows considerable promise for future work in
organising, prioritising and visualising information within interactive lifestyle
management solutions.
Through the user-based studies, it became evident that when recording a large variety of
information types there is a need for an abstract interface that allows end users a quick
and personalised view into their recorded information. The story-inspired multimedia
concepts created through this work are not only visualisation means but are supported
by a model as well as a process that incorporate various design principles around
information processing, organisation, and presentation.
Another important finding of the user-bases studies was that the value of recorded
information depends on the context it was recorded in (i.e., it differs from situation to
situation) as well as on the users’ needs and interests (i.e., people with a certain
predominant condition might want to see how the recorded information relates to a
primary observed parameter, such as heart rate). Therefore, such needs and interests can
change from person to person, but also with time, situation and usage. These findings led
to the development of a story-inspired design framework able to accommodate user
requirements for adaptation and evolution. Adaptation is required in order to allow for
changes in information priorities, depending on users’ interests and needs. Evolution is
necessary to deal with changes in technology as well as in users’ lives.
2. The design framework, architecture and realisation of an extensible and interactive
multi-parametric lifestyle management experience platform that can be applied to
various aspects of users’ lives.
People’s lives keep changing and moving through various lifestyle aspects. We keep
getting sick and getting well; we keep getting sad and getting happy, and so on. While
certain health conditions are chronic, others come and go; therefore lifestyle
management systems have to provide enough flexibility to accommodate for different
people and changing health issues. In order to be able to accommodate such
requirements, what is needed is a platform approach allowing for various aspects of
users’ lives to be captured as well as presented as required. As gathered information
comes at various levels of abstraction, the design framework has to provide means for
abstracting, correlating and presenting information.
The realisation of such findings is MyRoR, the experience platform designed and
developed during this PhD work that was at the centre of the evaluation process and
highly benefited from it. The main c0mponents of MyRoR are:
1) A recording platform, that is able to gather, format and store information from
multiple input sources (e.g., desktop/laptop, physiological sensors, and mobile
devices) in an automatic as well as manual way (i.e., user input);
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2) Multiple information processing algorithms that create human-understandable
abstractions based on the recorded and accessible information (i.e., obtained ondemand);
3) A story engine that abstracts and correlates information in order to create
meaningful events and daily multimedia stories;
4) An integrated personal digital diary that allows end users to access the recorded
personal information, both at a detailed level (e.g., graph-based visualisations) as
well as at abstract level (e.g., word clouds, stories). Such interface also allows end
users to add their own media as images, video or text annotations.
The MyRoR platform is one of the most comprehensive lifestyle management platform I
know of and the findings derived through the implementation and evaluation phases
provide useful knowledge for future efforts in this area, as discussed in Chapter 6. In this,
several essential aspects have been identified, such as providing means to evolve the
system at all information flow levels (i.e., from gathering to processing to presentation
to sharing).
Another important outcome is that this work highly influenced and contributed to the
design and development of a mobile-based information gathering platform, called AIRS
(TecVis LP, 2013a)7. For example, the interactive aspects of the AIRS platform, such as the
two phone widgets that allow end users to annotate their own recordings with their
mood or when they consider something was of interest to them, were created based on
feedback gathered through the in-situ evaluations performed during this PhD work.
These annotations means proved of high importance in the way people experienced such
systems, as discussed next.
3. Advancing the user experience knowledge related to what people expect from
lifestyle management systems, what information is important in order to support
self-understanding and how it should be gathered.
User interactions play an essential part of such systems and the user studies
strengthened the case for including end users within all aspects of the experience
platform.
One interesting finding obtained through the studies was the important role played by
user-based annotations in creating self-reflection and a feeling of ownership towards the
system. The annotation process was a reflective activity in itself, either at the time of
annotating (when the user was thinking about what was important and how to annotate
it) or after (when the user could create a whole story based on the annotations). The user
studies revealed that annotating, in general, has the power to make people more aware
of what is of certain significance in their daily lives and can highly improve the automatic
recording as well as how people experience such systems.
However, while user interactions are essential to provide a desired level of customisation,
a balance needs to be found between having personalised data gathering and user

7

The AIRS platform can run on any Android-based phone, it is open source and freely available on the Google Play store.
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interfaces and the time required to perform such customisations. For that, templatebased data recording, story creation and interface customisation needs to be provided.
The studies also showed that we, as system designers, cannot create a ‘one fits all’
lifestyle management system. We can merely give people a system simple yet powerful
enough that allows them to decide what they want to see, when, and how.
These results contribute to the area of lifestyle management by providing more insight
into how to address various challenges related to collecting, processing and visualising
varied user information as well as how such systems could be used for supporting and
enhancing self-reflection. Due to the system-wide nature required by this work, the
contributions span both technological and user experience areas.

Main usage scenarios
This section includes two main usage scenarios envisioned as being enabled by the
MyRoR system. These scenarios will also be used throughout the thesis to better
exemplify certain aspects around information processing, visualisations and interactions.
Self-understanding
Usage scenario: the collected information is used for personal purpose, for providing a
better understanding of daily activities, helping in finding causality relations and allowing
for access to sensed information that we might not be aware of but that can have an
effect on our wellbeing (e.g., noise level increase, temperature increase, hectic schedule,
increased stress levels, etc.). In these scenarios, the system is mainly used for
remembering, self-reflection and, possibly, self-improvement. The MyRoR stories are
used as interfaces that abstract and correlate the available and relevant information
along a timeline. The stories can be adapted based on certain interests, such as focus on
emotional, physical or social wellbeing. End users can interpret and add new information
to the system and they can also personalise their stories (e.g., avatars used, colours, etc.).
Example: It’s the end of the day and Jane, a PhD student, is feeling tired and somehow upset
but cannot figure out why. She opens the MyRoR system to see if the information it captured
during the day can help her better understand what events could have affected her. By
playing the daily story created by MyRoR she can see that her main activities today were to
write on the paper due next week, go to the university, attend a meeting and then return to
the paper writing. Watching the story, she can see that she became quite annoyed by
something during the meeting. She remembers now that Mark kept interrupting during her
presentation. She also checks the detailed view of information recorded during the meeting
and she can see clearly how her emotional state changed. It also seems that she became less
productive after the meeting, when she returned to writing the paper. It is true that she was
still bothered by Mark’s comments. She adds a note to the system to explain to herself why
and how she felt. She decides to mainly focus on the paper during the next days.
Creating and sharing stories within a healthcare space
Usage scenario: these scenarios involve close or loose monitoring relations between
outpatients and their professional medical carers. Depending on the type of the
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monitored condition and its seriousness, healthcare professionals can become more or
less involved. The self-monitoring system records and processes information on the end
user’s device(s) and sharing is only done within a defined context, such as an
appointment or emergency situation. The system creates stories around important
aspects to be monitored, such as significant heart rate changes and potential causes.
Furthermore, stories can also be created by healthcare professionals, based on the
individual’s own information, by deciding what information from everything that was
recorded, is actually relevant to his health condition.
Example: Bob is 55 and he found out that he has high blood pressure and he is at risk for
developing a heart condition in the future unless he takes some immediate actions to adjust
his lifestyle. The nurse recommended certain lifestyle changes but Bob found it very hard to
be continuously aware of his behaviour so he decided to use a system that allows for
automatically collecting and integrating data about his daily routines. By using the MyRoR
system, Bob can see how his busy schedule affects his heart as the system collects
information about his heart rate, his meetings, his eating habits, and so on, from and
through the devices Bob usually uses, like his mobile phone, laptops and a minimally invasive
heart monitor. Bob is also able to add annotations during recording (e.g., when he
experiences unusual heart activity, dizziness, increased stress, etc.), other personal notes
(such as reflections on what happened during the day) as well as other media (such as his
hospital test results) to his system. The system generates stories that show to Bob the most
important moments during the day, mainly created around significant changes in his heart
rate levels. The system also makes it easier for Bob to access trusted online information,
such as content from the British Heart Foundation and NHS Direct. During his visits to the
doctor, he can share parts of his data, especially when they discuss some episodes when Bob
felt unwell. By looking at those specific moments, the doctor can better understand what
Bob was doing before they happened. Bob is entirely in control of what data can be seen by
other people or organisations, who can see his data, for how long and under which
circumstances (why). When Bob becomes more confident in the system, the system can also
trigger certain warning events when his heart rate gets too high, helping Bob to adjust his
behaviour.

Defining the problem space and the core design principles
The work described in this thesis is built on various core principles derived or influenced
by a vast array of literature and shaped by my own experience of working in this space.
For providing clarity to this work, it is important to start by defining and describing the
problem space chosen as well as the main considerations that shaped this work.
Definitions: lifestyle management and wellbeing
The lifestyle management area has become increasingly important during the past years
due to the present as well as expected burden on healthcare systems posed by people
living longer and with various chronic conditions. Lifestyle management focuses on
individuals becoming more aware of how what they do has an effect on their wellbeing.
Such self-awareness is an essential step in achieving self-change (Fogg, 2003). Current
technologies can help in supporting such user processes, as data recorded through
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various types of sensors (i.e., either physical or virtual) can provide objective information
about daily activities while long-term analysis of recorded data allows for detecting
patterns or changes in behaviour.
Lifestyle has a very broad definition, being described by the Oxford Dictionary as “the way
in which a person lives” and by the Merriam-Webster Dictionary as “the typical way of life
of an individual, group or culture”. The Collins Dictionary defines it as “a set of attitudes,
habits, or possessions associated with a particular person or group”. A more detailed
definition is provided within a medical context by the Segen’s Medical Dictionary8 where
lifestyle is defined as “the constellation of habitual activities unique to a person, which
lend consistency to activities, behaviour, manners of coping, motivation, and thought
processes, and define the way in which he/she lives; lifestyle activities include diet, level
of physical activity, substance abuse, social and personal interactions”. In the public
health domain, lifestyle is defined as a “pattern of individual practices and personal
behaviour choices that are related to elevated or reduced health risk” (Kirch, 2008),
where such "choices" are shaped and determined by multiple factors, such as cultural,
physical, financial, and political.
Our lifestyles play an essential role in our health, wellbeing and wellness; therefore
understanding how these concepts are defined is essential for explaining design
decisions regarding what information to capture through technological solutions. While
sometimes these terms are considered interchangeable, there are certain differences
between them. A quick Internet search brings up various descriptions, more or less
vague. While wellbeing is more of a state of feeling well (overall), wellness can be seen
as a life goal, which includes self-responsibility and a process of making lifestyle decisions.
In most instances, wellness and wellbeing are associated with being healthy and happy,
even though, as discussed in (Kozier & Erb, 2008), in reality these states include
subjective perceptions, i.e., an ill person can have a sense of wellbeing while a seemingly
healthy person might not have it. The limitations of these terms come mainly from the
fact that most of the time health refers to physical aspects, even though definitions that
are more encompassing have existed for a long time. Most prominently, the WHO (World
Health Organization) Constitution from 1946, defines health as “a state of complete
physical, mental and social well-being and not merely the absence of disease or infirmity”.
More detailed definitions of wellness are provided in (Corbin, Lindsey, & Welk, 2000),
where the authors define it as a “multidimensional state of being, describing the existence
of positive health in an individual as exemplified by quality of life and a sense of well-being”.
In (Anspaugh, Hamrick, & Rosato, 2008), wellness is described as having seven
components: physical, social, emotional, intellectual, spiritual, occupational and
environmental. Other dimensions mentioned in (definitionofwellness.com, 2013) are
financial, mental and medical. In (Department of Health, 2009), the authors include a
discussion on wellbeing in the workplace along various dimensions.
In (Wade, 2009), the author documents the historical emphasis of medical healthcare on
physical diseases before arguing for the need of moving towards a holistic approach to

8

From the medical-dictionary.thefreedictionary.com
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health. In his proposal for a holistic model he includes four main contexts that need to be
taken into account when creating a diagnosis: (1) physical: the observable environment;
(2) social: the local cultural environment; (3) personal: the sum of a person’s experiences
and personality; (4) temporal: both the stage a person is within an illness and the stage
the person is at within their life, as shown in Figure 1.
Such definitions provide support for the motivation behind choosing to create a platform
that aims at gathering information that can allow for documenting various aspects of a
user’s life. Regardless of the exact definition, when building solutions for lifestyle
monitoring we need to take into account the multi-dimensional nature of our lives and
wellbeing.

Figure 1 Wade's holistic model of illness (from (Wade, 2009))

The importance of the lifestyle management area
Lifestyle choices affect our lives in multiple ways but most evident is their role in chronic
diseases. Chronic diseases is a generic name for various health conditions that, once
acquired cannot be cured but just managed. According to the World Health Organization
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(WHO), chronic diseases are the leading cause of illness and death in the world (World
Health Organization, 2013), posing a considerable financial and emotional burden on
patients, their support networks and societies. Many people are diagnosed with more
than one chronic disease and sometimes one condition becomes a risk factor for another.
Some of the most common chronic diseases are coronary heart disease (CHD), cancer,
renal disease, diabetes and mental health. In the UK, according to the Department of
Health data from 2005, there were more than 17.5 million people living with at least one
chronic condition and it is estimated that by 2030 the incidence of chronic disease in the
over 65 year old people will more than double (Department of Health, 2004).
While many ongoing efforts focus on providing assistive living for elderly patients, the
fact is that chronic diseases are not only a problem of the elderly, as people from various
age groups are affected. A growing number of reports provide evidence for the relation
between health and work life, affecting not only the individuals but also their families,
the employers and the society as a whole (Department of Health, 2009)(Burton & World
Health Organization, 2010)(Black, 2008)(Lelliott et al., 2008)(European Agency for Safety
and Health at Work, 2000).
Lifestyle management support can have a significant impact both at individual as well as
societal levels, as most of the patients living with chronic diseases fall into the low risk
category, meaning that, with the right support, they can learn how to manage their
disease (Department of Health, 2004). Prevention plays an important role both in
avoiding acquiring a disease as well as in avoiding worsening of an existing condition.
Certain lifestyle-related factors, such as smoking, alcohol, physical inactivity, diet
(irregular meals, salty or fatty foods) and psycho-social stress, have a proven impact on
chronic diseases, which also means that they have become the main targets for
preventative healthcare programs (Burton & World Health Organization, 2010; World
Health Organization, 2005a). Various programs for inducing and supporting preventative
behaviours have been implemented using various channels, such as printed material, TV
and radio campains or through healthcare providers offering advice to patients, e.g., on
what to eat in order to avoid cholesterol or how to avoid living a sedentary life.
Beyond educating people in making better lifestyle choices, various self-monitoring
solutions have been created, greatly helped by the advances in wearable technologies
(Department of Health, 2006), as shown in Chapter 2. Such solutions can record, store
(either locally or remotely), analyse patient data and trigger alerts (e.g., telehealth and
telecare (NHS Choices, 2012)). Using such systems for outpatient monitoring benefits
both healthcare systems and patients, as people can live normal lives and avoid
hospitalization. The importance of empowering both patients and medical staff with
more objective information obtained through outpatient self-monitoring systems is
emphasised in recent reports such as (The Future Vision Coalition, 2009). The same report
also documents a continuous shift in attitudes of patients as well as of medical staff
towards using such technologies, especially as they become more unobtrusive and as
their benefits (both social and economical) are better understood. Over half of the 1000
people interviewed for this report (from the UK, aged 16+) were already using various
means for self-diagnosis (60%), and were interested in monitoring their own health (over
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60%), particularly for various parameters such as cholesterol and blood pressure. Using
wearable systems for outpatient monitoring accrues multiple benefits for all parties
involved.
The importance of stories and their role in MyRoR
One of the main goals of the MyRoR experience platform is to provide end users with
access to their information so that they can remember and understand what happened
and reflect over why it happened. For that, it is important that the system provides easyto-understand visualisations that allow for both abstract and detailed views of the
available information. Given the large variety of information envisioned to be recorded,
using only the currently available means, such as graphs, charts or maps, is very
challenging both for end users and system designers9 for reasons such as the large
amount and variety of data collected and the various levels of processing required to
extract meaning out of the input data, as also emphasized in (Kandel et al., 2011). In my
quest to find more engaging paradigms for representing information either for individual
use or for sharing, I turned to stories, not only as visualisation means but also as complex
structures for organizing and presenting information along various dimensions.
Humans need to socially connect and share their experiences, as Maslow (Maslow, 1954)
and Shneiderman (Shneiderman, 2002) noted and, over time, they have used stories to
do so, as discussed in (Bruner, 1990, 1991). Even more important for this work, narratives
are an important vehicle for reflecting and rationalising our experiences and emotions
(Lazarus, 2006; Rosenwald & Ochberg, 1992). Throughout human history, such narratives
were implemented through various media, according to available means, such as speech,
drawings, or text. Later, telephony and television played indisputable roles in overcoming
spatial distances and providing new narrative experiences. However, the Internet
brought such experiences to a new level allowing human communication over time and
space, spanning communities and topics through visual or audio means. Current Internet
services keep moving towards enabling narratives through combining various types of
information from physical and virtual sources along a meaningful concatenation of
events, as exemplified by Facebook’s Timeline, Storify10’s concatenation of news around
a certain topic, or Twitter hashtags. The past years have provided more and better tools
that allow people to express their experiences and their creativity and to share them with
their local or global communities. Given that such behaviours become more natural in
younger generations (Tapscott, 2008), it can be assumed that this sharing of our lives
through the Internet will likely continue to expand.
The stories envisioned and created in this PhD work are multimedia-based
representations of interpreted user information, organised as a collection of meaningful
events (as defined in (Brooks, 1996))11. Within these MyRoR stories, the available and
relevant user information is processed (i.e., filtered, abstracted, correlated) and then
mapped to various types of media, such as images, icons or text. The story-based
paradigm is very powerful as it allows for changes in focus, personalisation through
9

Such challenges will be further discussed in Chapter 3 and Chapter 4.
https://storify.com/
11
A more detailed explanation of such concepts is given in Section 2.3.2.
10
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inclusion of user-generated content, easy sharing, quick and fun overview of recorded
data. Various interesting challenges are involved in creating such presentation and
interaction models and they could be summarised through these two main aspects:
Create an dynamic and automatic process able to decide what information is relevant
and meaningful enough to be included within a certain user story, how to obtain it
and how to present it to end users;
2. Allow users to personalise their stories for various purposes such as esthetical
reasons, exploring various aspects of the available information, or customising
stories for sharing.
During this PhD, I focused on exploring various aspects associated with creating these
stories, such as:
1.

1. Identifying what information should be included within a story;
2. Defining and improving a model-based story creation process capable of capturing
the variety of aspects involved in creating such interfaces;
3. Creating visual representations of the stories, based on combining multiple types of
media;
4. Exploring how end users would like to interact with such stories;
5. Capturing requirements for evolving the story creation process.
These aspects were at the centre of this PhD work and they are directly derived from the
research questions presented in Section 1.2, especially Q3.
Various methods were employed to explore the aspects listed above, ranging from
finding inspiration in existing literature and systems to performing user-based studies, as
described in the following section.

Research Approach
The PhD research validation framework employed for exploring the main research
questions (Section 1.2) as well as the more concrete questions around story-creation
described in Section 1.5.3 had two main components: theoretical and empirical.
The theoretical basis for the PhD research
The theoretical12 side of the framework includes readings that had a supportive as well
as formative role, including similar system work and user studies. The readings included
below provided both support as well as inspiration for some of my main system design
decisions, from the choice of sensors to the choice of interaction and visualisation
paradigms. This section provides a trail of such decisions in order to argue that they were
not arbitrary choices but they do have a solid basis into respected literature, involving
technology as well as social psychology.
The combination of technological and psychological issues is not new or unusual when it
comes to how humans use and interact with technology and it aligns with the original

12

In (Cairns & Cox, 2008), chapter 9, Alan Dix describes the importance of such theoretical frameworks in defining
evaluations. Creswell also talks about the main role played by theoretical lens frameworks used in creating qualitative
evaluation studies (Creswell, 2007).
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visions on ubiquitous and calm computing, initially formulated in (Weiser, 1991) and in
(Weiser & Brown, 1996) which were “inspired by the social scientists, philosophers, and
anthropologists at PARC”. In my work I was especially inspired by the vision of calm
computing (Weiser & Brown, 1996), where periphery-based recordings of user context
can be brought together into a supportive and engaging centre-based interface,
whenever needed.
One of the initial goals of the PhD work was to support people in understanding what
happened during the day and why it happened. Self-understanding and reflection are
part of what makes us human and a prerequisite for meaning-making, as described in
(Dewey, 1910). Reflection is also necessary for learning, as described in (Dewey, 1938) and
in (Boud, Keogh, & Walker, 1985). In (McCarthy & Wright, 2004), the authors discuss the
transforming powers of reflection to make sense of an experience as well as change and
shape our perception of the experience as well as of our own self. An interesting
discussion on the processes involved in self-reflection, from reasoning with incomplete
or incorrect information to changes brought in by self-reflection can be found in (Wilson,
1990), while models of reflection are defined in works such as (Schon, 1983).
Maslow, one of the most influential persons in behavioural psychology, included selfimprovement, which requires self-awareness, self-reflection and self-understanding,
within his actualised human needs hierarchy (Maslow, 2011). In this hierarchy, selfimprovement is very important in achieving the high level human goals of betterment,
from physical to spiritual levels.
However, why should we use technology to support self-reflection? The reason is that
self-monitoring technologies are able to automatically collect a vast amount of
information, some of which is otherwise inaccessible to us or we might not even be aware
of (Picard, 2002). Such self-monitoring technologies provide a more objective
information pool, less prone to memory faults. When this data is correlated, it allows for
a better understanding of what the user was doing during a certain "meaningful"
situation, such as a sudden heart rate increase. The studies based on the Affective Diary
showed how people reflected when visualising their own data (Ståhl, Höök, Svensson,
Taylor, & Combetto, 2009). Another interesting reading arguing for using life logging
systems to support reflection is (Sellen & Whittaker, 2010). A study on the relation
between self-reflection and using self-monitoring technologies is presented in (Li, Dey, &
Forlizzi, 2011) while discussions on reflection and means to support it are included in
(Fleck & Fitzpatrick, 2010) and (Sas & Dix, 2009).
A key aspect of this work was to create a system that supports users, as I envision that
people should be bettered through their interactions with technologies, e.g., should
become better informed and feel in control, and should even improve certain human
characteristics, such as creativity. This view is very much in line with what Shneiderman
advocates in his influential work (Shneiderman, 2002) on how to design user-centric
systems, where he argues for creating technologies that empower people instead of
replacing them and that any technology created for people should support their human
goals of control and responsibility. He says that technology that automates certain
human tasks can only be successful if it allows for user control and understanding. Similar
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views on how technology enhance and transform people’s lives are also found in
(McCarthy & Wright, 2004), where the authors discuss the importance of human values
and understanding in designing as well as in experiencing technologies.
An essential aspect of building user-centric systems is to enable such systems to know
more about the humans involved in order to allow them to better “understand” what is
going on and make more informed decisions. In this, the context-aware computing
paradigm is essential. While the initial definition of this paradigm was given by Schilit in
(Schilit, Adams, & Want, 1994; Schilit, 1995), considerable advances in terms of defining
the context as well as the range of systems that can be built through context awareness
were made by Dey and Abowd in (Dey & Abowd, 1999). In their work, context was
defined more generally as being “any information that can be used to characterize the
situation of an entity, where an entity is a person, place, or object that is considered relevant
to the interaction between a user and an application, including the user and applications
themselves”. In the guiding scenarios (Section 1.4), the most relevant context data is
related to what the user was doing during the day, where she has been, who she met
with, how she felt, etc. Main types of context data that could be relevant to lifestyle
management are physical, social, emotional, mental and environmental (as discussed in
Section 1.5.1).
The Memex vision, defined in 1945 by Vannevar Bush (Bush, 1945) as “a device in which an
individual stores all his books, records, and communications, and which is mechanized so
that it may be consulted with exceeding speed and flexibility” is, of course, one of the main
visions in this area, followed by the MyLifeBits work described in (Gemmell et al., 2002).
However, my approach in this work was to make as much use as possible of information
easily collected through devices we use every day while minimising the number of
additional sensors to be worn and without assuming a 24/7 recording process.
In the following sections I will elaborate on the choice of information recorded and the
sensors used but here I include some of the essential works that formed the basis for
such decisions and what is seen as important for any lifestyle management system that
supports self-reflection and self-understanding. Often, the self-reflection involves
emotions, as people think about how they feel as well as why they feel like that (Olson &
Zanna, 1990). Emotions play a very important role in our lives (no matter if we are aware
of that or not) as they help us remember things, people and places, as well as learn or
make decisions, as described by the highly influential work (Damasio, 1995). The work
performed in affective computing (Picard, 1997) by Picard and her group provided
inspiration as to why emotional awareness is important for computer systems and how
it can be used to adapt application behaviour, as in (Picard, 1999) and (Villeda, 2007), or
to just raise users’ awareness through emotion-informed visualisations, as in (Lindström
et al., 2006). Emotional awareness is an essential component of our social behaviour and
is part of emotional intelligence, first defined in (Salovey & Mayer, 1990) and later
popularised in (Goleman, 1996). Salovey and Mayer define it as a “subset of social
intelligence that involves the ability to monitor one’s feelings and emotions, to
discriminate among them and to use this information to guide one’s thinking and
actions”. Emotional intelligence also plays an important part in the affective computing
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work, in two major ways: (a) through giving machines emotional intelligence so that they
can better handle user interactions (Picard, 2002) and (b) through supporting people
develop their emotional intelligence by supporting self-awareness, as described in (Picard
et al., 2004).
Given that my chosen application area touches on systems’ potential on influencing
people, one other source of inspiration was Fogg’s book on persuasive technologies
(Fogg, 2003), that describes various types of systems that have the goal of inducing a
positive change in their end users’ behaviours. Many of the system and interface designs
presented in this book are informed by social psychology. Self-monitoring is one of the
persuasive technology tools described in the book, as it leads to self-understanding and
behaviour changes.
At the core of this thesis is the creation of a story-inspired paradigm that organises
recorded data into correlated meaningful events and uses multi-media visualisations to
present this information to end users. Three main sources of inspiration contributed to
initially shaping these ideas: the work of Bruner in arguing for the importance of
storytelling in conveying information (Bruner, 1991), the work of Brooks in defining
stories in computing environments (Brooks, 1996) and the Scratch environment, that
provided an immense source of inspiration for how interfaces could look in order to
become more engaging and creative (Harvey & Mönig, 2010; MIT Media Lab, 2013).
Further references to these readings will be made throughout the thesis whenever
necessary.
The empirical side of the PhD research
The empirical side of the work followed an exploratory approach13 and it included
qualitative and quantitative aspects derived from user-based studies (performed through
a mixed approach of in-situ user evaluations and an online questionnaire) and own
experiences with using the system. My own experience on using the system provided
invaluable information into possible types of information processing, ideas around
visualisations and day-by-day user behaviour. The user-based studies were essential in
providing deeper insights into the issues around the main research questions (Section 1.2)
as well as user behaviour-related questions. The evaluation framework included two main
parts:
Online questionnaire: focused on aspects that did not require hands-on experience
with the system but could benefit from being able to reach a larger audience, such as
looking into self-reflective behaviour in relation to the attitudes towards such system
and story-based interfaces as envisioned by this work;
2. Qualitative in-situ user evaluations14: focused on hands-on usage of the MyRoR
system followed by semi-structured interviews aimed at being able to capture more
detailed user input with regard to certain aspects involved in the research questions:
the importance, relevance and meaningfulness of information and daily moments as

1.

13

Aimed at providing further input to the design and implementation work as well as uncovering new aspects of how
people experience such systems.
14
This type of evaluations is described in works such as (Consolvo et al., 2007).
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well as means to visualise and correlate information through story-based concepts.
This part of the evaluation was performed in two phases: (a) Phase 1: was primarily
concerned with the participant recording the data they felt comfortable with, for as
long as they felt comfortable doing it (at least 2 days). The recording session was
followed by an interview where various aspects were explored together with the
participant through using the available version of the MyRoR system and a concept
version of the MyRoR digital stories; (b) Phase 2: was primarily concerned with
testing the prototype version of the digital stories built based on data recorded
within the Phase 1. In certain cases, the participants chose to record more data for
this phase in order to have more interesting stories.
This work is described in considerable detail in Chapter 5, from designing the empirical
evaluation framework to results obtained from the mixed methods used. The studies
provided a wealth of information that was further incorporated into the system design,
proof-of-concept and user experience findings, as presented in Chapter 6.
Certain existing user studies, such as the ones based on the Affective Diary (Ståhl et al.,
2009) and, more recently, AffectAura (Mcduff, Karlson, Kapoor, Roseway, & Czerwinski,
2012) provided useful insights into user-based studies involving certain design choices as
well as perceived usefulness of such systems. Such related works were chosen based on
important similarities to my initial research goals and provided useful reference points
necessary to argue why certain design decisions did not need replication through studies.
Such studies showed that people do like to think back and reflect on what happened and
why they feel a certain way (Picard, 1997)(Ståhl et al., 2009). Other important studies
described in (Future Foundation & Friends Provident, 2010; Tapscott, 2008) show that
future generations of adults will probably be more open to monitor and record their lives.
It is important to emphasise that the approach followed in this work had an exploratory
nature aimed at gathering new insights into how to design and build interactive lifestyle
management systems. A core focus of this research was to address issues around
information relevance and meaningfulness in an effort to create interfaces able to
provide end users with summarised and abstracted representations of the available
information, such as the story-inspired concepts.

Publications based on this work
The publications created based on this work are:
•
•
•

D. Pavel, D. Trossen, M. Holweg, V. Callaghan, “Lifestyle stories: Correlating user
information through a story-inspired paradigm”. In Pervasive Health 2013: 412-415.
D. Pavel, M. Holweg, D. Trossen: Experiencing your life: Increasing self-awareness
through a story-inspired paradigm. In Pervasive Health 2013: 311-312.
D. Trossen, D. Pavel, “AIRS: A Mobile Sensing Platform for Lifestyle Management
Research and Applications”. In the 5th International Conference on MOBILe
Wireless MiddleWARE, Operating Systems, and Applications (MobilWare 2012),
November 2012, Berlin, Germany.
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•

•

•

•

•

•

•

•

J. Bacon, J. Singh, D. Trossen, D. Pavel, A. Bontozoglou, N. Vastardis, K. Yang, S.
Pennington, S. Clarke, G. Jones, “Personal and Social Communication Services for
Health and Lifestyle Monitoring”. In the First International Conference on Global
Health Challenges (Global Health 2012), October 2012, Venice Italy.
D. Pavel. V. Callaghan, A.K. Dey, F. Sepulveda, M. Gardner, “The Story of Our Lives:
From Sensors to Stories in Self-monitoring Systems”. In the 4th Computer Science
and Electronic Engineering Conference (CEEC’12), Colchester, UK, September 2012.
D. Pavel, V. Callaghan and A.K. Dey, “Supporting Wellbeing through Improving
Interactions and Understanding in Self-Monitoring Systems”. Chapter in the
Handbook of Ambient Assisted Living - Technology for Healthcare, Rehabilitation
and Well-being, IOS Press, Volume 11, 2012.
D. Pavel, V. Callaghan and A. K. Dey, “From self-monitoring to self-understanding:
Going beyond physiological sensing for supporting wellbeing”. In International
Workshop on Pervasive Computing Paradigms for Mental Health (MindCare 2011),
Pervasive Health 2011 conference, Dublin, May 2011.
D. Pavel, V. Callaghan and A. K. Dey, “Looking back in wonder: How selfmonitoring technologies can help us better understand ourselves”. In 6th
International conference on Intelligent Environments 2010, Kuala Lumpur,
Malaysia, July 2010.
D. Trossen, D. Pavel, K. Guild, J. Bacon, J. Singh, “Information-centric Pervasive
Healthcare Platforms”. In Pervasive Health 2010 conference, Munich, Germany,
March 2010.
D. Pavel, V. Callaghan, A.K. Dey, “Democratization of healthcare through selfmonitoring technologies”. In Pervasive Health 2010 conference, Munich,
Germany, March 2010.
D. Pavel, V. Callaghan, A.K. Dey, and M. Gardner, “Supporting Introspective
Behaviours through Technology”. In Intelligent Environments conference,
Barcelona, 2009.

Work description and thesis structure
In this section I introduce and discuss the thesis structure. Given their high interdependency, I use the description of the PhD work process (shown in Figure 2) to also
present the structure of the thesis.
The starting point of this work was already presented in Section 1.1. While broad, the
space of creating technological solutions for lifestyle management area provided a
wealth of research challenges, further filtered through theoretical and practical work.
The nature of this work required a systemic approach, from information to be gathered
to means of presenting information to end users. The literature space described in
Chapter 2 reflects this approach, as it includes a survey of existing systems before
focusing on means for information modelling and presentation. Some of the readings
that influenced my PhD work more than others were already presented in Section 1.6.1.
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Figure 2 PhD work process

The design side of this system work played an important role from the beginning and the
knowledge gathered through the research framework (described in Section 1.6) was used
for refining and evolving the design in order to provide a framework for an experience
platform as well as for enriching the story-inspired model and creation process. Chapter
3 provides a detailed description of the design considerations, including the areas of
information gathering, modelling, processing and presentation.
The proof-of-concept implementation played an essential role in this PhD work as it was
used to capture and test various design concepts. The implementation was an iterative
process, being continually improved based on: (1) advances in technology, such as
advancements of mobile phones or increased availability of input devices (e.g., new
sensors); (2) increased familiarity with web-based programming; (3) hands-on usage of
the system, by myself and by other people (i.e., the user studies). The details about how
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the implementation was done, from the information gathering platform, to algorithms
used for process the information and to the actual realisation of the story-based concepts
are presented in Chapter 4.
As already mentioned in Section 1.6.2, the empirical side of the research framework
played an essential role in gathering user feedback necessary to extend the various
system aspects. Chapter 5 forms a considerable part of the thesis as it includes not only
a description of the studies performed and the findings derived from them but also a
rationalisation of why a certain evaluation framework was chosen supported by an
extensive body of literature.
The findings described in Chapter 5 are further examined in Chapter 6, where I discuss
the impact of such findings on the design of the experience platform and of the story
creation framework as well as the most important user experience aspects derived
through the user studies.
The thesis concludes with Chapter 7, where I summarise the main outcomes of this PhD
work, its relevance to the computer science area and discuss future plans to continue this
work.
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Literature overview
This chapter presents references to the literature used for supporting various design
decisions as well as for advancing my thinking around important aspects of the system.
The diversity of the literature space explored reflects the system-wide approach involved
in this work, spanning from sensing technologies to user visualisations and interactions.
Some of the core readings were already mentioned in the previous chapter. Also, the
readings that helped in shaping the evaluation process are discussed in great detail in
Chapter 5 and are not included in this chapter.
The readings are organised based on their input towards the PhD work, following the
information flow model (gathering, processing, and usage) that also underpins the
realisation of the platform.

Information gathering: systems, data types, technologies
As detailed in Section 1.5.1, lifestyle and wellbeing contain various aspects, from
physiological to social. In order to decide how to capture such aspects through the
MyRoR platform, it was important to explore various existing systems, both commercial
and part of research activities. Given the chosen application area and its importance both
to research and current societal problems, I considered it important to take a look at the
commercial space, as such solutions are, most of the time, the results of years of research
into technological, software and user-related issues. Also, as MyRoR was supposed to be
able to integrate sensing and inferencing capabilities from other sources, it was
important to explore what the commercial space could offer.
One specific research project, the Affective Diary (Lindström et al., 2006; Ståhl et al.,
2009; Ståhl & Höök, 2008), was highly relevant to my work as it focused on creating a
modern day digital diary with an emotion-focused information visualisation. The
underlying platform collected and correlated user activity data (e.g., location, messages
sent and received, calls made and received, browsing, etc.) from a mobile phone and
physiological data (i.e., 2-axis accelerometer, heat flux sensor, a galvanic skin response
sensor (GSR), a skin temperature sensor, and a near-body ambient temperature sensor)
from a BodyMedia sensing device (BodyMedia, 2011). Based on feedback received from
this project’s members as well as other MyRoR-specific requirements (e.g., the availability
of an annotation button), I decided not to use the BodyMedia device.
Emotions are an important part of the user context and such information can be captured
through automatic capture or from the user, through interactions. There are multiple
ways of automatically detecting affective states, as described by Rosalind Picard in
(Picard, 1997), and sources include physiological sensors (e.g., ECG, GSR sensors, facial
muscle movement, respiration, blood volume pressure, etc.), video analysis, voice
analysis, movement analysis, and so on. Affective sensing is indeed a very wide and
complex area. In (Barreto, 1996), the author creates a good picture of various research
efforts within this area, focused on using one or more modalities of detecting and
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recognizing emotions. Important work in this area has been done by Picard and her group
and such work is described in (Picard, Vyzas, & Healey, 2001). While emotion awareness
plays an important role in this PhD work, due to challenges in emotion recognition in real
world scenarios (as opposed to controlled experiments) highlighted in such readings, I
decided to capture affect-related information mainly through heart rate changes and
manual user input.
(Fogg, 2003) provided many examples and ideas of what data can be collected, how it
can be collected and visualised, how interaction can be designed so that it becomes a
persuasive factor, and so on. An immediate example of persuasive technologies available
nowadays is fitness-related self-awareness and self-monitoring, which is already an
important market with many companies (e.g., Garmin, Polar, Suunto, etc.) selling various
types of devices. These devices employ physiological sensors and various visualisation
methods to help people track their fitness related history. Fitness self-monitoring is
designed to help people better understand their body’s reaction to exercising and, in the
process, support them in changing their lifestyle.
Systems that measure movement can have both medical and lifestyle applications. GPS
and 3-axis accelerometers integrated into wristwatches, pedometers, pendants and
smartphones are used both for measuring how much and how fast a person moves and
for detecting falls. Some of the most popular fitness-related devices, as the ones
produced by Garmin (Garmin, 2013) or Polar (Polar Electro, 2013), usually include a heart
monitor that allows for keeping track of the effort level. For assistive scenarios, fall
detection systems, such as LifeLine (Philips, 2010), allow for monitoring as well as alerting
in emergency situations. As smartphones now include sensors such as GPS and
accelerometer, various applications for fitness as well as assistance have appeared (e.g.,
iFall for Android (FSU Mobile Solutions, 2013), Sports Tracker (SportsTracker, 2012),
Endomondo (Endomondo, 2012) or Nike+ (Nike+, 2013)). One of the sensing devices I
chose to integrate into the MyRoR system was the Garmin ForeRunner 305 (Garmin,
2011), primarily due to its popularity and its ability to provide data such as heart rate, GPS
coordinates and GPS-based speed.
Given that heart-related conditions top the list of chronic diseases a large selection of
systems exist for recording and monitoring of such data. Data usually recorded is blood
pressure, heart rate/pulse15, heart rate variability (HRV) and ECG. The data recording can
be done at certain times or continuously, by using heart monitoring devices, most of
them provided through hospitals or primary healthcare providers (see Figure 3 for an
example).
Some examples of commercial heart monitoring systems are: t+ blood pressure (OBS
Medical, 2011), Chronic Disease Clinic (Medixine, 2011a), HealthBuddy (Bosch Healthcare,
2013), and Cardionet solutions (CardioNet Inc., 2013). For most of the existing solutions
data is stored on a remote server and analysed by nurses, doctors, clinicians, etc. Patients
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The heart rate measures the number of heart beats per minute (bpm) while the blood pressure (BP) measures pressure
waves that go through the brachial artery. Usually when the heart pumps more, the BP gets higher and the pulse also rises.
That is why they are both high when you make an effort and low when you sleep. When you exercise the heart starts
beating faster to pump more blood to get to the muscles.
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might be able to add certain notes, symptoms, and so on, and receive certain feedback
from medical staff. Sensing devices such as the Alive Heart and Activity Monitor (Alive
Technologies, 2011) provide finer granularity data through ECG recording and can be
connected to other recording/communication devices (e.g., mobile phones, PC) through
Bluetooth. For this PhD work, I chose to collect ECG and heart rate data through two
input devices: the Alive monitor and the Garmin ForeRunner 305.

Figure 3 ECG monitoring device for outpatient usage

Solutions for recording food/caloric intake can range from manual to semi-automated16.
In the manual mode, the user has to record what she ate during the day and how many
calories it contained. There are now multiple applications for iOS and Android phones
that can help people keep track of what they eat (e.g., CalorieCounter (CalorieCount.com,
2013)). The HealthBuddy system (Bosch Healthcare, 2013) provides a solution where the
user is prompted to use a compatible scale that can send information to the hub through
Bluetooth. The device also includes an interactive and supportive questionnaire that
helps the users record more information about their eating patterns. While currently
there is no automatic food tracking option in MyRoR, this could be later added, similarly
to (Vazquez-Briseno, Nieto-Hipolito, & Jimenez-Garcia, 2010) that focused on creating
automated solutions based on reading RFID tags attached to food items or on scanning
barcodes and determining their caloric value using web services. Manual means for food
tracking can be easily added through the AIRS platform.
Diabetes is another serious and important chronic condition that requires constant
monitoring and could also be added to a system as MyRoR in the future, depending on
the user needs. In such systems patients usually record blood glucose measurements,

16

While RFID or barcode-based solutions have been envisioned in the past (i.e., where the food consumed is recorded
through scanning), I could not find such solutions commercially available.
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timestamps as well as information related to administering insulin. In most of the
systems, the patient manually performs the measurement, recording and insulin delivery.
Some of these solutions are the Chronic Disease Clinic (Medixine, 2011a), t+ diabetes (OBS
Medical, 2011) and HealthBuddy (Bosch Healthcare, 2013) that provide support in various
ways and combine recording with visualising and medical support. In the future, a more
automated gathering process might be employed. For example, MiniMed (Medtronic
MiniMed Inc., 2013) can use under skin sensors for automated and continuous glucose
monitoring and an automated insulin pump.
Asthma and COPD have similar symptoms and they cover various age groups. The main
parameter monitored by systems addressing them is the peak flow information. Other
parameters monitored for COPD patients are the forced expiatory volume in one second
(FEV) and the blood oxygenation levels (SpO2). Usually, these parameters can be
manually recorded by patients in an electronic diary, together with certain observed
symptoms. Data is usually stored on a server where medical staff can examine it and give
feedback to the patient (e.g., t+ asthma and t+ COPD solutions (OBS Medical, 2011)). An
interesting system is the Health Forecasting (Medixine, 2011b) focused mainly on
preventing weather related crises, by sending alerts based on weather forecast, as there
are observed correlations between certain weather conditions and an increase of asthma
and COPD-related hospital admissions. Based on such explorations, location-based
weather information has been added to the MyRoR system, being collected periodically
from external servers (through the AIRS platform).
Mental health is an extremely important component of our health as it is considered that
a significant number of people will suffer from a diagnosable mental condition at some
point in life. Within the research community, various projects address issues such as
depression (ICT4DEPRESSION Project, 2010)(Help4Mood Project, 2011), memory loss
(Lee & Dey, 2008), stress (Healey & Picard, 2005; INTERSTRESS Project, 2010; Liu, 2004;
Picard, 2002) or conditions such as bipolar diseases (MONARCA Project, 2012). Stress is
an important part of our lives and there is a growing body of research addressing such
scenarios. Most systems employ various sensors and methods. The main sensors used
are for measuring GSR (skin conductivity), heart rate, heart rate variability, and EEG
(electrical brain activity). Multiple research efforts have focused on detecting stress
within various environments. For example, in (Healey & Picard, 2005), electrocardiogram,
electromyogram, skin conductance and respiration were used to detect stress in driving
situations and they found that skin conductivity together with heart rate can provide a
quite accurate measure of stress levels. Another relevant work is the Affective Health
(Sanches, Vaara, Sjölinder, Weymann, & Höök, 2010), a mobile stress management
system that uses various clothes-embedded sensors to collect data that can give an idea
of the stress levels of the subject. The very thorough report (European Agency for Safety
and Health at Work, 2000) contains a significant number of projects and efforts around
stress management in workplaces, where various types of data (physiological or sociopsychological) is used to identify stress factors and stress symptoms. One notable system
that came out from research work described in (Healey & Picard, 2005) is the Q Sensor,
meant to measure stress levels (Affectiva, 2013) through a skin conductivity and skin
temperature.
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Various systems exist for helping patients with memory problems to keep track of their
medication. Most of the systems allow patients or their carers to pre-program alarms for
times when certain pills should be taken. Some of them also store pills and include
sensors that record when the pillbox was opened, such as the Daily Alarmed PillBox
(Pivotell Ltd., 2013). Some systems can even communicate with a mobile phone if the
pillbox has not been opened at the scheduled time, such as the Maya+Alert system
(MedMinder, 2013).
While depression is probably one of the most common types of mental health issues,
there are not many systems dealing with it. Most of the self-monitoring methods for
depression focus on keeping manual mood diaries. Systems such as HealthBuddy (Bosch
Healthcare, 2013) provide some support for people with depression by using an
interactive questionnaire and prompting for a periodic recording of blood pressure.
While various inferences could be made automatically based on collected data, the users
are best placed to determine their current stress levels, therefore in MyRoR I decided to
provide means that allow people to capture their current mood as well as create inrecording free-text annotations, helping to monitor and explain mental health aspects.
Through correlating automatically and manually captured data, MyRoR can provide an
invaluable support for such health issues, both to individuals as well as their care
networks.
Various sensing and health-related platforms have been built to enable wellbeing
applications (Sung & Pentland, 2004; Trossen & Pavel, 2007a; Zeng, Hsueh, & Chang,
2010) (Nee et al., 2008; Woodbridge, Noshadi, Nahapetian, & Sarrafzadeh, 2010; Zeng et
al., 2010). However, very few of the available lifestyle management systems support
users in understanding why something happened. In most cases, people can monitor
certain physiological aspects but have little idea about the context in which the data was
collected, as correlations between the data recorded and events that might have
influenced certain changes are mostly based on recollections, which are prone to
memory errors as well as a lack of attention.
However, there is a move towards capturing more varied user information with many of
the existing health monitoring solution providers choosing to create integrated health
hub devices that allow for recording more than one parameter and even include small
screens that can be used for various types of communicating with a patient. For example,
the HealthBuddy (Bosch Healthcare, 2013) can integrate data received from various
compatibles devices such as digital scales, blood pressure monitors, digital blood glucose
level readers, etc., and it has a display used for asking questions, prompting for values or
tasks, giving encouragements and advices. Similar systems are provided by Viterion
(Viterion Telehealthcare, 2013) and TeleMedCare, whose TMC Home (TeleMedCare
Limited, 2013) collects information from synchronising with various devices as well as
through user questionnaires. Its health hub also has video capabilities to facilitate
communication between the patient and the monitoring medical staff. Tunstall Lifeline
provides various solutions for telecare/telehealth addressing conditions such as COPD,
CHF (Chronic Heart Failure), CDM (Chronic Disease Management), diabetes and
coagulation issues, by allowing it to integrate multiple sensors with their hub (Tunstall,
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2011). In most cases user data is sent to remote servers to be stored and analysed by
nurses or clinicians. These self-monitoring systems are mainly provided by hospitals and
are targeted at patients with existing health conditions and focus mainly on prevention
of worsening conditions or detecting emergency situations. Various ongoing efforts
investigate how such solutions can be used and deployed for assistive living scenarios.
For example, TSB’s DALLAS project (TSB, 2011) is a major effort focused on establishing
five communities where such solutions can be tested.
During the past years we have experienced a dramatic increase of lifestyle monitoring
mobile-based applications, supported by the increased usage of smartphones and
fitness monitoring devices such as heart rate monitors and pedometers. Mobile phones
are the most pervasive computing devices and they can now be used for collecting,
interpreting, visualising as well as remotely sending and accessing information. External
sensors can record and provide various information, such as heart rate, ECG or movement
based on accelerometer or GPS (e.g., Zephyr, Garmin, Alive Technologies, FitBit, etc.).
Companies such as MobiHealth (MobiHealth, 2011) also provide whole solutions around
mobile phones that can measure multi-lead ECG and EMG, plethysmogram, pulse rate,
oxygen saturation, respiration and core/skin temperature through an Android phone.
Recent developments from Samsung for their high-end phones show the interest in this
area and their intention to provide support for people monitoring their health by
combining automatic recording through sensors with manual input through applications
such as S Health (Samsung, 2012)(Samsung, 2013). The application provides chart-based
visualisations of the recorded data and profile-based metrics. A growing collection of
recently created tools aimed at supporting self-monitoring can be found at (I. Li, 2012),
under the area of personal informatics, formally described by Li and Dey in (Li, Dey, &
Forlizzi, 2010).
Most of the available solutions focus on recording and monitoring physiological
parameters. The market is extremely segmented and based on proprietary devices and
formats. There is however a certain drive to create interoperable solutions, such as the
Continua Health Alliance (Continua Health Alliance, 2013). At the European level the
INSPIRE directive (EU, 2007) has pushed EU environment agencies to develop publicly
available download services for measurement data, such as weather, air pollution and
noise level measurements.
Beyond addressing certain health conditions, there is a move towards raising selfawareness as a way towards a preventative healthcare, as emphasised by reports such
as (Future Foundation & Friends Provident, 2010; World Health Organization, 2005a).
Research projects such as PAL (co-funded by EPSRC and TSB), that this PhD work was
part of, explored how technologies can support such goals.
While it is true that more diverse data collections can also increase acceptability
concerns, current trends and research show that the number of self-monitoring systems
used and owned by individuals will continue to grow, primarily driven by: (1) an increased
availability of sensors and sensor-based applications; (2) the higher degree of acceptance
towards digitally recording life experiences that can be observed in younger generations

38

(Tapscott, 2008) and (3) necessity, in order to ease the burden on future healthcare
systems (Future Foundation & Friends Provident, 2010).

Information storage and processing
This section includes references related to storing and processing information. These
references played an important role in the design and implementation decisions made in
MyRoR, especially in terms of creating the story-inspired model and process that
underpin this PhD work.
Information storage plays a central role in designing such systems, as it impacts data
security and user privacy. Many existing mobile-phone applications, such as Endomondo
or FitBit (Fitbit, 2013), upload and store user data onto their Internet-based servers. The
privacy policies give the companies the rights to process and store such data for any
purpose and any time, even if the user decides to close the account: e.g., "You grant to
Endomondo a non-exclusive, non-revocable, worldwide, transferable, royalty-free,
perpetual right to use your User Generated Content in any manner or media now or later
developed, for any purpose, commercial, advertising, or otherwise, including the right to
translate, display, reproduce, modify, create derivative works, sublicense, distribute, assign
and commercialize without any payment due to you."17
Cloud-based solutions for highly personal data storage (such as health data) are yet to
prove successful, as offerings such as Google Health (Lohr, 2011) or Microsoft HealthVault
(Microsoft, 2013) show (Google decided to shut down this service in 2011 and HealthVault
is still struggling to gain adoption).
Given the privacy issues involved in current solutions, I decided that this PhD work should
employ a model where the data storage resides entirely under user’s control, on a trusted
server. This does not mean that no sharing should take place, but that the end user is the
one that decides what/when/how to share and for what purpose.
Personal Data Store (PDS) solutions provide features related to different functional areas
relevant for this work, from data collection, storage and organisation over to usercontrolled sharing. There are several initiatives developing PDS solutions aimed at
providing online storage along certain semantic models for data collected from users and
enabling various usages of such data through APIs and access management components
(DANUBE Project, 2012)(Eclipse Foundation, 2013)(Locker Project, 2012). Various
Semantic Web technologies (XRI-eXtensible Resource Identifier, XDI-XRI Data
Interchange, XML-Extensible Markup Language and XML Schema, RDF-Resource
Description Framework, OWL-Web Ontology Language, SPARQL-RDF Query Language)
are used for modelling, processing and accessing such data.
Semantic models are also the preferred choice for this PhD work, as they allow for
capturing the meaning behind the various types of user data and correlations into humanlevel concepts and relationships. Furthermore, semantic models make it easier to process
natural-language queries as well as to integrate user-contributed knowledge. An
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Endomondo Terms and Conditions of use: http://www.endomondo.com/terms#
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interesting survey and history of semantic models is given in (Hull & King, 1987) while
(Lieberman, 2006) provides a collection of the various tools for semantic modelling,
including ERD (Entity Relationship Diagram), Semantic Web ontologies, UML modelling,
concept maps and topic maps.
Various works exist on modelling user context. One of the initial works was the Context
Toolkit, developed by Dey (Dey, 2000). The Java-based toolkit provided support for
context data gathering and interpretation up to the application level. The context is
modelled in the toolkit through the Context Widgets (that also includes actuators acting
on context), Interpreters, and Aggregators.
Creating a semantic representation of the concepts and relationships captured by a
lifestyle management system such as MyRoR allows for future integration with powerful
knowledge representation schema such as HumanML (OASIS HumanMarkup Commitee,
2002) or GUMO (Heckmann, 2006). The HumanML ontology was created by the OASIS
HumanMarkup group and contains a XML Schema for human concepts such as human
physical characteristics, communication characteristics, beliefs, emotions (basic types),
intent, thoughts, individual and group identity, and culture. GUMO is an OWL-based
ontology that includes various user dimensions (such as states and characteristics),
preferences and interests. Such ontological efforts were useful to determine the various
context types used in this PhD work.
User context data that can be collected and interpreted by a system is inevitably subject
to errors for reasons related to sensors, modelling and algorithms' limitations. For that
reason, many efforts focused on addressing modelling and reasoning with incomplete,
uncertain and changing information (Dey & Mankoff, 2005; Henricksen & Indulska, 2006;
Korpipaa, Mantyjarvi, Kela, Keranen, & Malm, 2003; Schmidt, 2004). Most of these
approaches employ end user involvement to “fix” the models. The variety of input types
involved in a lifestyle management system such as MyRoR requires a mixed approach
where semantic modelling is combined with sensor data processing algorithms, as in
(Schmidt, 2004). Such decisions depend on the nature of the knowledge to be encoded
and visualised as well as the architecture itself (e.g., the distribution of processing
between the sensing, archiving, and visualising components).
Similarly, MyRoR uses a mixed approach for reasoning, by combining automatic
processing with users' own insights. Such approach if advocated in works such as
(Shneiderman, 2002) and is motivated by the limitations of recognition algorithms when
used in real world settings, as recognised in (Barreto, 1996; Picard et al., 2001). Providing
end users with means to annotate own recordings can actually help retrieving
information and even replace expensive recognition algorithms (Shneiderman, 2002).
In the context of information correlation, it is important to mention the work on data
fusion originating from the US Joint Directors of Laboratories (JDL). The JDL model
contains 5 levels of data processing and a database, all interconnected and including a
cyclic process of refinement (Waltz & Llinas., 1990). More sensor fusion architectures are
presented and discussed in (Elmenreich, 2002). Neural networks-based approaches are
also interesting, such as in (Picard et al., 2001), where physiological data is combined with
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other relevant user context in order to better determine emotional states. The iterative
character of this PhD work required that processing algorithms could be easily changed.
Rule-based systems or expert systems (Waterman, 1985) have the advantage of being
easy to change by adding or removing knowledge as they allow for separation between
data and logic. Additionally, using rule-based reasoning also enables explanation, as they
can provide an easy-to-understand trail of inferences. An expert system includes a
knowledge base formed by facts and rules, an inference engine that acts on the knowledge
base and a user interface that allows users to query the information stored by the system.
(Akerkar & Sajja, 2010) provides a thorough description of this space, including heuristics
used in determining which rules to ‘fire’. A good review of various methods used to
represent and reason within context-aware systems is provided in (Perttunen, Riekki, &
Lassila, 2009).

Information usage: retrieval, presentation and interfaces
An important part of providing support to end users through such systems is to create
the means to access and visualise the recorded as well as the processed information. My
exploration of this space brought me to two main areas: interactive information retrieval
and storytelling. The first area provided me with a better understanding of how humans
access and interact with information systems, while the second area proved to become
the main driver behind the work I performed in this PhD work in how to organise and
present the lifestyle information to end users.
Interactive information retrieval models
Information retrieval is concerned with processes by which queries presented to
information systems are matched against stored content. Interactive information
retrieval (IIR) looks at how humans interact with information retrieval systems and the
impact such interactions have on modelling and organising the underlying information. A
survey of the main IIR models can be found in (Wilson, 1999), where Wilson talks about
the needs that drive users and the recursive processes that are needed in order to obtain
satisfactory information. One of the most important IIR models is Saracevic’s stratified
model of information retrieval interactions (Saracevic, 1997) (see Figure 4). In this,
interaction is described as a dialogue between user and machine, with both user and
machine having a layered representation. The three user levels considered relevant for
the interaction with the information systems are: cognitive (making sense of results),
affective (analysing feelings, intentions, motivations, goals, etc.) and situational
(assessing task-specific needs).
The three levels for the computer are: engineering (effects of hardware over the
interaction), processing (algorithms performed on the information) and content
(information resources as well as various parameters of content such as accuracy,
validity, quality, etc.). The interaction between the user and the information system
requires an interplay between the various levels and a feedback mechanism. The dialogue
between the user and computer has the purpose of affecting user’s cognitive state for
the effective use of information within a certain application context.
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Figure 4 Saracevic's model (Saracevic, 1997)

In (Belkin, 1995), the author defines information retrieval as an interactive process that
involves certain steps or ‘episodes’. Within each episode, the goals as well as the strategy
of finding the desired information are continuously refined, with queries being
reformulated and goals being narrowed, broadened or completely changed. In (Nicholas
J Belkin, 1996), Belkin interestingly defines an information retrieval as “intelligent” only if
it can properly support and interact with its user in the various interactions and not if the
system takes away control from the user.
Such models provide me with a better understanding of the processes involved in
interacting with a system such as MyRoR, where both queries and information processing
would need to accommodate ever-changing needs.
Storytelling within computing environments
Information systems are not only about how to model or find information: they are also
about how to organise information before presenting it to an end user. When searching
through the literature, I realised that one of the most natural ways of presenting
information is through storytelling and I decided that, especially in the case of lifestyle
management systems, such paradigm would be worth considering. The main references
were already mentioned in Chapter 1 (Bruner, 1990, 1991) (Brooks, 1996). Bruner’s work
focuses on the importance of stories in human communication and human development,
in general, arguing that we organise our experience and our memory of what happened
mainly in the form of a narrative: stories, myths, etc. The main features of a narrative are
described in (Bruner, 1991). In this, a story is formed by a sequence of events that are
meaningful enough to be told. Events within a narrative happen over some sense of time,
which means that they are not necessarily supposed to follow a real time but more of a
personal time, along a certain narrative thread. Also, stories are about characters acting
within intentional states that reflect their beliefs, theories, desires, and values and can
provide a background for analysing why certain actions were taken. The intentional
states also affect the way a story is told as well as how it is interpreted. Background
knowledge of both the teller and the listener are important in how the story is told and
perceived. Sometimes, stories are brought together by certain erroneous assumptions as
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“historical-causal entailment” (the assumption that one event triggered another event
based on a post evaluation) and “coherence by contemporaneity” (the assumption that
events happening in the same time must be related). In (Brooks, 1996), the author defines
a story as “any general or abstract description of a meaningful collection of events, people,
and/or things, which denotes a causal or temporal linkage among them”. Such definitions
provide an essential background for creating the stories envisioned in MyRoR, where
recorded and processed information is prioritised and brought together along a certain
narrative format. While the current MyRoR stories are quite simplistic, they provide the
basis for evolving around certain themes (e.g., focused on heart conditions, stress
aspects, movement, etc.) and for certain purposes (e.g., individual consumption or
sharing with various parties).
There is already a vast amount of work that uses storytelling concepts within software
systems such as games. A comprehensive collection of work on methods for creating
stories is included in (Nakasone & Ishizuka, 2006). The main methods are categorised as:
rule-based, where events are brought together based on pre-defined logic rules taking
into account the current event status and historical factual information (Tarau & Figa,
2004); state transition based, where events are defined as states that specify the current
situation and are put together using Bayesian networks, finite state machines and
variations (Gebhard, Kipp, Klesen, & Rist, 2003)(Mott & Lester, 2006)(Swartout et al.,
2001)(Silva, Guilherme, & Paiva, 2003)(Magerko B., 2005); goal-based, where the story is
constructed to fit a certain final goal (Callaway, C., Lester, 2002)(Cavazza M., Charles, &
Mead, 2002)(Szilas, 2003); template-based, where events are selected to fit a certain
template (Gervas P., Diaz-Agudo, Peinado, & Hervas, 2005; Hills, Pisan, & Edmonds, 2008;
Ong & Leggett, 2004; Sobral, Machado, & Paiva, 2003; Wolff, Mulholland, & Zdrahal,
2004); script-based, where stories are created based on a script written in a high level
language (Rocchi & Zancanaro, 2004)(Sgouros, Papakonstantinou, & Tsanakas, 1997);
semantic inference based, where stories are created based on a network of semantically
organised events (Callaway et al., 2005; Geurts, Bocconi, Ossenbruggen, & Hardman,
2003; Little, Geurts, & Hunter, 2002; Nakasone & Ishizuka, 2006); emergent narrative
based, where users can create stories based on their social interactions inside a play
(Paiva, A., Machado, I., Prada, 2001) or within a collaborative framework (Hills et al.,
2008); and narrative function based where narrative principles are enforced on the overall
story and event sequence (Szilas, 2003)(Mateas & Stern, 2003).
Certain work has been done in merging user context data with stories. In (Romero,
Santiago, & Correia, 2004), the authors present a model used for adapting a mixed reality
game based on the user’s location, where the game tells a different story based on where
the main character (a detective) goes, location being used as a trigger to present certain
content. Image-based stories are used in (Doyle, Davenport, & O’Mahony, 2002), where
stories are created by putting pictures together along a physical path (based on location
annotations) and in (Byrne & Jones, 2008)(Byrne, Kelliher, & Jones, 2011), where various
context data is used to annotate images collected through a Microsoft SenseCam
(Microsoft Corporation, 2013). In (West, Quigley, & Kay, 2007), the authors present the
MEMENTO system, a digital-physical scrapbook for memory sharing, as well as user
studies performed with elderly people. The system uses a special pen/paper system
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(ANOTO) that allows elderly people to create a digital scrapbook that can also be
enhanced by adding audio and video annotations or pictures.
Usage, interfaces and interactions
Given the goal of creating a system that involves end users in creating and exploring their
lifestyle information, the system-user interfaces play an essential role.
In terms of usages for such systems, various examples are provided in (Fogg, 2003). An
immediate example is fitness-related self-awareness and self-monitoring, which is already
an important market with many companies (e.g., Garmin (Garmin, 2013), Zephyr (Zephyr
Technology Corp., 2013), FitBit (Fitbit, 2013), etc.) selling various types of devices. Fitness
self-monitoring is designed to help people better understand their body’s reaction to
exercising and, in the process, support them in changing their lifestyle. Examples of
emotional awareness as a means to increase emotional intelligence and support selfchange are given in (Picard, 1999; Picard et al., 2004). Certain commercial systems use
sounds, lights or charts to allow users to become aware of their stress level as well as
enable them to control it (Thought Technology, 2013)(Stress Eraser, 2013)(Resperate,
2013)(HeartMath, 2011). Other commercial systems target stress by employing
biofeedback or by using game-based interfaces that can be controlled by regulating
certain physiological parameters (Wild Divine, 2013)(SmartBrain Technologies, 2013).
The Affective Diary (Lindström et al., 2006; Ståhl et al., 2009) and the AffectAura (Mcduff
et al., 2012), already discussed in Chapter 1, provide examples of lifelogging systems
meant to increase self-awareness, where the various information, centred around
emotions, is processed along a timeline visualisation through various abstractions.
Somehow similar is the work described in (Barata, Nicolau, & Gonçalves, 2012) that helps
users track their application-based activity along a timeline. The studies performed based
on these systems showed that people do like to look back on their daily activities, much
as they would do it through a diary. The study described in (Ståhl et al., 2009) showed
that some people became quite attached to the system as it helped them look back and
better understand what happened and why. This work provided me with important
insight into building such systems, especially for supporting personalisation and
understanding of data abstraction, as some of the mentioned downsides of the Affective
Diary were that it generalised too much when mapping emotions to abstract visual
representations.
The advances in web technologies as well as the many advantages of having a platformbased approach that can benefit from continuous extensions made Wordpress
(Wordpress.org, 2013) an ideal candidate to becoming the foreground to the MyRoR
database-centred system. As for the actual multimedia-based story-inspired concepts
developed in MyRoR, the main inspiration came from using Scratch (MIT Media Lab,
2013)(Harvey & Mönig, 2010), an environment that allows for customising behaviours for
each media object used within a project.

44

Conclusions
This chapter presented a broad collection of literature that, in addition to the works
already mentioned in Section 1.6.1, guided my work through design as well as
implementation decisions. Given the system-wide nature of the work I performed, it was
important to better understand the space covered (i.e., lifestyle management, selfmonitoring) as well as look into deeper realisation issues, such as information types,
sources, modelling, processing and visualisations. It is important to note that, while
certain work mentioned here, especially on modelling information, has not been
incorporated into the current MyRoR system, they provided inspiration for how this work
should evolve over time.
From exploring the space of existing solutions it became clear that while there are
multiple systems that cover various aspects of health, there are not too many that aim at
creating a more comprehensive picture, allowing for creating more contextual
inferences18. Also, long-term usage of such systems, where health conditions and,
therefore, user needs continuously change, is hardly considered.
Most available lifestyle management systems use a paradigm where the end user is
minimally involved, as the recorded information is often remotely stored and processed.
In most cases, the end users are only the recipients of highly abstracted inferences and
lack the means to further explore their own data. As such systems do not place a high
emphasis on end user involvement they also do not provide enough user-friendly
interfaces that allow for integrating user contributed content as well as for various types
of personalisation.
The most relevant systems available at the time of starting this PhD, such as the Affective
Diary, provided many insights into how to evolve the knowledge within this area through:
(1) integrating both abstract and detailed visualisations; (2) including the end user within
the information capturing and interpretation process; (3) examining what is meaningful
for each individual and how this changes with time and situation; (4) creating a modelbased process for correlating varied information.
Most importantly, so far, I could not find many other systems that combine the context
awareness with story-inspired concepts for creating lifestyle management systems, as in
this work. Stories are very interesting and powerful information abstraction and
presentation structures and contain many challenges in terms of selecting and prioritising
information to be included within a story and allowing for dynamic changes based on user
preferences, purpose or topic. Such challenges became the main research focus of the
thesis.

18

Same conclusion is reached in (I. Li et al., 2011).
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Designing the experience platform
Chapter 1 introduced the main goals of creating a lifestyle management platform aimed
at supporting and involving the end users. The core literature presented in Section 1.6.2
provided essential support and inspiration for some of the main high-level design
decisions made throughout this PhD work while Chapter 2 included some of the most
relevant readings that contributed to insights into how to build such platforms.
Designing, building and using a lifestyle management experience platform was essential
to understanding what aspects still needed to be explored. Through this work I identified
that one of the most challenging aspects was to find ways to correlate and represent
information in a way that is more user-friendly than current means such as graphs, pies
or charts. This chapter includes the main design considerations employed in realising the
MyRoR platform and the digital stories.

Design approach
The research focus described in Section 1.1 required an exploratory approach aimed at
deriving new design considerations through the research framework (described in
Section 1.5 and including both theoretical and empirical paths).

Figure 5 MyRoR work process

For that, it was necessary to employ an iterative process that allowed for continuously
adapting both the design and the implementation in order to accommodate newly
acquired requirements. Within the system design process I focused on three major
stages, following the information flow stages, i.e., information gathering, processing and
usage. Such process was determined by the central role played by the information within
such systems, and it is best suited to designing and building software that requires an
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ongoing capturing of requirements. It usually involves testing software with users and
incorporating a feedback mechanism. In terms of software development methodologies,
the process resembles the Evolutionary Prototyping model described by McConnell in
(McConnell, 1996).
Another aspect of the process employed was capturing as many design requirements as
possible and then prioritise what features to further investigate or implement. Such
approach bares similarities to the Design-to-Schedule approach, also described in
(McConnell, 1996), which involves an ongoing prioritisation process of the set of features
that are designed, implemented and tested. The resulting process is presented in Figure
5. While the current version of the MyRoR software is not a final product, the thesis
provides a vast set of design considerations that can inform and greatly advance future
developments.

Overall design considerations
This section describes the most important design-level decisions made in order to realise
the high-level vision and goals first described in Section 1.1 and included again in Table 2.
The goals were selected and refined during the duration of the PhD work through the
theoretical framework described in Section 1.6.1, the readings from Chapter 2 and the
empirical framework mentioned in Section 1.6.2 and described in Chapter 5.
The table below contains a mapping from the goals to challenges and constraints involved
in achieving these goals to certain high-level design decisions made during the PhD work
in order to address such issues. The challenges as well as the decisions listed in the table
are derived both from previous work (own or described in the related literature) as well
as from work performed during this PhD. The next sections will elaborate on various
aspects included in this summarising table.
Goals

Challenges/constraints

Design Decisions

G1: The system should
provide a holistic view
of end users’ lives by
collecting information
about
multiple
aspects, such as
physical, emotional,
social, mental, etc.

Difficult
to
create
a
comprehensive view due to
various constraints either
technological (e.g., integrating
and
interpreting
various
sensors) or related to user
acceptance (e.g., time required
to setup recording system,
sensor
wearing
issues,
understanding recorded data)

*Minimise the number of
sensors a user has to wear
and the time it takes to
setup the recording process
*When selecting input
sources, consider the ones
with least setup required,
even if they might provide
less accurate information
*Build
upon
existing
information sources such as
phone logs, desktop activity
logs, etc.
*Assume reasoning with
incomplete information
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*Allow
for
end-user
contributed content and
annotations both during
recording as well as after
More diverse information also
means more privacy and data
security concerns, due to the
possibility of creating more
revealing correlations (e.g.,
heart rate data alone provides
less information than when
correlated with other context
data, such as social interactions
or activity)
Diverse information is harder
to represent in a correlated
mode due to, e.g., differences
in sampling rates, formats (i.e.,
numbers vs. strings)19

G2: The system should
adapt to users as well
as evolve during
users’ lives, being able
to deal with everchanging needs and
situations

Hard to anticipate how the
users would like to use the
system and what is of interest
to
them
in
different
circumstances and how all that
will change

Choose a design where the
end user feels in full control
over where the data is
stored and if/when/how the
data is shared

*Categorise
information
under various context types
and create intuitive visual
representations of context
values
*Create a model of
information
processing
allowing
for
adding/removing
information and processing
rules
*Use semantic models for
representing information
concepts, relations and
context values in order to
allow for capturing userlevel meaning
*Allow for adding new
sensing solutions
*Allow for adding new
information
processing
algorithms
*Allow for adapting and
evolving visualisation and
interaction means
*Allow for user control in
what is recorded, how it is

19 For a very good article on the challenges of information visualisation, including data transformations, see (Kandel et al.,
2011).
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G3: The system should
involve the main user
throughout
all
phases, from data
gathering to data
usage
and
visualisation, in an
effort to create more
responsibility, sense
of ownership, control,
self-awareness and
enhance
creativity
and incentive
G4:
The
system
should allow end
users to share their
information
with
various parties within
their
social
and
support network

Provide appropriate interfaces
and interaction paradigms for
allowing users to control,
contribute and understand
how the system works
Find a balance between too
little and too much interaction

Provide
appropriate
mechanisms that allow users to
control what and how to share:
e.g., means to specify what to
share, for how long, ways to
transform certain information
before sharing
Provide means for dynamically
adapting stories for sharing
based on intended purpose
and audience

used and how it is
presented
*Provide
access
from
various
devices
over
multiple interfaces
*Provide easy means for
user-based annotations
*Provide interfaces that
allow for both detailed and
abstracted level access to
information

*Allow users to share
information at various
abstraction levels
*Allow users to select what
information they want to
share
*Allow users to create
information specifically for
sharing
(e.g.,
custom
stories)
*Allow users to select users
or
groups
to
share
information with
*Allow for determining
scope and duration of
sharing

Table 2 Goals, challenges and design solutions

Platform architecture and main components
Information is an essential part of the system and its main role is evident in the
architecture described in Figure 6, where the main components and their roles are
described along three main information flow stages: gathering, processing and usage.
The Data Collection Platform component contains various software modules gathering
data from multiple distributed sources with the goal of creating a more comprehensive
picture of an end user’s life (Table 2, goal G1).
In order to address real-life scenarios and capture as many aspects as possible of users’
daily lives, I decided to focus on three main categories of devices: (1) wearable sensors;
(2) mobile phones; and (3) desktop/laptop machines. The reason for focusing on
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computing machines and mobile phones is their pervasiveness as well as the huge
amount of information they can provide about what we do or think during the day. The
wearable sensors were necessary to be included as the only way to automatically collect
physiological data necessary to create correlations between events that happened and
physiological states, such as an increase in heart rate (see Scenarios in Section 1.4).
The input data is gathered through various technologies (e.g., Bluetooth, USB, and IP)
and stored into local data storages organised along a pre-defined structure. Within such
local storages, the data is stored in multiple input files in the format provided by the
source. Information sources can include devices used during the day (e.g., work machine,
home machine, mobile phone, etc.), physiological sensors (e.g., heart rate/ECG monitor,
glucose monitor, etc.), as well as data from external content servers (e.g., emails and
calendar events). The decision regarding the information to be included is discussed in
Section 3.4.1 and is also reflected in the design decisions listed in (Table 2, goal G1).

Figure 6 Platform architecture and main components

While the main goal is to manage to capture various aspects of users’ lives that are
important for creating a picture of their lifestyles, user and technological constraints also
need to be taken into account (as reflected in G1 challenges). Chapter 4 will discuss the
various decisions made in this respect.
The Data Gathering Manager is responsible for collecting data stored within the local input
files as provided by the various input sources. The data collection can be done both
asynchronously and in real time, according to the intended scenario20. This component

20 Within this work I focus on the asynchronous mode, as the driving usage scenario is to provide support for self-reflective
behaviours.
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has to know where the input data is stored and how it can be accessed (file structure and
naming conventions, etc.).
As mentioned and argued for in Section 2.2 and in (Table 2, G1), for this work I chose a
model where the data is gathered, stored and processed on a user-side machine21, as one
of the main design principles was to build systems that put information safety and user
privacy at the core, by storing the information under full user control over access, usage
and sharing. I consider such model more suitable for lifestyle management systems, giving
the level of sensitivity associated to the captured data. At the same time, this is not meant
to be a closed system, therefore connections to external entities are addressed through
integrating certain relevant content from web services (e.g. weather providers, Google
maps), through providing access to remotely stored user data (such as emails and
calendar events) and through various sharing options (either of individual types of data
or correlated information).
The Data Transformation Manager performs various operations on input data in order to
store it into the system database. This is an important component, responsible for
parsing the input files, extracting data from the initial format, processing it, whenever
required, and storing it into a database. Therefore, the component needs to be able to
perform: data conversion (e.g., from bytes to values), data clustering, filtering, storing,
database optimization (for time and space), and Database Model management. The
Database Model contains information about the database structure and governs the
storage operations, and it is further described in Chapter 4.
Data collected into the system database is processed by the Information Processing
Manager through various specialized modules. Several types of information processing
can take place, such as filtering in order to discard useless or faulty information,
interpretation of existing information, aggregation of two or more types of data in order
to create higher-level concepts, as well as correlation of two or more types of data
according to certain interesting features derived through data analysis. The initial data,
the newly created information and the rules for information transformation are
contained in the Information Model (see Section 3.5.1). An important task within this
component is that of processing the information within the story-inspired format. The
Story Creation Manager is responsible for processing and arranging the information along
a pre-defined story format22, described within the Story Model (Section 3.5.1) and further
in Chapter 4, Section 4.3.2.
The process of determining what information should be included within such stories as
well as how such information should be abstracted, organised and represented was at the
core of this PhD work.
The User Interface Manager is responsible for creating various information visualisations.
Since the system is envisioned to be highly interactive, the User Interface Manager also
needs to provide interactions in order to: (1) allow the user to see and manage what is
being collected; (2) allow the user to query for specific information; (3) allow the user to

21
22

Such design does not mean that user storage space is limited, since additional storage can always be added.
The concept of the story was already described in Chapter 1 and Chapter 2.
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add new information as either annotations to existing data or as new data altogether
(e.g., own media, data from other apps, etc.); (4) allow the user to customise the user
interface to better reflect their personality; (5) take into account certain device
capabilities, especially for scenarios that involve remote access to the system. Such
interactions are handled by the User Interaction Manager.
As can be seen, information plays a central role within this platform and the next sections
will entirely focus on what information is gathered and how it is processed.

Creating a comprehensive picture of a user’s lifestyle
As argued for in Section 1.6.1 and reflected in (Table 2, G1) it is important to create a
system that can support collecting a variety of information types within realistic scenarios
with a minimal effort required from the end user. The same section provided a number
of references describing important aspects of lifestyle (i.e., physical, mental, social,
environmental, financial, etc.) while Chapter 2 provided various examples of how such
information could be obtained through self-monitoring systems as well as represented
and further processed through semantic models and ontologies. All such input was used
to decide what context23 aspects should be part of MyRoR as well as how such context
types could be obtained from recorded data.
Information and context types
The list below provides more details on each context type24 considered in MyRoR with
examples of how they can be derived25 from recorded or processed information. A
summarising picture of such mappings between input data types and context types can
be found in Figure 7. A further discussion on the rule engine used for processing the input
information is included in Section 3.5.6.
1.

Activity context includes information about what the user was doing as well as
various measures of activity intensity. Some of the main features used to define this
context are: energy expenditure (e.g., derived from accelerometer data), speed (e.g.,
derived from GPS), applications used (e.g., provided by a desktop or phone activity
platform), keystrokes and keystrokes/minute (e.g., from an activity platform), call
information (e.g., from a phone), ongoing events (e.g., from an available calendar),
communication patterns (e.g., based on emails sent/received, calls, sms, chat, etc.),
music listening, etc.. In general, this context is computed based on any information
that can define what the user was doing during an event as well as the activity levels.
2. Availability context includes information regarding user’s availability as well the
availability of resources necessary to the user in certain situations. The user’s
availability can be used to determine if a user should be interrupted or not (i.e., the
interruptibility level), a useful component of identifying stress factors26. In the MyRoR
23

The notion of “context” and its importance to this work was discussed in Section 1.6.1.
While somebody else could use different classifications of user context, I chose these for the purpose of representing
various aspects of user’s daily activities and designing the story creation process in MyRoR.
25 Please note that the examples are not meant to be exact mappings from the actual implementation as some of them
might be just envisioned processing. Also, not all input data envisioned or actually used in the implementation is included
here.
26
For motivation as well as solutions for measuring interruptibility see (Hudson et al., 2003; Liu, 2004).
24
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system, the user’s availability can be determined, for example, based on calendar
events, through applications used (i.e., certain applications imply a more intense
activity, such as writing a paper), through call information (i.e., if the user was talking
on the phone). The availability of resources can be determined, for example, through
Bluetooth vicinity (i.e., BT devices around), battery levels (e.g., phone, sensors), or
signal coverage (if device is a mobile phone). Such information is especially relevant
in scenarios where access to emergency services is important, such as assistive living.
In such cases, information on low battery levels or lack of signal needs to be taken
into account as they can lead to communication loss.

Figure 7 Examples of information processing
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3. Emotional context includes information about user’s emotional state, including
stress. Emotions are an important part of our daily lives and emotion-awareness plays
a central role in self-reflection, as discussed in Section 1.6.1. Such information can be
obtained through various means, already mentioned in Section 2.1: automatic, such
as through processing based on, e.g., ECG, heart rate and heart rate variability (HRV),
GSR-skin conductivity, cameras, speech analysis, gestures, text analysis, social
interaction patterns or manual through user input.
4. Environmental context includes information about environment parameters,
especially the ones that are perceived as having an impact on wellbeing, such as
ambient noise, weather information, light intensity levels, pollen levels, and others.
A very informative discussion and collection of relevant work on relations between
various environmental factors and stress is included in (European Agency for Safety
and Health at Work, 2000). Such information can be collected through various mobile
and stationary sensors as well as available web services (e.g., weather web service
providing information for a certain area).
5. Mental context refers to information about user’s interests, both in terms of topic
(i.e., what the user was interested in) as well as intensity level (i.e., how interested
was a user in a certain topic). There exist many and various methods for measuring
somebody’s interest levels, some of them using sensors for, e.g., tracking eye
movement, pupil dilation and posture (Picard et al., 2001). Giving our intense usage
of computers, a good measure of somebody’s interest at a certain point is also given
by their web activity (White, Bailey, & Chen, 2009), applications used, keyword-based
filtering of keystrokes, emails or screenshots (e.g., provided by a PC activity
platform).
6. Social context includes information about users' social activities, including both
physical (i.e., face-to-face) as well as virtual (i.e., online) social exchanges. Social
activities are an important dimension of human wellbeing due to the role they play in
mental health (World Health Organization, 2005b). Social communication is one of
the most important human characteristics and needs (Maslow, 2011) and no matter
how technology evolves, its role in our lives remains the same (Shneiderman, 2002).
However, while in the past we looked at measuring social interactions through, e.g.,
the number of face-to-face meetings or phone call activity, now it has become much
more challenging to build systems that aim to provide an accurate picture of
somebody’s social life, as these ‘traditional’ means have to also be combined with
information about user’s online activity (e.g., through monitoring applications such
as Skype, Facebook, Twitter, etc.). Further social context information can be derived
from sensors (e.g., BT devices, noise level) or social communication tools such as
emails, calendar, and chat programs.
7. Spatial context contains any kind of location information (absolute or relative) at
various granularity levels as well as derived information such as distance or heading.
Location is one of the most common types of context information and it can be
obtained through various means, such as GPS coordinates, current cell ID, mobile
country code, Wi-Fi beacons available, or BT vicinity. When available, GPS can provide
the most accurate location information. However, if such information is not available
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(due to various reasons) it can still be very useful to know if the user is in a certain
area (e.g., based on mobile cell ID), in a certain country (e.g., based on mobile country
code), or in a known location (e.g., based on recognised WiFi SSID or BT device).
Furthermore, calendar events can offer possible location information (it’s only
possible as the user might or might not be attending the event and further
correlations might be required). The location information available through the
calendar can also help improving the accuracy or meaning of a certain place (e.g., if
calendar event includes a concert at Barbican, this can be used to refine the GPS or
cell ID available location). However, automatic location recognition is not always
perfect; therefore it is important that systems allow end users to add own
annotations related to location. Such option greatly reduces the demand for
complicated recognition algorithms and allows users to add any free text location
information, such as ‘In the car’ or ‘At Café Zest’, that has more meaning than what
most systems can provide.
8. Temporal context contains time-related information such as timestamps or duration.
Every input source records timestamps together with the actual input data. Temporal
information is essential for creating time-based information correlations.
During the PhD work, it became evident that a major challenge involved in creating such
a system is to organise and present the information to an end user, not necessarily because
of the amount of information involved but because of the diversity of information
involved. Currently, the most commonly used means available for presenting information
in self-monitoring systems are graphs, maps or charts. However, when input is so diverse
it is hard to represent multiple types of inputs through one method, as also discussed in
(Kandel et al., 2011). And when there are so many types of information, showing an end
user a collection of such visualisations is overwhelming. As previously discussed, stories,
as a natural way of communicating information between humans, provided an interesting
exploratory playground and became the core of this work. The following section
describes the design of how such stories are created in the MyRoR system.

The story creation framework
Information processing is an essential part of lifestyle management systems and it starts
from the moment the data is collected from the local storages, as recorded information
requires various types of processing in order to be presented to an end user in an easy to
understand format. As mentioned in Section 3.3, the input data comes in various formats
and it needs to be transformed in order to be stored into a database. After the data is
stored into the database further processing has to be done in order to make it more
meaningful for further processing algorithms as well as for end users and organise it into
appropriate models for creating visualisations, such as the story-inspired representation
that forms the core of this thesis. This section focuses on how such data transformations
are designed to work.
Information models
The Information Model captures the system knowledge and the relationships between
various concepts. Given the many options available to realise semantic models and since
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my focus in the thesis work was not on such issues, I found that it was more important to
separate the what from how and I decided to use cognitive maps27 to capture the main
concepts and relationships at design time and UML diagrams at implementation time.
The most useful tool throughout this process was XMind (XMind Ltd., 2013).
The Information Model shown in Figure 8 includes both low-level and processed
information as well as relationships between the various information entities. The central
element of the model is the Information Object associated with each type of information
(Information Type) that can be sensed or derived through the Information Processing
Manager.

Figure 8 Main entities in the Information Model

An Information Object instance also contains information about its provenance (i.e.,
Input Source) as well as about its relations with other model elements (e.g., Context and
Story Event). The model closely follows the database structure and it connects the input
information, either recorded or obtained on-demand, to the various aspects of user
27

For a substantial collection of references on the use and importance of cognitive maps, see (Dagan, 2013).
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context described in Section 3.4.1 and to the various elements of the story-based
structures used for abstracting information (discussed below).
The Information Model constantly evolves as new input information is added to the
system, as new correlations generate new types of information and as new presentation
models (e.g., models that arrange information in a certain way, such as story-based) are
created.
Figure 9 shows the various elements used to model a story (the Story Model) as well as
the relation between a story and the various types of context described in Section 3.4.1.
As described in (Brooks, 1996), stories offer a way of organizing information as
collections of meaningful events brought together either by following a timeline or a
certain topic or character.
Based on works such as (Brooks, 1996)(Bruner, 1991)(Parks, 2013), a Story Model includes
(see Figure 9):
1.

2.

3.

4.

5.

Setting of the story: includes important elements that create the setting of a story
such as time, place, weather, etc.. While I have so far mainly considered daily stories
(as in the scenario described in Section 1.4.1), it is easy to envision that stories can
span arbitrary periods of time;
Theme of the story: places a certain emphasis on one or more types of contexts. For
example, it can focus the story more on physical movements or on emotional or
physiological changes as in the scenario described in Section 1.4.2. For this, the users
should be able to select the theme of the story, if they are more interested in a certain
type of context;
Characters or actors: the entities that take part in the story, being them humans or
other living beings. The characters have various roles and are connected by certain
relationships;
Storyline: this is the plot of the story and it is formed by a sequence of meaningful
events. An event can be described in terms of the context types defined in Section
3.4. The "meaningfulness” of an event can be determined through observing certain
changes in contexts or other means described in Section 3.5.4 as well as in the
implementation part, Chapter 4. An example of a meaningful event is given in the
scenario described in Section 1.4.1: Jane’s increased heart rate during the
presentation. Other information recorded during that event, such as what she was
doing, who else was there and so on, can allow Jane to reflect on why her heart rate
increased. She can also add comments to the event, making it easier in the future to
remember what happened and why;
Point of view: it determines how the story should be told depending on the audience
(consumer). Similar to the human-to-human storytelling, stories can adapt based on
who tells it, for which audience and for what purpose. While the current scenario
involves the system creating a story for the main user based on available information,
it is interesting to envision how such process can evolve and adapt in order to
produce stories that the main user would share with certain audiences, e.g., friends,
family, healthcare professionals, or certain interest communities.
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Figure 9 The Story Model

Processing information
Given the variety of information collected, the possibilities of creating high-level concepts
are immense. One of the dangers of such systems is to automate too much, both in terms
of collecting as well as processing information without any involvement of end users. As
argued in (Shneiderman, 2002), successful technologies should involve the end users in
all stages, including in making sense of collected information (as expressed in Table 2,
goal G3). Within such systems, the user is examiner, explainer, producer and consumer
of processed data (i.e., forming a closed loop involving the person and the data modelling
and processing systems).
Allowing end users to access certain unprocessed or lightly processed data can generate
abstractions that a system designer might not have considered or could not even
consider due to incomplete information. For example, in the scenario presented in
Section 1.4.1, the system could realise that Jane’s heart rate increased and her voice pitch
raised and deduct that she was getting angry. However, Jane’s status could also be a
reaction to an increase in room temperature or to being in a noisy environment rather
than anger. Her emotional state might also be influenced by other hidden parameters,
current or historical, such as previous experiences related to people present, etc. In such
situations it is better to show the user through the interface that something unusual
happened at a certain moment during the day (e.g., based on her heart rate and voice
pitch changes) and let her deduct what exactly happened and why, by allowing access to
other collected information (e.g., who else was there, what else happened around the
same time, etc.). With all the advances in emotion recognition, it is still hard to determine
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with enough confidence what the user feels, especially when considering real world
settings (as opposed to controlled research laboratory studies), as described in (Picard
et al., 2001).
The system can certainly help and learn but it should allow for an interplay with the end
user. For that, a certain degree of processing is still required, as showing end users data
in raw format would most probably not be very helpful. Therefore, an appropriate
balance has to be found between having too much abstraction and allowing
transparency. The focus in this work is less on automatic reasoning based on a fixed data
model and more on allowing the model to evolve in order to incorporate human level
concepts that are incomplete and ever-changing.
Furthermore, it is utopic to try to design a system where all the envisioned types of
information processing are incorporated from the beginning. Therefore, an important
requirement is that the system allows for easy extension of the information processing
mechanism through adding new algorithms (either own or available algorithms from
third parties) (Table 2, goal G2).
Figure 10 contains a summarised view of the information processing through a
combination of an own rule-based engine (further described in Section 3.5.6) and
through integrating results from external processing algorithms (e.g., for deriving heart
rate from ECG). When dealing with so many types of sensors it is much more efficient,
scalable and probably more precise to allow for integrating readily available processing
software instead of trying to always implement from scratch. Another good reason to
allow for such integration is that sometimes the providers or creators of a certain sensing
device are best placed to provide algorithms that deal with various sensing peculiarities.
Figure 10 also shows how the information processing is used in creating the MyRoR
stories.

Figure 10 Processing information in the MyRoR system
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Creating stories
Automatic story creation involves using available user information (either stored in the
user database or obtained on-demand from other content sources, as in Figure 10) and,
through performing various filtering, prioritising, abstracting and correlating algorithms,
creating an information structure based on concatenating story episodes (or events) that
are then mapped to a multimedia concept before being presented to an end user. Figure
11 summarises the process of creating the stories through two main modes.
In mode (1), the story-based structure described in Section 3.5.1 is applied to a pool of
available information. The available information is processed, correlated and organised
bottom-up according to a given story-based template. The story is then presented to the
main user and can be used for personal consumption or to be shared. For example, in the
scenario in Section 1.4.1, such story is used by Jane in order to identify the stressful
moments during her day.
Mode (2) starts top-down, from a story or at least an idea about the focus of a story. For
example, Bob from scenario in 1.4.2 decides that he mainly wants to see where he went
or who he met with and how his heart rate varied during the day. In addition, given that
he has a medical condition, he would like to share with his healthcare specialist
information on, for example, his stress levels during a certain period. For that, a special
story is created to capture information relevant to such issues (e.g., based on what the
user and the specialist consider relevant) as well as adapt the information that Bob feels
comfortable to be shown and how it can be shown (i.e., a certain level of abstraction).
Further dimensions can be added to this mode of story creation, such as embedding
persuasive methods for delivering a certain message (e.g., emphasise where/how Bob
could make changes to his lifestyle). Once such aspects are encoded, the appropriate
information needs to be discovered and gathered/accessed through the platform.

Figure 11 Story creation options
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In order to be able to accommodate such dynamic aspects, the story-creation process
should also allow for runtime adaptation of the material, e.g., based on changed
audience, availability of information or other issues, such as copyright for parts of the
material in certain jurisdictions, variations of material for certain age, population groups
or cultures.
Creating story events
As defined by Brooks in (Brooks, 1996), a story is formed by a collection of meaningful
events. Similar to any system that involves collecting and processing a large amount of
data the main challenge is to identify what data is meaningful enough to be included
within a story. In this section I discuss various methods considered for creating the story
events.
Option 1: Based on user annotations
End users themselves are best suited to determine what moments during their days were
interesting for them. Therefore, as also stated in Table 2, goal G3, when it comes to such
systems it is essential that we provide interactive means for end users to contribute
knowledge, both at recording time and after. A simple annotation process, such as
pressing a button whenever they consider that something worth remembering
happened, provides a considerable help to system designers to identify meaningfulness.
However, this is a fully manual mode and could lead to loss of information if the end user
forgets to annotate important moments during the day.
Option 2: Based on primary contexts
Another option for determining meaningful events is to select one or more “primary”
contexts and define the events based on significant changes within these contexts. For
example, significant changes in location, such as moving from home to car and from car
to university when spatial aspect is primary; significant changes in heart rate, as in
Scenario 1.4.2, where this aspect is important; significant changes in activity levels, when
activity aspect is primary or significant changes in socially oriented activities, when social
aspect is more important. The main reason to select this option would be because certain
information is more interesting than other and focusing on certain primary contexts
would insure that only relevant information is displayed to the end user. However, this
approach might not be able to accommodate changes in interests, i.e., when other
information becomes important.
Option 3: All contexts are the same
There is also the option that all the contexts are considered the same and the events are
created based on significant changes within any of them. In this case, the changes of
contexts determine the beginning and end of an event. However, given the huge number
of information types recorded it is possible that using such method would generate long
stories as well as display non interesting information.
Option 4: Mixed methods
This method is a mix of option 1 with any of the other ones, meaning that both user
annotations and automatic event detection are used for determining the story events.
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This is my preferred method, as it insures that user intentions are taken into account but
it does not only rely on such annotations.
The story creation process
This section presents the story creation process in terms of the steps involved (Figure 12)
as well as in terms of how it is realised (Figure 13).

Figure 12 Story creation process

The story events are created both based on user input as well as on system-based
reasoning (i.e., identifying certain significant changes or triggers), as described in Option
4. The user annotations as well as the various triggers detected from the data available
are used for determining the significant points into the recordings and for creating the
story events by adding a time range around each such point (e.g., +/- 5 minutes). The
reason for creating a time interval instead of just using the timestamps is to allow
capturing information that might be used to explain the meaningfulness of the event.
Creating a time range is especially useful in the case of user annotations as it allows
compensating for a user pressing after or before something interesting happened. The
story creation process from event determination to mapping to media objects is
summarised in Figure 12.
Figure 13 provides a more detailed and formal process of how the MyRoR stories are
created. In this, a story is defined as a set S = { ,  ,  ,  ,  }, where  is the set of
story events,  the set of story contexts (one for each event),  the set of information
objects (one for each event),  is the story setting and  is the media object associated
with the story.
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Figure 13 Story creation model

It is possible for  to have cardinality zero when no condition for creating story events
was fulfilled (i.e., no significant event creation trigger was found)28. Once the events are
created (defined by the start time, end time and trigger time=midpoint), the system
extracts relevant information from the database as well as the relevant external sources
(e.g., email server, calendar server, etc.) by checking all the available information
corresponding to each event  ,
1. . , forming the set of information objects  .
Based on the information objects found, values for each context type are computed for
each event (  ,  1. .  for each  ,
1. . ). For each context type there can be one or
more values  ,  1. . , depending on how many information objects are used for
determining such values as well as on how many types of processing algorithms there
are.
Media objects  ,  1. .  are then added to each context type, based on mapping
between context values and various types of media (as shown in Figure 12). Also, a textonly version of the story is created for each context type, and then for each story event
( .
The final story (S) is created by merging information available for each story event  ,
1. . . The media object associated with the story ( ) is created by combining together
the media objects ( ) and the text version ( ) for each event.

28

In such cases, other algorithms might be used to create story events, such as time-based.
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At the centre of this process is a collection of rules that provide the necessary algorithms
for processing the available input data. The next section describes this rule-based engine.
The rule-based engine
The rule-based engine was first mentioned in Section 2.2 as a choice for this work and
introduced in Figure 10 which emphasized the combination of external processing
algorithms with MyRoR rules. As argued for in Section 2.2, rule-based engines (expert
systems) provide certain advantages that make them the preferred solution for
processing information in MyRoR, due to the iterative character of this work as well as
the envisioned need for being able to provide an explanation mechanism for end users.
Section 3.4.1 already provided the argumentation, description and examples for why and
how certain information types are processed within the chosen context types. The
envisioned mappings from input data to the context types, including various
intermediary processing stages, were summarised in Figure 7.
Most of the rules employed in MyRoR are used at various stages within the story creation
process, as depicted in Figure 14.
An important phase depicted in Figure 14 is the story events creation (1), that involves a
decision of what constitutes meaningful moments during a certain day. This process is
achieved by creating a filter that includes various change conditions for observed
information types and applying this filter over the available data. The knowledge
necessary for the filter creation was mainly obtained through the empirical side of the
research framework (see Section 1.6.2) and formed an integral part of the PhD work (see
Section 5.4.3.2).
The other major reasoning points depicted in the figure are:
1) Determining what context types are available for a certain story event based on
what information objects have been found for it (2);
2) Determining the values for each context type; this might involve various means
for processing values of information objects, such as interpreting certain values
or correlating certain data (3) (e.g., deriving typing frequency based on number
of characters per minute - see Section 3.4.1 and the rule implementations in
Section 4.2.2);
3) Mapping numeric values to semantic labels (4) (e.g., dB value for sound level
mapped onto a possible type of environment, heart rate value mapped onto
'high/normal/low', etc., as detailed in Section 4.2.2);
4) Mapping semantic labels onto media objects (5).
The rule selection is optimised based on the context types they apply to, as in the Rete
algorithm (Akerkar & Sajja, 2010), as shown in the process described in Figure 13 and
Figure 14 (i.e., the rules to be used are pre-filtered based on the context type).
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Figure 14 Rule-based information processing

The information processing rules contain a varied and large amount of algorithms that
allow for deriving new knowledge from available input information. Depending on the
type of information, the algorithms could involve:
1) Averaging over the duration of the event (e.g., heart rate, movement, etc.);
2) Finding the ‘closest’ value to the trigger (i.e., the ‘trigger’ is the mid-point of a
story event and as data is not all sampled at the same time, we need to look
around the midpoint for an appropriate value);
3) Correlating certain information with time in order to derive frequency (e.g.,
typing speed, number of times the end user turned on the phone screen, number
of messages received, etc.).
All the reasoning points require existing knowledge for how to derive new higher-level
concepts, which can be provided at design time, by the end user or through learning.
Chapter 4 will extend on the specific rules created and the knowledge databases used for
implementing them while the evaluation findings in Chapter 5 will provide further insights
into why certain types of data and rules have been chosen.
The user interface and interactions
While initially visualisations and interactions were only meant to play a marginal role, they
became one of the main aspects of my work, driven by my decision to start exploring
story-based visualisations in order to create engaging and abstract presentations of
available information.
Given the central role played by end users in creating lifestyle management solutions and,
especially, within this PhD work, providing appropriate means for end users to interact
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with the MyRoR system is essential. The most important design requirements for such
means are:
1.

2.

3.
4.
5.

Create an interface that can offer both high-level, summarised views of information
(such as stories) as well as allow access to lower-level interpreted data (Table 2, G3)
in order to increase user understanding and further inferences, as discussed in
Section 3.5.2;
Allow users to be involved in the creation, interpretation and presentation of their
information through: (1) adding own notes/interpretations; (2) adding own media; (3)
customising interfaces;
When possible, use familiar interaction concepts for experiencing and sharing own
information;
Consider end user access to own data from various devices (e.g., desktop, mobile
phone, laptop) in order to support realistic scenarios (Table 2, G3);
If possible, use existing technologies that allow for remote access and social sharing.

In the next chapter I provide a detailed description of how the design aspects described
in this chapter were captured and realised in the MyRoR proof-of-concept.
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Implementing the experience platform
This chapter details the implementation of the MyRoR system along the main stages of
the information flow. Implementing a proof-of-concept played a very important part in
realising the vision and research goals described in Section 1.1, as it provided the
experimental playground necessary to explore the main research questions and allowed
for an iterative improvement of the system design and interactions.

Information gathering
The selection process behind the data gathering platform (see Figure 6) was driven by
the chosen problem space (i.e., lifestyle management) and the goal of capturing as many
aspects of lifestyle as possible while also taking into account various end user constraints
(Table 2, G1). That obviously might mean that certain aspects of a user’s lifestyle cannot
be captured (i.e., as they might require invasive sensing technologies) but the
information that can be captured through such systems has a lot of value, even when
incomplete. Section 3.4.1 provided a description of the various aspects of user context to
be covered through the gathering platform. As mentioned in Table 2, from an
implementation point of view, it was important that:
1.
2.
3.
4.
5.

6.

7.

the collected information should provide useful support for self-understanding and
reflective behaviours (i.e., help explain why something happened);
the system should deal with both static and mobile scenarios spanning various spaces
and situations;
the system should include commonly used user devices such as PCs, laptops and
mobile phones;
the system should include commercially available sensing devices, given that the
focus of the work was not on building new sensors;
the number of sensors should be limited both because of the amount of required
processing as well as to prevent systems that are too obtrusive or require too much
time and effort to use;
the platform should allow for runtime configurability, allowing for only certain input
sources and information types to be used, according to scenario, needs and
constraints;
the platform should allow for evolving through adding new sources and types of
information or removing no longer available ones.

Input information and sources
During the duration of the PhD work, there were several refinements in the set of data
collected or used by the system, even though the types of input devices (sources)
remained the same. Figure 15 shows the types of information that the MyRoR system was
able to collect or have access to as well as the input sources used to provide such
information. While such amount of information can seem overwhelming, note that it is
not envisioned that all the information is collected all the time. Instead, the system acts as
a broad platform providing information that can be used and further interpreted according
to the end users’ wishes and within appropriate scenarios.
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The platform collected information from both physical (raw data) and logical sensors
(such as URLs, calendar events, application usage, etc.). Most of the information was
recorded to the user’s machine and stored into the myror database. Some information
from external servers was obtained on-demand at the time of processing and
visualisation.

Figure 15 MyRoR input sources and data collected

Here are the detailed descriptions of the main input sources providing information to the
MyRoR system:
1. Mobile phone running Android-based sensing platform (AIRS)
Within the recording setup, a mobile phone was used to provide various types of
information (both automatically recorded and based on user input), covering multiple
aspects of user’s lifestyle. For that, I used AIRS, an Android-based sensing platform that
can collect various types of information and store them into a phone-local SQLite
database (TecVis LP, 2013a). The recorded values can then be synchronised with the main
storage machine via BT, WiFi, GPRS or USB and stored within a text file format into the
corresponding local storage from where they are parsed, processed and stored into the
myror database.
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It is important to note that while the principle remained the same, the actual platform as
well as the mobile phones used for recording changed over the duration of the work,
reflecting continuous advances in smartphone technologies and paradigms brought in by
the iOS and Android operating systems.
At the beginning, the mobile phones used in the MyRoR work were Symbian-based
(Nokia N95 8GB and the Samsung Omnia HD) and the sensing platform used was called
NORS (Trossen & Pavel, 2007a)(Trossen & Pavel, 2007b). With the dramatic increase in
the number of Android devices (Gartner, 2011), the level of access they allow to the
phone-based sensors, and the flexibility they provide for application development, the
NORS platform was ported to Android, becoming AIRS (TecVis LP, 2013a), available to
download from the Google Play. The platform porting as well as various major
improvements that have been done since 2011 were fuelled by the design requirements
as well as the user studies performed in MyRoR. A detailed description of the platform is
available either in (Trossen & Pavel, 2012) or through the manuals (TecVis LP, 2013b).
As shown in Figure 15, the AIRS sensing platform can record a large variety and number
of phone sensors29 as well as allow for user input captured through 2 home screen
widgets: one for text annotations and one for mood annotations (see Figure 16).

(a) Annotation Widgets on the
phone screen

(b)The list of moods available
through the Mood widget

(c)The interface for the Event
widget

Figure 16 AIRS home screen widgets

Through AIRS’ configuration means, an end user is able to decide when to record and for
how long (through explicit start and stop), which sensors should be recorded and how
often and also when to send the data off (i.e., synchronise). While most of the recorded
information is based on local phone sensors, there are some notable exceptions: (1) the
event button widget (for free text); (2) the mood button widget; (3) the weather
information; (4) external sensors, such as the Alive Heart and Activity Monitor (see
below).The widgets allow end users to add their own input, either for annotating certain
interesting events or, respectively, for making a note of their current mood. The weather

29

The availability of information types can vary with the type of the phone and with the Android OS version number.
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information sensor uses an external weather provider30 to collect current location-based
weather conditions.
2. The Alive Heart and Activity monitor
The Alive Heart and Activity Monitor is a small wearable sensing device developed by
Alive Technologies (Alive Technologies, 2011). The device can measure ECG through 2 skin
electrodes, as well as 3 axis accelerometer data. It also provides an event button that can
be pressed by an end user in order to provide annotations to the
recording, by changing its value from 0 to 1 for the next second.
The device provides various ways to record information: (1) on
an internal SD card; (2) on a mobile device via Bluetooth and
special software that can communicate with the monitor; (3) on
a PC desktop or laptop, via Bluetooth and through a special
software. The ECG is recorded at a rate of 300 samples/second
and the accelerometer data is recorded at a rate of 75 samples/second. The data is stored
in binary files following a proprietary format and is synched with the main storage
machine through various means, depending on how it was recorded (either copying from
the SD card, from a mobile device, or simply by accessing the local desktop/laptop
storage, if the PC software was used). The binary files are parsed, decoded, converted
and the extracted data is stored into the myror database. Given the high amount of
recorded information, I used certain optimisations for this process, as discussed in
Section 4.1.2.
3. Garmin ForeRunner 305
The Garmin ForeRunner 305 is a popular wristwatch-like
device used for fitness-related monitoring. The device is
capable of providing heart rate and GPS-related information,
both raw (i.e., as latitude, longitude, altitude) as well as
interpreted (e.g., distance, speed, etc.). A chest belt monitor
provides heart rate information. All data is recorded on the
device itself and can only be stored to the user machine
through its own USB-based cradle31. The information can be
obtained through exporting it from the Garmin
TrainingCenter software. Once exported, the information is stored on the main storage
machine in TCX files, XML-based files that are created based on the Garmin XML Schema
(Garmin, 2012).The XML files are parsed and converted and the extracted data is stored
into the myror database.
4. PC activity monitoring platform
Such a platform is needed to provide various types of information related to the user’s
desktop/laptop activity. After testing multiple platforms (as further described in Section
4.4.1), I eventually decided to use the Windows-based ActualSpy
(http://www.actualspy.com/ ), that can record data on the local machine in easy to access
30

Collected through a Google API till September 2012, now through an alternative provider as the Google weather API is
not available anymore.
31More recent versions of such devices are able to synchronize data with a computer automatically by using a USB ANT
device.
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formats (i.e., text files), and it allows for user awareness (i.e., by running in non-stealth
mode). The platform can record:
URLs visited (useful to determine web as well as search activity)
applications used and associated events (i.e., application started, run, and closed),
user name (helpful to differentiate between multiple users)
• keystrokes (can be used to search for certain keywords in order to determine
interest as well as frequency of typing for activity intensity)
• screenshots (timer-based snapshots of the whole computer screen that allow for
seeing more than the current active application)32.
The information is recorded within a given location of the local filesystem in a proprietary
text file format. The files are then parsed in order to extract the information and store it
into the myror database.
•
•

5. External services
External servers are used to provide additional information regarding user’s activities.
There are currently three main servers used: (1) the Google calendar; (2) IMAP-based
email servers; (3) a weather server providing information through AIRS. While the
weather server provides information that is recorded through AIRS and stored into the
myror database, the other two services are only used on-demand, as part of the MyRoR
GUI. The services can provide information taking as parameter a specific day. The
calendar service can provide relevant information such as meetings, participants,
locations or any other events noted in the user’s Google calendar. The email service can
provide information about emails received or sent during a given day. In the current
implementation, the parsed folder is INBOX for any IMAP-based email server a user would
like to check and the AllMail folder for Gmail. The advantage of using the Gmail server is
that the query returns all emails, both sent and received, during the specific day.
Recording and storing data
The recording setup used reflects the main usage scenario that assumes the data
gathering phase disconnected from the processing and visualisation phases. In this setup,
a user can record information by using one or more sources available to MyRoR: the Alive
Heart and Activity monitor, a mobile phone running the AIRS sensing platform, a desktop
activity platform and a Garmin wristwatch/heart rate monitor (see Figure 17).
The information collected on these devices is then synchronised with the main machine
and stored into local folders corresponding to each source (the structure of the local
storage is given within a settings file called myror_settings.txt). The sync
operation is not fully automated, meaning that each device had its own means to transfer
data, as described in Section 4.1.133.
Once stored into the local folders, the getinputdata.jar component (i.e., the
software realisation of the Data Gathering Manager and the Data Transformation

32

This feature is not used in the current MyRoR version due to the need for additional storage and processing required.
There was no real-time operation mode included within the chosen scenarios; therefore issues associated with such
usage are not discussed here. However, if the need for such mode appears, it can be accommodated with appropriate
technological means (capability to sync wirelessly, available connectivity, trigger-based processing mode, etc.).
33
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Manager from Figure 6) that includes the gathering modules described in Figure 18 is
used to parse each input file, perform various data filtering and transformation
operations and store the formatted information into the myror MySQL database. The
information is stored into the database according to a predefined structure, represented
through the Database Model (introduced in Section 3.3 and presented in Figure 19).

Figure 17 Information gathering setup

The gathering modules were implemented in Java, primarily due to its portability and
available libraries, such as the ones required to access email, Google calendar, parse XML
and so on. The Eclipse environment was used for development. The
getinputdata.jar is the executable of the GetAllInput.java, which is the main
class file from which all other gathering modules are called. The GetAllInput class
takes as input the settings file, myror_settings.txt, and a parameter that
determines one of these two modes:
Create: all tables used for storing recorded myror information are cleared and the
input files are all parsed and the database data (re)created;
2. Update: only the input files that have not been parsed before are parsed and new
data is added to the database.
The configuration file makes it easier to provide customisations from one user to the
other without the need for recompiling, as it records machine-specific information, such
as the path where the recorded data is stored, the path of the additional programs that
need to be run (such as the software used by the Alive monitor), as well as database
credentials. The configuration procedures were constantly improved during the user
evaluations in order to reduce the time and effort required in this step.
1.

The UML diagram of the gathering modules is shown in Figure 18. The main package is
myror.input.all that includes GetAllInput.java. The rest are:
1) myror.input.mobile: parses the input files collected from the mobile
phone by using the AIRS (previously NORS) platform;
2) myror.input.alivehm: parses files recorded through the Alive Heart and
Activity monitor; stores information about the ECG and accelerometer data;
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3) myror.input.desktopdata: parses input files generated by the ActualSpy
desktop activity platform;
4) myror.input.garmin: parses input files generated by the Garmin
TrainingCenter software. The package also includes a package containing the
Java-based class structure of the Garmin XML Schema.
While I initially implemented Java-based modules that could gather calendar and email
data, I eventually decided to only make such information available on-demand, accessible
through the MyRoR’s user interface (see Section 4.3). The email for a specific day can be
obtained through IMAP directly from any email server by using PHP methods. The Google
calendar events for a specific day can be obtained from the server by using the PHP-based
Zend Framework (Zend Technologies, 2011).
The data gathered through the modules described above is stored in a MySQL database,
called myror. I chose MySQL because of its wide-spread adoption and its easiness to
install under any operating system.
Figure 19 shows the database structure for the information gathering (i.e., the Database
Model). The recordings table is the centre point of this structure, as it stores links to each
input file parsed by the modules, together with some other information, such as
information about the source and timestamps for the start and end of recordings. All the
other tables relate to the recordings table through the rec_ID parameter.
The tables used to store information collected through the Alive Heart and Activity
Monitor are: alive_ecg_values, alive_acc_values, alive_battery_level. Figure 19 also
includes two tables that store processed information, alive_heart_rate (stores heart rate
values computed based on ECG values) and alive_energy (stores energy expenditure
values determined based on accelerometer values).
Data collected through the AIRS mobile phone platform is stored in the phone_data
table. As AIRS is one of the most dynamic input sources used by MyRoR, with new
information types constantly being added based on increased technological availability
as well as on feedback obtained from the study participants, I created a structure that
can easily accommodate such dynamic process. Whenever a new information type is
added, the gathering module just needs to define a new sensor_ID, the type of the
value(s) provided and a description name for the type.
The information provided by the PC activity platform is currently stored in three tables:
app_activity (for application-related data), web_activity (for web browsing) and
keystrokes. Each of these tables stores not only the actual value (i.e., the app name, urls
and typed characters) but also related information that can be used to derive context of
usage (e.g., username, window caption, etc.).
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Figure 18 UML diagram for the data gathering modules
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The information extracted from the XML-based Garmin files is stored in two tables:
garmin_laps and garmin_trackpoints. The Garmin input files provide a lot of
information stored within a hierarchical structure, and in the process of parsing and
storing this data into the database I also needed to decide what could be interesting or
not.

Figure 19 The Database Model

The database structure evolved around the continuous addition of new input sources and
information types. New tables were created when gathering modules for new input
sources were added. The reason for not using a single table for all information types is
that different fields are needed in order to store parameters associated with a certain
information type and it is very hard to create a general structure that can accommodate
any future additions. Another reason why separate tables are needed for certain
information is related to the difference in sampling as inserting data at the right place
(i.e., based on timestamp) would require additional comparison operations. Some
information types that are easier to synchronise were put together into the same table
to simplify the creation of correlated information (such as the heart rate and the event
button).
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Data size
Data size is an important issue in such logging applications, given the length of the
recording and the multitude of data types recorded. The following data volumes were
generated over an hour-long recording:
Source

Recorded Input

Input file size/hour

Format

Alive monitor

ECG, 3-axis accelerometer

Approx.1.6MB

Binary

AIRS platform

TR (tasks running), CB (cell Approx. 67KB
signal strength-bars), CS
(cell
signal
strengthpercent),
CC
(country
code), LI (ambient light
levels), Ba (battery level),
AS (ambient noise level), VI
(weather info), GI (GPS
info),
BT (BT devices
around), Sc (screen status –
on/off),
MP
(media
playing),
MO
(mood
annotations), IC (incoming
calls),
EB
(event
annotations)

Text file

PC platform

Web activity, applications, Approx. 50KB
keystrokes (with control
chars, no screenshots)

Text file

Garmin

GPS, heart rate

XML file

Approx. 1.5MB
Table 3 Recordings sizes

Of course, once the input files are parsed and the data is stored into the MySQL database
the required storage sizes change. It is more difficult to compute how much would be
required to store one hour of data from each input source as multiple database tables are
used for storing various information in a relational structure. The text files generated by
the phone and the PC platforms are parsed and the useful information is extracted from
them, such as recording timestamps, input type and values. The Garmin input data is
heavily downsized as the input files are parsed according to the Garmin’s XML Schema,
and only the interesting information is extracted from the XML structure.
However, high-sampling input such as ECG (sampled at 300 times/per second) and 3-axis
accelerometer (sampled at 75 times/second) can lead to huge database sizes and an
increased time on database operations. In order to deal with such issues, I decided to
create binary file repositories for ECG and accelerometer data and only store pointers to
these files into the database. Hence, the raw data is still preserved for further processing
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(e.g., heart rate determination based on ECG or energy expenditure based on
accelerometer data) but the database size is substantially reduced.
Writing to the database is a very time-consuming operation, especially for data sampled
quite frequently. Hence, I use buffered writing operations in order to improve the data
storing performance.
Data formats
One of the most challenging and time-consuming engineering operations within such
systems is the parsing of input source files. Very often, each input source has its own way
of representing recorded information. Therefore, specific gathering modules have to be
created for each new source added. The ideal case is when new sensors are added to
existing sources, such as the AIRS platform, since then only the information of the new
sensor (name, type, and description) needs to be added to the phone data gathering
module. In this section I describe how each input source represents the information it
provides and how the MyRoR system parses, filters and finally transforms such
information before it is stored into the myror database.
The Alive monitor records information in binary format. The files extension is ATS or ats
or atsc (the ones recorded on the internal SD card). The detailed ATS format is presented
in ANNEX E. The GetAHMData.java package (see Figure 18) is used to parse all ATS
files found in the corresponding local storage. Each ATS file contains data recorded from
when the device was switched on to when the device was switched off.
The AIRS platform collects data on the mobile phone in a local SQLite database but when
recorded values are synchronised with the main storage machine, they are stored in text
files in a specific format. An AIRS data file starts with the date and time on the first line,
followed by the actual values in the format:
#time(ms from beginning of recording);sensor ID;sensor value(s)
where sensor ID denotes one of the many sensors AIRS is currently able to record (TecVis
LP, 2013a), and the sensor value(s) is the value (or set of values) of such sensor. The
number of values as well as their types depend on the sensor being recorded. As some
sensor values can be multiline (e.g., BT devices, Tasks running on the phone, SMS
content, etc.), the ‘#’ sign is used to delimit sensor recordings. The
GetPhoneData.java and the other classes in the myror.input.mobile package
(Figure 18) contain code for parsing the AIRS files and storing the information in the
database. Special care has to be taken of the multiline sensor values, as well as of the
string sensor values, as they need to be properly escaped before being stored into the
database in order to avoid the situations when the values contain special SQL characters.
The PC Activity platform records information in text files based on its own structure (see
ANNEX G). The ActualSpy platform allows end users to set how often such reports are
saved onto the local machine and what is recorded. Each recording file is parsed by the
myror.input.desktopdata in order to identify the entries for web activity,
applications and keystrokes recordings.
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Garmin data needs to be exported through Garmin’s own software in order to be used
by the MyRoR system. The data is exported in XML format, following Garmin’s own TCX
XML Schema (Garmin, 2012). The schema is converted to a Java class-based
representation through the methods provided by JAXB (Oracle, 2012), which also
provides methods for un-marshalling each of the XML-based Garmin input files. The
hierarchical structure of the TCX schema requires several parsing rounds to extract the
useful information, such as the GPS coordinates and heart rate values, which are found
within the Garmin laps and the trackpoints, under the list of activities. Other derived
information, such as average heart rate, distance, cadence, etc., can be obtained from
the lap recordings.

Information processing
This section contains all aspects of the information processing performed within the
MyRoR system. Section 3.4.1 includes examples of information derived from the input
information objects and their relation to the various context types. Some of the
derivations have not been implemented due to extensive implementation requirements.
I will describe here what kind of processing is currently available and how it is done.
However, as discussed in Chapter 3, the vision is that new processing algorithms can be
further added into the system either based on creating new correlations and
interpretations or by incorporating readily available external algorithms.
The current implementation already reflects such ideas, as it combines external
algorithms with own implementations. The next subsections provide more details.
Using available algorithms
One of the input data that needs further processing is the one collected through the Alive
Heart and Activity Monitor: ECG and 3-axis accelerometer. In order to be able to provide
more meaningful interpretations of their values, I decided to use heart rate values
(measured in bpm – beats per minute) instead of ECG (measured in mV) and activity level
measures (represented through METs) instead of a (X, Y, Z) measurement (between +/2.7g).
One important aspect about these measurements is that they do not always provide
correct values, mainly because they are highly influenced by recording conditions, such
as movement (i.e., movement produces spikes in the data) or skin conductivity (i.e., dry
skin provides less reliable results). Designing reliable algorithms capable to eliminate
noise in heart rate/ECG sensors is a separate research area and it is not part of this thesis
work. Therefore, in real-time applications where warning functionalities are required,
special care has to be taken in detecting real emergency situations34. However, for this
work’s purpose, looking at heart rate or movement trends (i.e., changes over a certain
period of time) provides enough information to determine if the user had an elevated
heart rate or how much he was moving.

34

For more on such issues see (Q. Li, Mark, & Clifford, 2008).
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While I initially looked into creating own algorithms for computing heart rate based on
recorded ECG data, I eventually decided to use the algorithms provided by Alive
Technologies, given that they manufactured the device and were best positioned to
know its workings and calibration settings. It also allowed me to continue with my work
and integrate any advances in algorithms as provided by the company.
For example, when I started using their device in 2008-2009 their conversion software
(atsconvert) only provided heart rate computed through a basic QRS detector, using a
simple mid mean35. In 2011, they provided an improved software to compute heart rate,
allowing for removing outliers (false beats) and computing heart rate over varying time
intervals (from beat-to-beat to 600 seconds).

(a) Heart rate determined over 1 second

(b) Heart rate determined over 15 sec
Figure 20 Computing heart rate from ECG

Increasing the time interval over which heart rate is computed allows for eliminating
some of the data “spikes”. Computing the heart rate over 5 seconds produces better
results than over original ECG (sampled at 300 Hz) or over 1 second. Computing it over 10

35 For more on computing heart rate based on ECG see (Hamilton, 2002), a documentation provided for an open source
software whose algorithms formed the base for the atsconvert.

80

seconds does not seem to provide any significant improvement but computing it over 15
seconds produces a better heart rate profile (getting rid of more “spikes”) (see Figure
20).
The updated atsconvert software also provided an option to convert the 3-axis
accelerometer data into energy expenditure, measured in METs (Metabolic Equivalent of
Task)(Wikipedia, 2012a), kcal/min, or kcal/hr. For the MyRoR system, I chose to convert
the data into METs, the metabolic equivalent, which provides an estimation of the energy
expenditure per a physical activity in a way that does not depend on an individual’s body
mass (weight). The energy expenditure is computed in relation to a predefined resting
metabolic rate (Ainsworth et al., 1993)(Ainsworth et al., 2011). While not providing an
exact measure for the energy cost of an ongoing activity, MET values provide an insight
into how active a user was at a certain time and an approximate classification as to what
type of activity the user might have been involved in (see Table 5).
The AIRS mobile-based sensing platform also incorporates its own algorithms that allow
for deriving sensor values out of phone’s sensors. While some of the values are provided
by the Android API, some other ones, such as the sound pressure level (AS) need to be
computed inside AIRS. Currently, the dB value provided by AIRS is computed based on
sound pressure algorithms using a simple root mean square (RMS) algorithm.
Implementing own algorithms
Most of the information processing is performed as part of the story creation process.
Figure 21 shows the UML class diagram of the PHP-based software created for building
the story, starting with receiving the command for accessing a daily story through the
MyRoR GUI (see Figure 24). The information is processed along 7 context dimensions,
described in Section 3.4, and according to the process described in Figure 13. In the
EventContext class (implemented in the EventContext.php), these algorithms are
implemented by the methods computeActivity, computeAvailability,
computeEmotional,
computeEnvironmental,
computeSocial
and
computeSpatial. Before discussing each of these methods separately, I will first talk
about how the story creation happens in the current implementation. 0 includes the
detailed sequence diagram of how the story creation is done and the interplay between
the various classes. For further details, see the code attached in ANNEX D.
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Figure 21 UML diagram for information processing within story creation

4.2.2.1 Creating story events
As discussed in Chapter 3, an essential part of the story creation is selecting the events to
be shown in the story. The current implementation considers only a limited set of triggers
mainly because of trying to keep the number of events (and therefore the story length)
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manageable. Currently, the events are created by querying the database for certain
conditions. Here is the SQL query used to extract data:
SELECT time_utc, timestamp FROM myror.alive_heart_rate WHERE ((timestamp LIKE
'".$day_format1."%') OR (timestamp LIKE '".$day_format2."%')) AND (event='1')
UNION
SELECT time_utc, timestamp FROM myror.phone_data WHERE ((timestamp LIKE
'".$day_format1."%') OR (timestamp LIKE '".$day_format2."%'))" AND (sensor_ID='EB' OR
sensor_ID='MO' OR sensor_ID='IC' OR sensor_ID='OC' OR sensor_ID='SR' OR sensor_ID=’SS’)
UNION
SELECT time_utc, time FROM myror.app_activity WHERE ((time LIKE '".$day_format1."%') OR
(time LIKE '".$day_format2."%')) AND (app_path LIKE '%skype%')
ORDER BY timestamp ASC";

The query translates to:
1) Consider data from the given day (I try two date formats : XXXX-XX-XX and XXXXX-X as the timestamps might contain both formats)
2) Get timestamps when the event button on the Alive monitor was pressed (event
=1)
3) Get timestamps when the event widget on the phone was used (sensor ‘EB’)
4) Get timestamps when the mood widget on the phone was used (sensor ‘MO’)
5) Get timestamps when a phone call was received or made (sensors ‘IC’ and ‘OC’)
6) Get timestamps when a sms was received (sensor ‘SR’)
7) Get timestamps when a sms was sent (sensor ‘SS’)
8) Get timestamps for when the Skype application was used on the desktop
(app_path includes ‘skype’)
9) Merge all results and order timestamps incrementally.
Once the query is executed, it returns a set of results that includes timestamps for the
data that fulfils the given conditions. The events are then created by adding a time range
around these timestamps (+- 5 minutes), effectively creating 10 minute events.
During the duration of the PhD, I have experimented with various other conditions, such
as heart rate or energy expenditure rising above certain thresholds, as well as checking
for phone screen on (taking the moments when the user turns on the phone screen as a
trigger). However, such conditions created too many events so further improvements
need to be made, including user-based input options.
4.2.2.2 Computing event contexts
As described in Figure 13, once the events are determined, the system needs to search
the database for information recorded within the timespan of each event36. A certain
number of information objects are created, based on how many distinct information types
have been found for each event. These information objects are used to determine what

36

Due to differences in sampling (i.e., data can be sampled a few times a second, a minute or once every few minutes),
some data might not show as available during an event even though it was being recorded.
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event contexts should be computed for each event. For that, I use a mapping from type
of data to event context, such as presented in Figure 2237.

Figure 22 Examples of mapping from information objects to context types

I describe here the processing performed within each context, with regard to what input
information types are used, what values are derived and how. For each event context, I
use a rule-based engine (see Section 3.5.6) to compute its value(s). Given the wealth of
information that can be recorded, I focused on certain parameters first, especially based
on what I noticed that people were most interested in when using the system. The type
of information currently interpreted/processed is underlined in the tables below. The
information that was considered but not yet processed is shown in grey and is included
here just to give an idea of future processing.
Activity context
Input data used
EE (energy expenditure)

Values/Labels
Computations
Very
light/Low/Moderately See Table 5 for rules used.
light/Moderate/Moderately
vigorous/Vigorous/High
activity levels

37 Not all mappings have been implemented in the current version. In the tables below it can be seen which information
objects are currently addressed and how.
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KS (keystroke activity)

Typing,
Typing
(chars/min)

rate For typing rate: compute
number of characters
typed per minute.
MP (last played music Music played, Last track Extract information of the
track)
played
last played track.
Sc (phone screen on/off) Screen on xxx time(s), Phone Test how many times Sc
used for xx minutes
was 1 during the event
duration.
WEB (web activity)
Web surfing, Search query, If
urls
have
been
Links followed.
recorded, say “Web
activity”;
show
urls
recorded; extract search
keywords from urls.
APP (applications used)
Computer used, Applications If application activity
used and for how long
recorded, say “Computer
used”.
Bc (battery charging)
Phone charging
TR (phone running tasks) Phone apps running
Table 4 Computing activity context

For giving an indication of how active a user was during a certain event, I used the
following mapping between MET values and categories of activities, based on
(Ainsworth et al., 2011):
MET value (ee)
ee < 1.5
1.5 <= ee <= 2.0

Activity class
Very light activity levels (e.g., sitting, standing, reading, etc.)
Low activity levels (e.g., note taking, slow walking, light work)

2.0 < ee <= 3.0

Moderately light activity levels (e.g., walking at slow pace,
standing, slow dancing, etc.)
Moderate activity levels (e.g., moderate walking, climbing
stairs, slow biking, house jobs, etc.)
Moderately vigorous activity levels (e.g., faster walking,
climbing stairs)
Vigorous activity levels (e.g., slow jogging, tennis, skating, etc.)
High activity levels (e.g., hiking, rowing, bicycling, jogging,
running, etc.)

3.0 < ee <= 4.0
4.0 < ee <= 5.0
5.0 < ee <= 6.0
ee > 6.0

Table 5 Interpreting energy expenditure

Availability context
Input data used
Values/Labels
Ba (phone battery levels in Critical battery level,
percentage)
Low battery level, Good
battery level, Excellent
battery level

Computations
Compute average battery level
value during event. Test value
as shown in Table 7.
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CS (signal strength in dBm, Poor phone signal, Compute
average
signal
negative values – smaller Decent phone signal, strength over the event. If the
means worse)
Very good phone signal value < -105 then “poor”, if the
value between -105 and -82 it’s
“decent” otherwise “v. good”.
CB (signal strength in bars) Poor phone signal, Compute
average
signal
Decent phone signal, strength over the event. If the
Very good phone signal value < 2 then “Poor”, if the
value between 2 and 4 then
“decent”, otherwise “very
good”.
CD (GPRS data connection Data connection on/off
status)
IC (incoming call)
OC (outgoing call)
BT (BT devices around)

Busy/In
a
call
(+duration)
Busy/In
a
call
(+duration)
BT devices available
Table 6 Computing availability context

Battery value (Ba)
Ba < 10
10<= Ba <= 30
30 < Ba <= 70
Ba < 70

Value
Very low battery
Low battery level
Good battery level
Excellent battery level
Table 7 Phone battery levels

Emotional context
While not fully representing an emotion, heart rate levels can be used for deriving such
information (Picard, 1997), therefore they were included in this context type. However,
as just heart rate levels are not enough to derive actual emotions, the information was
only processed up to the level of indicating the averaged heart rate value over a certain
story event. The values are assigned by checking the average heart rate value against
certain thresholds. These values are somehow generic as they might differ based on
people, as described in (Nordqvist, 2013), i.e., what is ‘low’ for someone can be
considered ‘normal’ for someone else, like an athlete. Ideally, the user-dependent values
should be adjusted either manually or through learning. The values for the mood widget
were mainly selected through exploring the sets of emoticons used in social networks as
well as based on needs identified during the user-based evaluations.
Input data used
HR (heart rate)

Values/Labels
Very high heart rate, High
heart rate, Good heart rate,
Low heart rate

Computations
Compute the average heart
rate over the event. If value
< 65, “low”, if value
between 65 and 100, then
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MO (mood widget)

KS (keys)

Very happy, Happy, Feeling
good, Positively excited,
Confused,
Anxious,
Doubtful, Not sure, Upset,
Not
happy,
Annoyed,
Shocked, Tired, Sad, Very
sad, User-defined mood
Emotion-related keywords
found (e.g., happy, angry,
swear words, etc.)

“good”, if value between
100 and 150 “high” and if
>150 “very high”.
Extract values for the MO
sensor recorded during the
event. Map value to
corresponding image (if it
exists).

Table 8 Computing emotional context

Environmental context
Input data used
Values/Labels
Computations
AS
(ambient Low noise, Medium noise, Medium- Compute average value for
noise levels)
high noise level, High noise level
AS over event and test its
value against certain value
intervals. See Table 10 for
rules.
LI (light intensity) Very dark, Dark, Not much light, Get all recorded values for LI.
Indoor light, Bright indoor/Cloudy Create an array of unique
Outdoor, Bright outdoor
values recorded (useful to
figure out which environment
was predominant). For each
unique value use Table 11.
VI (weather info) Can provide temperature, wind, The weather record contains:
humidity and a description of “latitude:longitude:temp
weather conditions.
Celsius:tempFahrenheit:humi
dity:conditions:wind”.
Currently I extract the values
for conditions (e.g., sunny,
cloudy, etc.) and map them to
a corresponding icon used
within stories. The other
weather parameters are also
extracted and used within the
detailed visualisations.
BM
(battery Surrounding
temperature
temperature)
(approx.)
Table 9 Computing environmental context
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The ambient noise level measured through the phone’s microphone (and provided by
AIRS) represents the sound pressure level. According to Wikipedia, the sound pressure
level (SPL) is “a logarithmic measure of the effective sound pressure of a sound relative to
a reference value. It is measured in decibels (dB) above a standard reference level. The
commonly used "zero" reference sound pressure in air is 20 µPa RMS, which is usually
considered the threshold of human hearing (at 1 kHz)”. It is difficult to define an exact
mapping between the values and their meaning as the sensor readings heavily depend
on sensor calibration, phone hardware, etc. Therefore, I use value intervals mainly
derived based on mappings such as the one defined in (sengpielaudio, 2012).
Sound pressure level value (dB)

User-level mapping

as< 30

Low noise level

30<= as< 60

Medium noise level

60<= as< 70

Medium-high noise level

as>= 70

High noise level
Table 10 Interpreting ambient noise level

Ambient light level is measured in SI lux units (defined by the International System of
Units) and it measures the intensity of light that passes through a surface. Various
mappings between light intensity and the environment types exist. One of them is
presented in (Windows Dev Center, 2012). The exact values returned by the phone sensor
(through AIRS) depend on the phone used and even on the software version so it is
necessary to use value ranges and an interval-based mapping to potential environments.
For the MyRoR system I use a simplified version of such mapping:
Ambient light level (lux)
li <= 5
5 < li <= 10
10 < li <= 100
100 < li <= 1000
1000 < li <= 10000
10000 < li

User-level mapping
Very dark
Dark
Not much light
Indoor light
Bright indoor/Cloudy outdoor
Bright outdoor
Table 11 Interpreting ambient light levels

Mental context
This context is meant to show end user’s interest at a certain time, in terms of what the
user was searching for, looking at, how intense she was typing (depending on what apps
were used). For that, I consider computer activity, such as web activity and applications
used.
Input data used
WEB (web activity)

Values/Labels
Links followed, Search
terms, Search trace (links
over time)

Computations
Extract host name as well
as search terms from
recorded urls.
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KS (keystrokes)+APP(apps What apps were used, for
used)
how long and how intense
(e.g., typing rate)
Table 12 Computing mental context

Social context
Input data used
APP (applications used)

Values/Labels
Skype used and name of
person used with (if chat
window recorded).

Computations
Search for ‘skype’ within
the recorded applications.
If found, extract and show
information
recorded
through
the
window
caption (for Skype chat
windows shows who the
chat was with).
BT (BT devices around)
Low /Medium/High number Determine unique MAC ids
of devices around, Who was for BT devices recorded
around and for how long
and count how many times
they were recorded during
the event. If less than 5
devices then “low”, from 5
to 10 “medium”, over 10
“high” number of devices.
BN (returns the number of Low/medium/high number Same as above.
devices around)
of devices
IC (incoming call)
Call received from number
Extract information on
calls received, such as
number and name (if
contact in the phone).
OC (outgoing call)
Phone call made to number Extract information on
calls made, such as number
and name (if contact exists
in phonebook).
SR (sms received)
Sms received from number Extract information on sms
received, such as number,
content and name (if
contact
exists
in
phonebook).
SS (sms sent)
Sms sent to number
Extract information on sms
sent, such as number,
content and name (if
contact
exists
in
phonebook).
Table 13 Computing social context
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Spatial context
Input data used
CC (mobile country code)

Values/Labels
Country

GI (GPS info recorded as You were at A;
longitude:latitude:altitude)
You moved from A to B.
[A and B can be userdefined locations or
addresses
obtained
through Google API]

WF (wifi info)

You were at A.

WI (ssid info)

You were at A.

Computations
Find value closest to midpoint
and map value to country
name
and
abbreviation
(based on defined mapping –
defined
in
file
convert_mcc.php),
as
given in (Wikipedia, 2012b).
Find GPS coordinates closest
to midpoint and map either to
a user-defined location or to a
Google
address.
For
detecting moving, get GPS
coordinates at beginning and
end of the event and
compute distance between
them.
See Figure 23 for how the GPS
information is interpreted
within a story.
Find
value
closest
to
midpoint, extract ssid and try
to map ssid to location name
(if user defined).
Find
value
closest
to
midpoint, extract ssid and try
to map ssid to location name
(if user defined).

CI (cell ID)
CL (location area code)
Table 14 Computing spatial context

Figure 23 presents the algorithms used to derive a more meaningful location based on
the GPS data, when such data is available. First, I try to obtain the GPS coordinates
recorded around the mid-event. If such coordinates are not available, I try to find the
“closest” available ones in the period of time defined by the event. The GPS coordinates
are then checked against the database myror.user-defs, which stores all userdefined places (based on GPS as well as on known WLAND SSIDs), both as ‘place’ (i.e.,
lower granularities) and as ‘area’ (i.e., higher granularities). A GPS-based user definition
contains: (1) a label given by the user; (2) a path to an image that can be used to represent
that place or area (used to customise the story); (3) the central coordinates: latitude and
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longitude; (4) the type: either a place (e.g., home, office, university of essex) or an area
(e.g., Colchester area, London, Cambridge area)38.
In order to check for known places or areas, I use two algorithms that test if the recorded
GPS coordinates fall within: (1) a given ‘place’ zone; (2) a given area. For that, a recorded
GPS  ,  ! is checked against each user-defined places "  ,  ! ), for
all 1 #  # $% , where $% is the maximum number of user-defined places and against
each user-defined area&  ,  ! ), for all 1 #  # $' , where $' is the
maximum number of user-defined areas in the database.

Figure 23 Determining location

The test for places: ()* ( +  , - 0.01, &/0 ()*( ! +  ! , - 0.02,.
The test for areas: ()* ( +  , - 0.03, &/0 ()*( ! +  ! , - 0.05,.
All the semantic context values obtained through the processing algorithms are
embedded into the story-based presentation model, as it will be shown in the next
section. The values are further interpreted and mapped into graphical representations or
are presented to the end user as part of the text-based narrative. The following section
includes details of how such values are further used.

38 The user definitions based known SSIDs require a label, a path to an image to be used to represent that place and the
SSID name (e.g., Essex Wireless for university of essex).
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Visualisations and interactions
As mentioned in Section 3.5.7, it was important to consider familiar interfaces that allow
users to customise, add their own data and remotely access it. After considering creating
own system interfaces, I decided that current web technologies could provide solutions
to all such requirements. Given their popularity, configurability, extendibility through the
many available plugins, available personalisation means through a large number of
themes, remote access interfaces provided for any device and from any platform,
blogging platforms such as WordPress39, provided all the needed means to create the
MyRoR GUI.

Own notes

Calendar-based
interface

Visualisations
for
information collected
and derived stored in
the personal database

Information accessed on
demand from remote
servers

Daily story

Figure 24 The Myror GUI

39

http://wordpress.com/
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The main criteria I considered when selecting WordPress were:
1) Very active community of developers, providing often updates to the platform as
well as to the plugins and themes;
2) Day-based access to information through calendar;
3) Familiar interface of a personal blog, which also allows users to add their own
data;
4) Easy personalisation through themes and plugins;
5) Easy to add sharing means through various plugins (e.g., for sharing with
Facebook, G+, Twitter, etc.);
6) Information is easy to access and modify from any device, including mobile
devices.
The MyRoR system interface shown in Figure 24 allows grouping various types of
visualisations and media together, so that the user has access both to higher-level
representations, such as stories, and to more detailed one, such as graphs, tables, maps
and word clouds. Another major advantage is that users can add their own media such as
related media collected through other means (e.g., photos, videos, etc.) as well as
thoughts, which could be reflections based on collected information. Using the calendar
as an entry point follows the current approach in MyRoR of creating daily stories and
makes it easy to show which days have available data.
The system can also be accessed through mobile devices (e.g., by using Wordpress apps
on Android and iOS or via a standard web interface), which makes it easy to retrieve notes
and visualisations as well as add new content while on the go.
More importantly, there is no need to upload user information to a server, as the
Wordpress platform can run within the user’s own environment setup, for example by
using the XAMPP40 installation package that provides an Apache web server, a MySQL
database and a PHP engine.
The Wordpress platform is installed under the Apache server and is easily accessed
through the localhost url (http://localhost/wordpress/)41. A PHP script can be used
to determine if there is new data in the myror database. For each day that has any
recorded data, a blog post that provides access to this data is created, together with
other posts giving access to additional information such as: the Google Calendar, any
IMAP server and the daily story (see Figure 24).
Detailed visualisations
The MyRoR system provides both detailed and high-level visualisations in order to
accommodate various levels of access to information (following from G3 in Table 2). In
my quest to find appropriate tools for visualising information I have considered and tried
multiple libraries, such as Prefuse (prefuse.org, 2011), Piccolo (Piccolo2D, 2011),
phpGraphLib (Brueggeman, 2012), jqPlot (Leonello, 2012), pChart (Pogolotti, 2012), as
well as online tools such as ManyEyes (IBM, 2012). PHP-based libraries provide the
advantage that they can easily be used within a web environment while directly
40http://www.apachefriends.org/en/xampp.html
41

Some modifications to this setup have to be made when allowing for remote access to the blog.
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connecting to the backend database. Online tools were not an option as I did not want
to have to upload user data to an external server. They were, however, a good way to
determine what kinds of visualisations are most often used within the community.
Eventually, I found that one of the most advanced collections of Information
Visualisations tools was available through the Google Visualisations API, recently
renamed Google Chart Tools (Google, 2013). Such visualisations are usually created by
using Javascript and Google spreadsheets, therefore a mixture of PHP and Javascript
code was required in order to be able to use the data stored in the myror MySQL
database (see code in ANNEX D). Out of the types of Google charts available, the most
interesting was the Annotated Time Line42, as it allowed for adding extra information to
the graph, such as the user-based event annotations or the BT devices recorded. Another
very useful feature provided by the Annotated Time Line is the ability to search and filter
the displayed annotations which allows end users to explore, for example, for how long
certain devices were around. The bottom slider of the graph allows for zooming in and
out of the data. Besides the Annotated Time Lime, I also used the map view43 for
correlations between GPS-based location information and other data, the table view44
(e.g., for exposing all phone data recorded) and the word cloud view45 (for abstract views
of text-based data, such as keystrokes, applications used or web activity).
The vast majority of the data recorded and stored into the system can be accessed
through such visualisations. Here is a list of implemented visualisations (each line
represents a separate visualisation, as shown in Figure 25):
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)

Heart rate + event button vs. time (from the Alive monitor)
Heart rate vs. time (from Garmin)
Heart rate + GPS + time (map view) (from Garmin)
Energy expenditure + event button vs. time
Heart rate + Energy expenditure + event annotations vs. time (from the Alive
monitor) (Figure 25c)
Ambient noise level + event annotation vs. time
BT devices around + event annotation vs. time (Figure 25b)
Phone battery vs. time
Phone cell signal levels vs. time
GPS coordinates (map view) with time and other sensors (Figure 25d)
Light intensity vs. time (Figure 25a)
Phone screen activity (on/off) vs. time
Word cloud with applications running on the phone
Weather info (map view)
Temperature vs. time
Filter-based access to all phone data (table based) (Figure 25f)
Recorded URLs + time + window caption (table based)

42https://developers.google.com/chart/interactive/docs/gallery/annotatedtimeline
43

https://developers.google.com/chart/interactive/docs/gallery/map

44https://google-developers.appspot.com/chart/interactive/docs/gallery/table
45

http://visapi-gadgets.googlecode.com/svn/trunk/wordcloud/doc.html
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18) Recorded applications used + time + window caption + action (run/closed/open)
(table based)
19) Recorded keystrokes + time + application + window caption (table based)
20) Word cloud for keystrokes + application context (shows most typed words)
21) Word cloud for urls (shows most found words in urls)
22) Word cloud for applications used (shows most used applications) (Figure 25e)
23) Roll, pitch, azimuth vs. time.
A sample of various types of data visualisations available in MyRoR is included in Figure
25. Detailed information can be obtained by using graphs (a, b, c) or the table
representations (f), where full details of captured data are available. Summarised
visualisations, focused on giving an overall picture of words, are created by using the
word cloud API (e). Such summarised visualisations are meant to give an indication of
what the user’s focus was during the recording period through counting word frequency.
The word cloud visualisations allow for certain words to be removed, such as highfrequency words (e.g., ‘the’, ‘exe’, etc.) as well as passwords (when using it for visualising
typed characters). When GPS data is available, map-based visualisations can be used. The
recorded GPS points are correlated with certain available sensor data (d).

(a) Detailed visualisation: Light intensity

(b) Detailed visualisation: BT devices around (number and detailed info)
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(c) Detailed visualisations: Heart rate, Energy expenditure and event button

(d) Map view – GPS with time and sensor annotations

96

(e) Word cloud: applications used

(f) Table with filter – All recorded sensor data from phone
Figure 25 Examples of visualisations in MyRoR

In the process of creating a correlated view of recorded data for the stories, I considered
various means to automatically generate graphs representing each story event’s data and
display them on a single page. For that, I considered and tested various libraries, such as
the GD PHP library (The PHP Group, 2013), jqplot (Leonello, 2012), phpGraphLib
(Brueggeman, 2012), and pChart (Pogolotti, 2012).

Figure 26 Combined visualisations with pChart
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One main reason for this was to create a comparison between how the same story looks
when it is generated as charts vs. when it is represented as a multi-media object.
Eventually, I chose pChart to create such charts. In
Figure 26 there is an example of some combined visualisations for one event within a
story.
While presenting all graphs on the same page might have some advantage, I found it
overwhelming, unnecessary and hard to properly correlate, due to differences in
sampling rates as well as data formats. The point is, while such detailed visualisations can
give a very good picture of various aspects of user’s context at the time of the recording,
it proved to be almost impossible to combine all of them into a visualisation based on
graphs or maps. Also, having users explore all their detailed visualisations does not
necessarily increase the understanding, as too much time is spent trying to figure out
what each graph means and what the values really represent. Therefore, a new way of
representing such variety of data was necessary and stories provided many
characteristics that made them an appropriate format to create compressed and userfriendly interfaces.
Story-based visualisations
Since the digital stories were envisioned as combinations of various media, a considerable
amount of time was spent on experimenting with available environments and libraries
that could provide the appropriate tools for creating them. The main tools considered
were Alice (CMU, 2011), Greenfoot (University of Kent, 2013) and Scratch (MIT Media Lab,
2013). After testing them, I did not find that Alice or Greenfoot provided the appropriate
graphical interface and the mechanisms for creating the envisioned stories. The greatest
inspiration was the Scratch environment, a tool created by the MIT Media Lab Lifelong
Kindergarten group as a way to make programming fun for children (Harvey & Mönig,
2010).
Scratch provides a drag-and-drop interface (see Figure 27) that allows for creating scripts
that can manipulate any element within a multimedia project (shown on the rightmost
panel). Scratch allows users
to add and customise
images,
record
voice
annotations, add audio,
create movements, change
appearance of sprites (i.e.,
characters or objects), and
change backgrounds. Time
can also be conveyed in
Scratch in various ways, e.g.,
by using text, clock images
or an animated time line.
Each character or object
Figure 27 The Scratch environment
used in creating a Scratch story
can be individually customised
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and controlled through parallel running scripts. Figure 28 shows the set of tools Scratch
provides
for
customising such media
projects.
Given this wealth of
options
and
the
proximity
of
the
Scratch concepts to the
envisioned
MyRoR
digital stories, I initially
considered
using
Scratch for building the
stories by creating
mappings from context
values
to
media
Figure 28 The main elements of Scratch
through the scripting
environment. However, certain Scratch extensions would have been necessary to add
database support and the fact that it was based on Squeak46 did not make it a
straightforward option, as it required understanding both of the programming language
and of Scratch’s inner workings.
Next, I tried BYOB (Mönig & Harvey, 2012), that provides certain extensions to Scratch,
including handling of multiple lists as parameters. The plan was to make use of this
feature in order to map context values to media (see Figure 29). As shown in Figure 29,
the recorded information would be processed into context values, which would be used
to populate context lists. Each story event would contain a collection (list) of contexts
and each story would have a sequence (list) of events. Such lists would be written into
files that would be loaded into the BYOB environment. The story would then be created
through running various parallel scripts that test for keywords (i.e., context values) and
determine the behaviours of the various sprites selected to make up the story and also
select the appropriate background (stage).
While in the end I decided not to use the Scratch or BYOB integration (initially due to the
need for programming under the Squeak environment but eventually because I needed
an easier integration with a web-based interface), this process provided essential
background for the story creation process model (Figure 12), as it allowed me to
experiment with concepts around creating structured stories through processing
recorded user information and mapping such information onto media objects in a
dynamic way.
Driven by design requirements such as G2 and G3 in Table 2, a clear separation between
the database storage and the processing algorithms as well as an easy integration with a
web-based environment became main factors in realising the MyRoR interface,
visualisations and digital stories. Because of that, PHP and WordPress became essential

46

http://www.squeak.org/
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tools due to their strong integration with web environments, the availability of libraries,
plugins and widgets providing added functionalities, integrations with various social
networks as well as personalisation means, as well as the ability to run over multiple
operating systems and allowing for remote access.

Figure 29 Story creation process with BYOB/Scratch

An essential part of realising the story as a multi-media object was to find libraries capable
to provide the APIs for creating, merging and concatenating images to create the event
and story media objects.
Based on the concept developed during the initial explorations and evolved and realised
during the user-based studies discussed in Chapter 5, a MyRoR digital story is formed by
a sequence of story events, each represented as in Figure 30.

Figure 30 Media object for a story event
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An event media object is created by merging various media panels (see Figure 30):
1.
2.
3.
4.

Time panel – showing time when event trigger happened (midpoint)
Icon panel – contains the icon representations of event context values
Text panel – contains a text description of the event context values
Background panel – showing an image that creates a setting for the event, selected
based on a certain algorithm (discussed below).
5. Main panel – combines all panels into one final event media object.

When processing the information within each story event (as described in Section 3.5),
each context value is mapped onto an image object available in the story media gallery
and an associate text-based media object is generated. The mapping between context
values and corresponding images is defined in the file context_def.php (see code in
ANNEX D). Each image is added to the event object to be used in creating the event
panels. Each panel is automatically created by merging the various components into a GIF
picture by using the GD PHP library (the default PHP graphical library). Once all event
media objects are created, the gifsicle software (Kohler, 2013) is used to merge them
all into an animated gif, by calling it through a system exec() function from the PHP
software. A detailed UML sequence diagram, including the mapping of event context
values to media objects, is available in ANNEX A.
Figure 31 shows an example of a daily story based on the Scenario 1.4.2, where Bob goes
to work in the morning, then heads out for a meeting which proves to be quite good,
then does some more work in the office and in the evening heads to a restaurant. Within
MyRoR, the sequence of events is presented in an animated format, similar to a movie.

Figure 31 A MyRoR story example47
47

The picture shows the story as it currently looks (September 2013) with an updated interface based on the findings.
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While the process of converting icons and text into panels is quite straightforward, the
process of selecting a representative background for each event turned out to be very
interesting and important in the story creation due to the high impact it has on a user in
terms of conveying an immediate meaning to the setting of a story event. As already
discussed in Section 4.2.2.1, for creating a more personal story the users can define their
own locations and add their own images through a simple GUI (file
create_defs.html) 48. The pre-defined locations can be expressed in terms of GPS
coordinates or WLAN SSID, mapped to a meaningful name, such as ‘home’ or ‘university
of essex’ and mapped onto a user-selected image49. The user can define both ‘places’ and
‘areas’, depending on the level of granularity. The user defined locations and their
mapping to images are stored in the myror database, in the myror.user_defs table
(see Figure 24) and used in the process of background selection depicted in Figure 32.
The algorithm presented also includes a prioritisation of the pre-defined location types,
from the wifi-based one to the country-based one. Such prioritisation is based on the
granularity level as well as on considerations such as GPS unavailability or erroneous
reading inside buildings. The media associated to a certain location was determined
through the computeSpatial method in the EventContext class (see Figure 21).

Figure 32 Background selection for a story event

Figure 30 shows a story event as it was at the time of submitting the thesis (January 2013).
48 While in the current version, I decided to assign location-based meaning to the media object background, other options
can be explored in the future (e.g., mood-based background, etc.).
49 The usage of WiFi SSID to define user-specific location was described in Section 3.4.1 and it is also mentioned in Section
5.4.3.2.
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The daily story is created by calling the create_story.php routine (see code in
ANNEX D) accessed through the main MyRoR interface (see Figure 24).
When the routine is run for the first time, the information about the story is stored in the
myror database in order to optimise future access to the same story50. The database
structure used to store such information is presented in Figure 33.

Figure 33 Story-related database tables

The main table is stories, that stores information about the corresponding day, the
number of events in the story and the file path where the final story is to be found (i.e.,
used to access the story).
Within the other tables is stored information about the events within the story (events),
the contexts within each event (contexts) and the information objects
(event_info_objects) used to compute the context values, making it easy to re-trace the
process of creating the story, when needed.

Discussions
Selecting input sources and data
In order to be able to correlate daily activities with physiological data, I considered using
various types of commercial sensors and sensing devices, such as the ones provided by
Exmovere (Exmovere Holdings, 2009), Alive Technologies (Alive Technologies, 2011),
various fitness heart rate monitors (such as the ones available here:
http://www.heartratemonitor.co.uk/), or the SenseWear armband from BodyMedia
(http://sensewear.bodymedia.com/). The SenseWear had been used in the Affective Diary
project (Ståhl et al., 2009) with mixed results. In the end I opted for using the Alive Heart

50

Means for deleting story-related database information for all stories or for a certain story have also been implemented
for cases when the users wants to re-create the stories.
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and Activity monitor (Alive Technologies, 2011) as well as the Garmin ForeRunner 305
(Garmin, 2011). The Garmin was interesting primarily because of its widespread usage for
fitness purposes. The Alive monitor was interesting because of its size, available sensors
(ECG and 3-axis accelerometer), the event button that could be used by end-users to
annotate interesting events as well as the Bluetooth connectivity which made it suited
for possible real-time monitoring scenarios and recording directly on the phone (e.g.,
through AIRS). While the two devices provided some overlapping data (i.e., heart rate) it
was interesting to experience how they felt when worn for longer, as the Garmin requires
an elastic belt to hold the heart rate monitor in place while the Alive monitor uses 2
electrodes attached with wires or a special back case directly attached to the electrodes.
In the end, the Alive Heart and Activity monitor proved to be an excellent device, being
able to be used for a few days (of usually spotty recording) and provide heart rate (from
ECG), movement (from accelerometer) and simple user annotations (through the event
button). The electrodes were more comfortable to use than a belt when recording for
longer. On the other hand, the electrodes needed changing, usually, every day. More
insights based on using such devices are presented in Section 6.2.
Another important step in selecting the input sources was to determine how to collect
desktop activity. Given the major engineering effort required to develop such platform
on my own, I decided to use an available commercial one. For that, I evaluated various
existing platforms, listed in ANNEX H. Most of these platforms were able to monitor
Internet and other computer activity, providing a good indication of what the user was
doing at a certain moment in time. While trying out these platforms, I found that the most
important features for me were: (1) direct access to the log files created by the platforms
(as opposed to needing an application to read them); (2) the ability to store such log files
on the local machine (as opposed to sending them to remote servers); (3) the ability to
run in a user-aware mode (as opposed to running only in stealth mode) and (4)
reasonable price. Eventually, I selected ActualSpy, mainly because of the reasons
mentioned before. It is not one of the most advanced platforms but it provides enough
information to create a picture of what the user was doing, thinking about and was
interested in during a certain day.
As for deciding what sensing platform to use for a mobile phone, I also considered the
Context Watcher (Koolwaaij et al., 2006) before settling on NORS (Trossen & Pavel,
2007a). The main reasons for selecting NORS (later AIRS) were my familiarity with this
platform (I was a co-designer of the initial Symbian-based version) and the continuous
support available for extending the platform to include new advances in technology and
new features derived based on using MyRoR.
Synchronising recordings
Because of using multiple input sources I found that time correlation issues were
challenging, as internal clock changes can differ from seconds or minutes (mainly due to
imprecise clock operation) to hours (when time zone changes). Some devices support
time zones and others do not. For example, the Alive Monitor could not have any time
zone set. Because of such issues, special care needed to be taken in correlating gathered
data and certain assumptions had to be made (e.g., the Alive Monitor timezone was
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always GMT+0). Furthermore, there were issues with the date format, as it happened
with the ActualSpy platform that, at some point, started recording information in the US
format (M/D/Y) as well as in the European format (D/M/Y). Therefore, special care had to
be taken in the parsing software to check if the recording timestamp was either in the US
or European format by comparing it with the file timestamp format.
Error recovery was another issue I had to deal with, especially in the case of the ATS files
created on the device and stored on the SD card, as they had extra filling bytes added to
certain packets (undocumented).
The database went through various changes, as tables were re-designed to better deal
with processing and visualisation requirements. UTC format for timestamps as well as
string-format timestamps were added to better enable timeline-based visualisations as
well as correlations.
Battery issues
As with any scenario where continuous data recording is involved, battery lifetime is a
critical aspect as it affects the usage and acceptance of such solutions. While battery
lifetime is less of an issue for the PC/laptop information recording, it is important to talk
here about the battery consumption involved when using a mobile phone and a wearable
device for ECG or heart rate recording.
Given their pervasiveness and increased capabilities, mobile phones are perfectly suited
for gathering, interpreting and providing lifestyle information to end users. However,
when building solutions that involve mobile phones we need to remember that such
devices are not dedicated sensor platforms but they are primarily meant for personal or
professional use and any recording platform we create needs to be able to take into
account the other usages of such a device. Many of these challenges have been identified
and partially addressed within related work, with (Lane et al., 2010) providing a
particularly good overview.
As AIRS plays an important role in recording information within the MyRoR system, I
include here certain results related to battery consumption from (Trossen & Pavel, 2012).
In that paper, we discuss design decisions made in the recording platform, AIRS, meant
to address battery issues. Such decisions include using callback functions, instead of
polling, using disconnected operations and storing on device instead of continuous
remote storing, and offering a high degree of configurability that allows end users to
decide what sensors should be recorded.
The paper also discusses the challenges of performing any studies that could provide
exact and repeatable numbers related to battery consumption, as such numbers depend
on multiple factors such as: what device was used, what sensors were being recorded,
what other things the device was being used for during recording and even on where the
device was51. As part of this work, we performed a study where the phone platform was
used for activity recording during one month of usual phone usage. The information
recorded included GPS, BT, noise level, cellular information (signal strength, location
51 For example, if the device is recording something that needs periodic update (such as GPS, WiFi, BT, etc.,) the availability
of sources for such information can have an impact on battery life, when scanning is involved.
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area, cell identifier), activity information (headset status, mood and event widget input,
call as well as SMS activity) and system information (RAM, battery, tasks running, music
played, files created). GPS and Bluetooth were configured for 30 second updates while
surrounding noise was determined every three seconds (recording for one second to
determine the noise level). This recording mode generated a moderate to heavy load
created by the AIRS platform. The end user made use of his handset within the typical
range of activities, including synchronizing content frequently during office hours (from
9am to 7pm). Recording was conducted from about 9am to 8pm, on occasions longer
when there were late evening activities, and included various daily activities performed
during these time periods (e.g., work, private, travel, etc.). The device used for this usage
scenario was a Galaxy Nexus running Android 4.0.2.
On average, the phone consumed about 6.3% battery per hour when using the recording,
and an average of 2.5% without recording. The battery consumption resulted in a large
variance since the handset was normally used (the maximum value, for instance, is
caused by a prolonged browsing session during a domestic travel). With that, such
recording is possible throughout a normal working day (of, say, about 12 hours) without
recharging52.
Creating visualisations
The decision of using PHP for implementing the story creation framework came primarily
from its straightforward integration with the Apache/MySQL/Wordpress environment,
the availability of multiple libraries, the easiness of writing PHP code and the fact that
there is no need to recompile the code for every change. While PHP code might not be as
efficient as others, it provides the perfect prototyping environment. I also used Javascript
and HTML for creating the multiple visualisations described in Section 4.3.1. However,
combining PHP, Javascript and HTML code when using MySQL data is not an easy
exercise especially if the error is in the Javascript code as only a few debug options are
available.
While seemingly trivial, creating data visualisations demands a considerable effort in
systems like MyRoR. Trying out various libraries for creating graphs takes time to
understand how they work and what parameters need to be set. There are also various
challenges, such as sampling differences (as data is not usually sampled at the same
intervals) and format issues, as number data fits in various ranges and string data is hard
to represent. Data size is also an issue for creating visualisations, as the Google Charts
(Google, 2013) I used (AnnotatedTimeLine and map-based) as well as other libraries seem
to have problems representing huge volumes of values (e.g., thousands or tens of
thousands). In such cases I had to reduce the number of values to be displayed by
decreasing the sampling rate or through averaging over multiple values.
While providing some of the best visualisation libraries available, the Google Charts
require the system to have Internet connectivity for running the Javascript code.

52

Recent updates to AIRS (summer 2013) have further optimised the usage of GPS with the ability to switch off GPS
recording in the vicinity of certain well-defined WLAN SSID (e.g., home, work). Using this mode reduces the battery
consumption with recording to about 4% per hour.
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However, the data to be displayed is NOT uploaded from the user’s machine, which was
a strong requirement.
Finding the right software to automatically create the final story also proved to be an
issue, as there are not many libraries available that allow for merging images into an
animated media through API or command line functionalities. While not quite ideal, the
gifsicle software (Kohler, 2013) allowed me to create a prototype of how I
envisioned a story to be. However, even though gifsicle allows for setting the
number of seconds/milliseconds between each image (i.e., for creating a pause that
allows users to properly see the content within a story event), this interval does not seem
to be constant within a story or from machine to machine. Furthermore, as this interval
should differ based on how much content is displayed for an event, an ideal option would
be to be able to pause and restart a story whenever necessary. Animated media with
ability to Pause/Restart can be created by certain programs, such as IrfanView
(http://www.irfanview.com/), but no API or command line options are available.
Another important issue in the story creation is the availability of a media library. While I
manually added such icons to the folders, the process can be improved through various
means, such as: (1) providing the end users with a GUI that allows them to map between
context values and images, by adding own icons; (2) using various pre-defined media
libraries that an end user can select from.
The whole idea behind using such icons is that they represent something end users can
relate to and that a quick glance allows them to understand what happened during that
event. While certain icons are more personal, others can just be generic enough to be
understood by anybody. During the user studies, presented in the next chapter, several
participants mentioned that they would not like to define their own icons for every
possible context value; instead they would like to be able to use themes or skins that
allow them to select the package they like most.
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System evaluations
The exploratory approach chosen for addressing the research vision and questions
outlined in Section 1.1 could not be realised without an evaluation phase that allowed for
testing concepts and, most importantly, for deriving new knowledge to be incorporated
into the design framework as well as for advancing the user experience knowledge for
lifestyle management systems. The present chapter focuses on the evaluation aspects,
starting with decisions made in selecting the evaluation focus, methods and process. In
order to better motivate such decisions, the chapter also includes an extensive collection
of literature used. The chapter describes the studies performed, the analysis of the results
gathered through the evaluation framework concluding with a summary of the main
findings and their impact on the various aspects of the MyRoR system.

Building the evaluation framework and process
Choosing the evaluation focus
Given the multiple aspects involved in this system work, choosing an evaluation focus
required thinking what area and approach would provide more interesting results for
designing and building such systems. The support for self-reflection and selfunderstanding was one of the main initial motivations behind creating such systems.
However, previous works, such as (Lindström et al., 2006)(Future Foundation & Friends
Provident, 2010)(Department of Health, 2006)(Mcduff et al., 2012)(Ståhl et al., 2009),
have already explored how such systems improve understanding and remembering.
Work performed in the Affective Diary (Ståhl et al., 2009) and more recently in the
AffectAura (Mcduff et al., 2012) projects showed that such systems do help people in
better understanding and reflecting over what happened during their day. Given certain
similarities between these systems and MyRoR, I decided that I would not make such
hypothesis the centre of the studies.
A comparison with existing systems would also have been less fruitful, as the participants
were not the same and it would have been harder to obtain and use such systems.
Another option would have been to focus on self-understanding and its relation to
behavioural changes but that would have required an evaluation process able to isolate
various factors that could had contributed to the perceived changes. Such changes are
also harder to observe and explain when the system used for the studies is continuously
improved, as was the case during this PhD. After further exploration of the existing work
within this space, I decided that in order to get the most out of this system work I would
focus the research and evaluation efforts on creating further understanding into new
paradigms to present information within lifestyle management systems.
As the focus of my research moved more and more towards investigating the creation
and usage of story-based paradigms for representing information within self-monitoring
systems and presenting it to end users, the focus of the evaluation also moved towards
creating more understanding in building such interfaces. For that, it was important to
understand what people found most interesting during the day and how that changed from
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day to day and from person to person. In the same time, I wanted to also capture platformrelated as well as user experience-related issues that could provide more insight into
building such systems. Based on the vision and research goals defined in Section 1.1 the
main questions driving the user-based evaluations were:
1.
2.
3.
4.
5.
6.

What information is perceived as most useful in allowing users to reflect over what
happened during the day?
What correlations of collected data are perceived as most useful?
What events are considered meaningful by the users? What should be included into
stories?
How should stories be created? What is the level of customisation/personalisation a user
would desire?
Would users like to share their stories and if yes, how would they like to customise them
in order to emphasise or hide certain things?
How do users want to interact with such systems?

Choosing the evaluation methods
During the process of selecting an evaluation method that would allow exploring the
questions listed above, I considered multiple evaluation methods and paradigms, some
of which I present here in order to better ground my decisions.
In Chapter 8 of (Cairns & Cox, 2008), Blandford and Green mention that most evaluation
methods fit within a three-dimensional space created around these broad dimensions: (1)
With or without active user involvement; (2) With or without a running system; (3) With
or without a realistic context of use.
Given the important role played by end users within lifestyle management solutions,
involving them within the evaluation framework was essential. However, previous
studies performed in, e.g., (Ståhl et al., 2009), did help in creating the initial system
design. As for having a running system, that was the chosen approach from the
beginning. Not only evaluations would have been different without having one but also
my own thinking and understanding of the area and its challenges would have been much
more superficial. However, there are certain challenges to performing user-based studies
with a running system, as I will discuss in Section 5.2 that also includes the reasoning
behind selecting a certain process for such studies. As for the third dimension,
considering a realistic context of use was one of the initial drivers in my work and it had
an impact in all aspects of the PhD work, from the choice of information sources, to
information processing and presentation to evaluation.
Usability vs. user experience
This is indeed an important choice as it influences both the size of the experiment as well
as the focus. Usability is usually measured according to engineering standards such as ISO
9241-210 (ISO, 2010), which measures effectiveness, efficiency and satisfaction. Such
usability studies might require a considerable number of participants in order to be able
to make meaningful statements about the system acceptance. I considered that such
option would not be appropriate as it would mainly yield results more useful within a
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product development process. Also, the continuous development of the MyRoR system
during this PhD work made it more difficult to focus on larger system usability studies.
The approach of “discount usability engineering” involving a smaller number of
participants and an iterative process advocated by Nielsen in works such as (Nielsen &
Molich, 1990; Nielsen, 1994) was considered much more appropriate.
Works such as (Cairns & Cox, 2008)(McCarthy & Wright, 2004)(G. Ellis & Dix, 2006) argue
that certain user experience studies can yield much more interesting results for the
research community by focusing on exploring how participants react to various concepts
and within certain situations rather than on system usability, especially when it comes to
information visualisation concepts. In (G. Ellis & Dix, 2006) the authors mention 3 types of
evaluation techniques for information visualisation:
1) Summative (i.e., visualisation A is better than visualisation B);
2) Formative (i.e., helps improve a certain design, add new features, etc.);
3) Explorative (i.e., evaluations that help discover useful new things about an idea
or concept).
The authors favour the explorative evaluations as they consider that studies focusing on
the first 2 types of evaluation are most of the times problematic as well as not really useful
for the research community as they fit better within product creation areas. The main
argument for choosing an exploratory type of evaluation is that it would be much more
interesting to understand “whether, when and under what circumstance a technique or
design principle works or is useful”. The authors also say that empirical evaluations of
information visualisations are methodologically unsound as, in order to create a reliable
empirical evaluation one would need to test a visualisation with many tasks, many users
and many implementations of the technique. The authors conclude that when it comes
to visualisations we can never have a perfect evaluation due to their generative nature as
well as to human nature, a view also expressed in (Liebermann, 2010). In such cases a
much better approach is to create an evaluation framework that includes both
justification and evaluation (see Figure 34).

Figure 34 Validation framework (from (G. Ellis & Dix, 2006))

I found this model of work validation very relevant to the research goals of my PhD work,
as already reflected in Section 1.5, where the research framework was described.
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Quantitative vs. qualitative
One of the main questions in creating the evaluation framework was the usage of
quantitative or qualitative methods. In quantitative evaluations the focus is on producing
data represented in numbers that can be further used for statistical processing.
Quantitative evaluations are very often based on controlled studies (described in Chapter
1 of (Cairns & Cox, 2008)), where a certain hypothesis needs to be tested with certain
participants. The hypothesis is tested involving measurable parameters and a designed
change. As the name suggests, the studies require a controlled setup that would
eliminate or limit the effect of confounding variables (unintentionally varied variables
that affect the measured variables) and would allow for the results to be reproduced
through similar studies. (Dix, Finlay, Abowd, & Beale, 2004) provides an extensive
collection of quantitative evaluation methods, including questionnaires or monitoring
physiological responses. Online questionnaires have the advantage of being able to reach
more participants. They are usually part of a mixed evaluation process, being used in
combination with studies and/or interviews (Creswell, 2007). In my evaluation I chose
such a mixed approach, as detailed below.
Qualitative evaluations aim to capture the contextual setting of the participants in
relation to using a certain technological artefact. A good overview and categorisation of
qualitative methods used in social science is given in (Creswell, 2007). Several approaches
are mentioned, such as:
1) Narrative: focused on a small number of individuals and their autobiographical
stories;
2) Phenomenological: focused on how a certain number of participants experience
a certain phenomenon or concept;
3) Grounded theory: focused on developing a theory through an iterative process
and based on a significant and relevant user sampling. Two main approaches are
described: structured (Strauss & Corbin, 1990), focused mainly on how users
perform a certain task, and constructivist (Charmaz, 2006), aiming to also
capture the beliefs, values, assumptions and emotions of the participants;
4) Ethnographic: focused on studying a cultural group through a direct and longer
immersion into their group and through observing their behaviour and beliefs;
5) Case study: focused on studying a certain issue through using one or more cases.
For each case multiple types of data are collected that offer an in-depth
understanding and analysis of the case (including historical). The case analysis
develops themes and meaning. Case studies can involve one individual, several, a
group, an entire program or an activity. When multiple cases are used for a certain
issue there will be an across-cases analysis;
6) Self-reflective approaches, such as autoethnography (C. S. Ellis & Bochner, 2000)
and autobiographical HCI design (Neustaedter & Sengers, 2012; Sengers, 2006).
While such methods seem to be controversial when used alone, they are very
useful and relevant when combined with others, as it is clear that they play an
important role in designing the system and designing the evaluations (especially
when the system designer can be considered relevant as an evaluator).
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A mixed evaluation approach is advocated in works such as (Creswell & Clark, 2010;
Tashakkori & Teddlie, 1998). Such approach uses both quantitative and qualitative
methods to collect and analyse data within a study in order to explore various aspects of
the problem space.

The empirical evaluation framework
Based on exploring the vast space of HCI methodologies and taking into account the
evaluation aspects listed in Section 5.1.1, I decided to focus on a mixed-method
exploratory approach.
For that, I designed an evaluation framework that includes two main parts:
Online questionnaire: focused on aspects that do not require hands-on experience
with the system but could benefit from being able to reach a larger audience, such as
looking into self-reflective behaviour in relation to the attitudes towards such system
and story-based interfaces as envisioned by this work;
2. Qualitative in-situ user evaluations53: focused on hands-on usage of the system
followed by semi-structured interviews aimed at being able to capture more detailed
user input with regard to certain aspects involved in the research questions: the
importance, relevance and meaningfulness of information and daily moments as well
as means to visualise and correlate information through story-based concepts. This
part of the evaluation was performed in two phases:
a. Phase 1: was primarily concerned with the participant recording the data in a
setting they felt comfortable with, for as long as they felt comfortable doing
it (at least 2 days). Each participant was instructed to use the available digital
annotation means provided to capture the moments they considered
meaningful during their days. The recording session was followed by a semistructured interview where the aspects listed in Section 5.1.1 were explored
together with the participant through using the current version of the MyRoR
system and a concept version of the MyRoR digital stories;
b. Phase 2: was primarily concerned with testing the prototype version of the
digital stories built based on participant’s data recorded within the Phase 1. In
certain cases, the participants chose to record more data for this phase in
order to have more interesting stories.
1.

Figure 35 summarises the role played by the evaluation framework within the PhD work
as well as the relationships between the evaluation and the other main components of
the work: the literature space, the system design and the implementation work.

53

This type of evaluations is described in works such as (Consolvo et al., 2007).
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Figure 35 The role of the evaluation framework within the PhD work

An important aspect of these evaluations was deciding on a recording setup. The main
options considered were:
1.

Focus on a specific scenario, such as writing a paper or attending a meeting. The
advantage of this approach is that the recording can be limited to only a set of
information types which in turn limits the amount of processing and visualisations
required. The level of intrusiveness can also be limited by such setup, as the
interviews would only be discussing the data collected within that scenario. Applying
the same scenario setup to all participants allows for more structured and focused
interviews. On the downside, such scenario-based recording option might prove to
be too restrictive and not generate enough interesting information that could be
used to create stories and also might limit the possible participants to only the ones
that can relate to the chosen scenario.
2. Focus on a specific type of data: consider only scenarios involving monitoring a
certain type of data, such as heart rate, mood or movement and how such data
changes within various contexts. For this, each participant would be asked to only
observe the chosen data type and annotate when a change was perceived, such as
an increased heart rate or walking vs. sitting. While the interviews would be more
focused this kind of recording setup would also be more prescriptive and would not
allow for exploring what moments were truly interesting for the participant.
3. ‘Day in the Life’: the recording is done over a whole day in order to capture multiple
aspects of the participant’s life. The follow-up interviews focus on how the recorded
data supports the participant’s own recollections. The main advantage is that the
stories are likely to be more interesting when there are multiple types of situations
recorded. Having more information increases the probability that the user will see the
benefit of having a supportive system to help him/her in finding relations between
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what happened and why it happened. The main disadvantage is that recording a large
amount of data also means most of it is not too interesting. Such recording can be
more intrusive, as it can capture data in more private settings. Also, when recording
over longer periods of time, battery limitations might mean that participants will have
to remember charging the devices more often.
4. Multiple days selective recording: participants use the system for recording data over
multiple days, either within a certain scenario context or not. If a certain scenario is
used to limit the recording, the participants’ could also follow their behaviour over
several days and see if they perform differently. The main advantages are: (1)
recording over multiple days provides more information both for the participant and
the researcher, allowing for more informative interviews on system usage and data
collection; (2) recording over multiple days also means recording over multiple types
of scenarios, environments, etc., allowing for more varied data, likely resulting in
more interesting stories and experiences; (3) provides more freedom to participants
in terms of when and what to record. The main disadvantage is that such recording
would be more time consuming both for participant and researcher as studies last
longer. Also, the risk of system malfunction increases and the battery issues become
very important.
Based on such considerations as well as on initial discussions with the initial participants,
I eventually decided to design the studies so that they allow for more freedom in terms
of what to record, when and for how long (i.e., option 4). The following sections provide
greater details into the two main parts of the evaluation framework: the online
questionnaire and the in-situ qualitative evaluations.

The online questionnaire
Questionnaire design
The questionnaire was intended to test various aspects derived from the research goals
stated in Section 1.1 and in Section 5.1.1. The main topics I set out to explore through this
evaluation part were: (1) what situations as well as information are considered more
interesting; (2) attitudes towards the story-based concept used as a means to abstract
information; (3) input towards creating and personalising information visualisations.
It was also important to capture the participants’ self-reflective behaviours, and see if
they did spend time thinking about what happened and how often, as this was one of the
initial motivations for starting this work. Such behaviour became especially important
when correlated with their attitudes towards a system like MyRoR as well as with their
experience with self-monitoring systems in general.
The online questionnaire was designed to capture aspects that did not require in-depth
discussions or a hands-on usage of a prototype and could benefit from a (somehow)
larger scale. Based on the techniques and examples provided by the reviewed literature
as well as discussions with colleagues (some of them HCI experts), the main
considerations I put into creating the questionnaire were:
1) Should not require too much time from a participant (e.g., less than 10 minutes);
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2) Should not contain (too many) mandatory questions;
3) Should give people the option to submit their answers and leave the
questionnaire at any time;
4) Should preserve anonymity of participants while also giving them an option to
participate in further studies;
5) Should provide a visually pleasing interface;
6) Should create and maintain a certain self-reflective mood throughout the whole
questionnaire.
The questionnaire contained an introductory section, followed by three sets of questions
(grouped within the three parts described below) and a closing section (as shown in
ANNEX B).
The main purpose of the introductory section was to:
1) Introduce participants to the MyRoR system through a scenario that describes a
typical usage of the system;
2) Give a summarised explanation of the MyRoR system, i.e., how it works and how
it can be controlled by an end user. Such explanation was necessary in order to
emphasise that the user is always in control of what information is captured and
how it is stored and used;
3) Build trust into the questionnaire by explaining what data is (not) captured and
how the results are used.
The scenario54 as well as the summarised description of the system’s main functionalities
are presented in Figure 36.

Figure 36 Scenario and system description in the online questionnaire

Once the participant accepted to go forward, a set of questions followed, as shown in
Table 15.
54

The scenario is very similar to the one presented in Section 1.4.1.
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Part 1 (questions Q1-Q6) was used to test participants’ daily self-reflective behaviours: if
they did it, why and how they did it, how often, if they thought about why something
happened and if they proposed any changes (questions Q1-Q5). Q6 was designed to
capture participants’ attitude towards a system such as MyRoR, how useful they
perceived it to be (especially in the context of self-reflection and in helping them identify
relations between events that happened) as well as probing for the type of information
they would most like to see reflected in such a system.
Part 2 (questions Q7-Q11) mainly focused on testing participant’s reaction towards the
story-inspired concept used to capture the various ideas on how to correlate information
through such paradigm. In order to test the usage of MyRoR stories as a way to abstract
the recorded information, the participants were able to play a video of a story concept
created based on the initial scenario they were provided with in the introductory part.
They were also asked questions related to their preferences in terms of customising and
sharing such stories.
Part 3 (questions Q12-Q14) explored how colours can be used as means to abstract
emotional states as well as more complex states by asking participants to map some
example states found in the initial scenario to colours. The results of such mappings were
correlated with gender and cultural background. The main reason for including this part
was to explore the power of colours in abstracting and conveying meaning to end users.
Various studies showed that colours are strongly related to emotions, either as a way of
influencing them or expressing them (Boyatzis & Varghese, 1994; Fagerberg, Stahl, &
Hook, 2004; McCandless, 2009). Works such as (Fagerberg et al., 2004)(Lindström et al.,
2006; Ståhl & Höök, 2008) used colours to interpret and convey user emotions with
mixed results. However, in contrast to the works mentioned above that mainly focused
on a set of basic emotions such as described in (Ekman, 1999), I also included transitional
states in the list of emotions to be mapped to colours (e.g., ‘cooling down’ from a
stressful event). While I could not find much research work in such topic, except
(Filipowicz, Barsade, & Melwani, 2011), my own experience with recording heart rate
values during more stressful days (such as when having important meetings, PhD boards,
etc.) showed that a stressful situation (either positive or negative) is not immediately
followed by a relaxed (or tired/upset) one, but by a slow ‘cooling down’ period lasting for
more than 15 minutes. Similarly, my recordings showed that certain ‘planned’ situations
expected to be more stressful (such as a presentation) were preceded by an increase in
heart rate.
In the closing section, participants had the option of leaving further comments related to
the survey as well as their email for future contact (e.g., further studies explained within
this section). In order to preserve anonymity, emails were not stored together with the
rest of the information.
Table 15 presents the list of questions included in the survey together with the choice of
answers:
Number Text

Options
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Do you often think back about what happened during
the day?
Do you think about what triggered a certain emotion
or behaviour?
Do you usually propose any change based on selfreflection?
Do you use any supporting means for self-reflection?

Often/Not very
often/Never
Yes/No

Q12

Paper diary/Digital
diary/Friends/Other
Do you use (or have used) any self-monitoring Yes/No/Examples
systems (e.g., fitness-related)?
Would you find useful having a system as presented Yes/No/Examples of
in the scenario?
useful information
If you were to be using such a system would you like Yes/No/Explain
to be able to see a story generated based on your
activity data?
Would you like to be able to customise elements of Yes/No
your story?
Characters/Places/E
If yes, what would you like to customise?
motional
states/Activities/Aud
io/Other
Would you like to share the story with your friends or Yes/No
family?
If yes, would you like to customise your story before Yes/No/How
sharing?
Mapping colours to states (see Figure 39)
Colour map

Q13

Gender

F/M

Q14

Cultural background

Q1
Q2
Q3
Q4
Q5
Q6
Q7

Q8
Q9

Q10
Q11

Yes/No/Examples

Western
European/North
American/Australian,
Eastern/Central
European, Latin
American, African,
Japanese, Chinese,
Muslim, Hindu, and
Other

Table 15 Online questionnaire list

Questionnaire realisation
While trying out various tools available for creating surveys, I decided that none of them
gave me enough flexibility to create it the way I had envisioned, especially when it came
to integrating various other media, such as images, videos and additional plugins, such as
the one allowing to select a colour from a colour wheel. Therefore, I decided to
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implement the questionnaire tools by myself by creating my own PHP scripts, HTML
pages and by using a MySQL database to store the answers to the questions. The
questionnaire was installed under the web environment provided by the University of
Essex
through
the
IEG
(Intelligent
Environments
Group)
website
(http://ieg.essex.ac.uk)55. The actual screenshots of the questionnaire can be seen in
ANNEX B.
Questionnaire distribution
The link to the survey was distributed inside the SCSEE department at Univ. of Essex (both
student and staff lists), to the PAL project members, through the Social Sensing seminar
(Cambridge), inside Qualcomm R&D Cambridge (based on a MyRoR presentation I gave
there), amongst Facebook and LinkedIn contacts and amongst EDC (Engineering Design
Centre) members in Cambridge, following a presentation on the MyRoR system. Some of
the people that performed the in-situ evaluations also filled in the survey. The survey first
became public in February 2011. The results presented here are as they were in May 2012.
In selecting the participants, I did not target a specific type of participants, but used the
available channels mentioned above. As a background, I considered participants’
experience with self-monitoring systems and their attitude towards self-reflection more
important than technological abilities or age56. However, given the email and web-based
means used to reach the participants, they could be all considered more or less familiar
with technology. All participants had to be over 18, as asked to confirm in the introductory
part. Based on some of the identifying emails left in the closing section, I could see that
there was a great variety of age and technological capabilities, as some people that took
the survey were over 40 or even 70 and not everybody was from the student or academic
groups.
Results analysis
The analysis was performed with the help of various PHP scripts I created specifically for
this purpose. The scripts allowed me to: (1) correlate answers from specific questions; (2)
see all answers for a specific question; (3) see all answers for a specific participant (see
the script interface in ANNEX C).
The results presented here are based on 38 participants, out of whom 7 had previous
experience with self-monitoring systems, 29 did not and 2 did not specify (Q5 in Figure
37d). Out of 7 people using (or that used) self-monitoring systems, 3 people used them
for fitness purpose, 2 for heart monitoring and 2 for nutrition purposes.
Participants’ self-reflective behaviours were tested in Part 1 by asking them if they often
reflected over what happened during a day (Q1), if they tried to understand why
something happened (Q2), and if they proposed any changes to their behaviour based on
such self-reflection process (Q3) (Figure 37a). 65.8% (25 out of 38) of the participants said
that they think back often about what happened during the day and they think why
55

The questionnaire was available online at: http://www.ieg.essex.ac.uk/myror/survey/intro.php.

56 Some of the reasons for considering or avoiding certain questions came from my experience with answering such surveys

as well as from a desire to keep the survey as short as possible. The questions as well as the interface of the survey were
meant to create a positive atmosphere for the participants and try to keep them in a certain mindset (i.e., reflect about
self-reflection).
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something happened. 47.4% (18 out of 38) said that they think back often and think why
something happened and propose changes to their behaviour. It was important to gather
such background for the participants given the envisioned usage scenario for such
systems. The relatively high percentage of people that said that they do often think about
what happened and why it happened possibly means that, with the right interaction
paradigms, such systems could be used by a large number of people. Figure 37b shows
what means for self-reflection participants said they used.
When asked to give examples of situations that triggered or led to such self-reflection
processes, the examples given by participants (16 out of 38) fit within categories such as:
stress management, social interactions management and time management, sometimes
combined (such as getting angry in certain social situations and their intention to find
better ways to deal with such situations in the future). Negative emotions were the most
cited reason for proposing changes (10 out of 16), manifested either as stress within their
work environments or anger within social interaction settings.

(a)Think back often/Think why/Propose changes
(b) Means used for self-reflection

(c) Self-reflection vs. gender

(d) Experience with self-monitoring systems vs. selfreflective behaviour

Figure 37 Results from online questionnaire – Part 1

Interestingly enough, the participants’ attitude towards self-reflection did not seem to
be influenced by gender, as shown in Figure 37c57, as the percentage of male vs. female
that answered Often/Yes to Q1/Q2 is the same.
57

The gender was collected in Part 3 and was only given by 22 participants.
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Figure 37d includes a correlation between self-reflective behaviours (from Q1 and Q2) and
previous experience with self-monitoring systems (Q5). As can be seen, the vast majority
of people with previous experience (i.e., answered Yes at Q5) belong to what could be
considered more reflective (answered Often/Yes to Q1/Q2) while the answers for people
without previous experience with self-monitoring systems are more fragmented.
The participants were introduced to the MyRoR system from the beginning, through a
scenario and a high-level system description (see Figure 36). The scenario was intended
to create a setting for how the system could be used. The system description was meant
to address any questions about how the data is recorded and handled in an effort to
address privacy issues.
In Q6, the participants were asked if they would find a system as the one described useful
for self-reflection. Encouragingly, 63% of all respondents said ‘yes’ (see Q6 in Figure 38a),
some of them adding comments related to what kind of information they would find
interesting. Most mentioned types of information involved mood, workload monitoring
and pattern recognition (i.e., identifying certain patterns over days).
An interesting correlation is to look at how the participants’ attitude towards selfreflection as well as their experience with self-monitoring systems relates to their opinion
of the MyRoR system. Figure 38b shows how people considered more self-reflective (i.e.,
think back often and think why - from Q1 and Q2) responded to the question asking if they
would find such system useful (Q6). Encouragingly, 76% of them responded positive. Out
of the people that answered ‘yes’, 74% had no previous experience with self-monitoring
systems.
In Q7 the participants were asked if they would like to see a story-based representation
created by the system based on their recorded data. The participants could get an idea
of how such stories would look by watching a concept movie containing an animated
slideshow of a sequence of story events that looked similar to the one shown in Figure
30. 83.3% of the people that said they would find such system useful for self-reflection (Q6)
said they would like to have such interface available (Q7 in Figure 38a).
Q8 tested the participant’s willingness to customise their stories. 95% of the ones that
liked the system and the story answered positively (Figure 38c), with most people wanting
to customise characters (avatars), places, emotional states, and activities (Figure 38e).
Further, I looked at participants’ attitudes towards sharing such stories with others.
Figure 38d shows the number of people that said that they like the system and like the
story-based interface vs. their opinions on sharing their stories (45% positive, 55%
negative). Out of the people that answered positively to sharing their stories, 66.6% said
they would like to customise their story before sharing (Q11), mainly due to privacy issues.
In conclusion, the numbers obtained from these parts of the survey show that out of the
people that we could consider more self-reflective (i.e., they often think about what
happened during a day and why), a high number of them see such system useful, with a large
percentage of that group liking the story-based concept and a large majority of such group
wishing to be able to customise their stories.
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(a) Experience with self-monitoring
systems/Find MyRoR useful/Like story concept
(b) Self-reflection vs. system attitude

(c) Like system/Like story concept/Like
customising

(d) Test sharing and customisation options for people
that like system and like story

(e) Like system/Like story/Like to customise vs. what to customise
Figure 38 Results from online questionnaire – Part 2

In Part 3 of the survey I looked at how the participants mapped certain emotional states
to colours. Six emotional states and transitions were considered, based on the initial
scenario58. Given the types of scenarios considered, I was primarily interested in states
related to stress (both negative and positive) as well as transitional states, such as cooling
down from stress. As a consequence, I considered 6 states found in the scenario
described in the questionnaire: (1) Energetic/positive stress; (2) Medium negative stress

58

The reasons for including this set of questions and the types of emotions were described in Section 5.3.1.
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(e.g., annoyed); (3) High negative stress (e.g., angry, frustrated); (4) Cooling down after
a positive stressful situation; (5) Cooling down after a negative stressful situation; (6)
Relaxed. The participants were asked in Q12 to map these states to a colour. For allowing
participants to select any colour they might consider appropriate, I provided a colour map
by using the PHP plugin jscolor59 (Figure 39).

Figure 39 Colour map as displayed in the survey via the jscolor plugin

Since previous work, e.g., (McCandless, 2009), showed that colour meaning is rooted in
cultural background, I used Q13 to record the participants’ cultural background and
gender by using a similar classification: Western European/North American/Australian,
Eastern/Central European, Latin American, African, Japanese, Chinese, Muslim, Hindu,
and Other. Figure 40 includes background information for the participants that fully
answered all 3 questions (about colour mapping, cultural background and gender) (28
out of the overall 38).
The results from this set of questions are presented in Figure 41. As can be observed,
there is no high correlation of colour mapping between participants for the given states,
except for the highly negative stress (e.g., anger), which was predominantly represented
through red, regardless of cultural background or gender.

(a) Cultural background

(b) Participants’ gender

Figure 40 Participants' cultural and gender background

Another interesting correlation can be noticed for State 4 (i.e., cooling down from a
positive stress situation such as energetic), where most people went for colours in the
green/blue areas.

59

http://jscolor.com/
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Figure 41 Mapping emotional states to colours (based on 28 complete answers)

Figure 42 and Figure 43 provide a separation of the results based on participants’ gender.
Through this separation we could see that positive stress, such as energetic (State 1), is
perceived differently based on gender: predominantly yellow/orange for females and
(grass) green for males.

Figure 42 Colour mapping for female gender
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Figure 43 Colour mapping for male gender

Figure 44 contains the results separated based on cultural background. It is interesting
that both participants from Latin America chose yellow as an energetic colour (Figure
44d). Another interesting aspect is that Western participants almost evenly chose bright
green and yellow as energetic colours (Figure 44a). Overall it seems that the cultural
background does not seem to make much difference60.

(a) Results for ‘western’ background

(b) Results for ‘eastern’ background

60

It would be interesting to explore this further and see if it could be explained by people moving to a new environment
and adapting to it.
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(c) Results for ‘muslim’ background

(d) Results for ‘latin’ background

(e) Result for ‘chinese’ background
Figure 44 Results based on cultural background

For a further analysis of the results obtained in this part I looked at existing work in this
area. Figure 45 includes a collection of the most relevant emotion-colour mappings I
found61:
a. A mapping between emotions (and other concepts) and colours within various
cultural backgrounds (McCandless, 2009);
b. A modified colour wheel for emotional expressivity that also includes shapes and
animations (Ståhl, 2005)(Fagerberg et al., 2004) based on previous works by Itten
(Itten, 1971) and Russell (Russell, 1980);
c. One of the first wheels of emotions created by Plutchik in 1980 that also helped
to describe the relations between various grades of emotions in relation to the 8
basic emotions (Plutchik, 2001);
d. A quite comprehensive interactive wheel containing multiple types of emotions
mapped onto colours aimed at being used by parents and teachers in their
interactions with children (do2learn, 2009);
e. The ‘Feelings Wheel’ developed with the aim of helping patients identify their
feeling during therapy sessions (Willcox, 1982).
When comparing the results from the questionnaire with the colour wheels, we can see
some similarities and differences. For example, the energetic state in Figure 41 seems to
be mostly mapped to yellow, similar to Figure 45e and Figure 45a (in a Western cultural
background) or to bright green, similar to Figure 45d. The mapping to red of the powerful
negative excitement state is similar to all wheels included in Figure 45. The medium
stressed state is mostly mapped to orange, which could suggest a mixture of yellow
(energetic) and red (highly stressed). This mapping is close to Plutchik’s wheel (Figure
45c). While harder to define, the two transitional states included in the mapping reflect
somehow a mixture of the colour associated to the starting state and the one associated
with the ending state (i.e., cooling down from positive and negative excitement). The
mapping for state 4 indicates a tendency towards mixtures of green, blue and yellow
while the mapping for state 5 indicates a mixture of red and blue (reflected through
various nuances of purple). However, it’s hard to make a concrete statement62.

61

More related work is surveyed in (Nijdam, 2005).
Within a more dedicated experiment, it would be interesting to be able to capture the thinking process performed by a
participant when selecting colours for transitional states. For example, in my case, I considered the start state colour and
the end state colour and chose something in between.
62
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(a) Visualisation of various concepts vs. cultural background

(b) Mapping colours and patterns to emotions

(d) Interactive emotions colour wheel

(c) The wheel of emotions

(e)The Feelings Wheel
Figure 45 Various mappings between emotions and colours
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Surprisingly, it is harder to determine a certain level of agreement for the relaxed state.
There seems to be a predominant shift towards shades of blue (as in Figure 45d and
Figure 45e) but other colours, such as green or light yellow were also chosen (closer to
Figure 45b and Figure 45c).
These results show that, while colours are very powerful at conveying information about
emotional states (as used in (Lindström et al., 2006)), we need to be careful how we
chose such colours as they might not have the same meaning for everyone; therefore, if
colours are used, the systems should allow for end user customisation. Furthermore, as one
participant observed during the interviews described in the next section, the personal
meaning of colours can change with situation as well as time.

Qualitative in-situ user evaluations
An important aspect of the exploratory evaluation framework was to capture more
detailed information regarding issues involved in designing and building lifestyle
management systems through hands-on usage of a live system prototype. This section
talks about how these studies were designed and performed and provides a detailed
analysis of the results collected through system usage and follow-up interviews.
Main goals
The initial goal of these studies was to provide more insight into the research questions
(Section 1.1) through addressing the issues listed in the evaluation focus (Section 5.1.1).
Through their hands-on nature, the studies were meant to provide a better
understanding of the issues involved in building as well as using systems such as MyRoR,
of what people expect from them, how they can be designed in order to accommodate
likes and dislikes, and how should such systems interact with people in order to provide
relevant information through easy to understand visualisations. More specifically, one of
the most interesting aspects for this PhD work was to better understand how to build
stories in order to visualise and interact with the recorded information and, especially,
how to capture through such stories what people considered most interesting during the
day. Equally interesting was to capture how people reflected over their recorded data,
how they started making connections between various recorded information and what
we, as system designers, could do to support and further enable such processes.
The hands-on studies focused on having volunteer participants that used the system,
with its various components, to record, interact with their recorded data and discuss
various issues around their experience in follow-up semi-structured interviews.
Process description
Various options were considered in the process of designing the evaluations. Most of
these choices were already discussed in Section 5.1. As already mentioned and argued for,
the evaluation was designed to have an exploratory nature with a limited number of
participants (e.g., < 10) that would allow for more in-depth explorations. In Section 5.1 I
also argued for the advantages presented by using a prototype system that would allow
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people to collect and experience their own data. In this section I will further discuss
various choices made in deciding on the recording setting.
The process was defined by these main steps:
1) Find participants;
2) Agree on a recording scenario that suits them best in order to avoid enforcing a
certain type of behaviour;
3) Provide them with the necessary means to collect relevant data and provide them
with minimal instructions necessary for recording data and obtaining useful
results;
4) Once recording was done, collect data to the user’s machine and install the
MyRoR system components;
5) Allow participants to experience their data through the provided visualisations;
6) Gather results through semi-structured interviews around the main research
questions;
7) Iteratively improve the proof-of-concept based on partial feedback;
8) Analyse results;
9) Integrate results into the system design.
In practice, the process became iterative as the discussions as well as the technological
developments helped continuously evolve the MyRoR system, as shown in Figure 46.
The recording setting was an important step in the studies, as already discussed in Section
5.2. While initially I thought that focusing on a specific scenario might be a good idea, I
soon realised, based on discussions with the first participants, that it would be better not
to impose such restrictions but instead let the participants decide what and when they
would like to record. Some people were interested in recording over specific days, such
as days with more meetings or days with an expected higher stress level (such as starting
a new job). The duration of the recording sessions also varied: some people only
recorded for a few hours over one day, others mainly during work hours, others tried to
combine both work and weekend days to compare their physiological and social settings
over different activities. I believe such setting is much closer to a real world recording
behaviour rather than forcing people to behave in a certain way just for the sake of an
experiment. Ultimately, these studies set out to explore what people find generally
interesting to record during their daily lives.
The participants were instructed to use the provided means to capture through
annotations what they considered most interesting during the days when they recorded.
During the initial studies such annotations were provided through the event button on
the Alive monitor (see Figure 47). Later, based on feedback received during these initial
studies, two phone widgets were added, helping users to give more meaning to their
annotations (see Figure 48).
The follow-up interviews were performed over two phases, explained in Section 5.2. In
the first phase, the interview took place after the initial recording (usually within a week
after the recording session) and focused on the importance of information, on what was
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considered interesting during the recording period and on testing the story-based
concept through the video also included in part 2 of the questionnaire (see Section 5.3).
In the second phase, the interview focused primarily on experiencing the automatic story
creation, discussing improvements and sharing of information. It also helped testing how
well the story captured relevant information capable to help the participant remember
what happened during the recording. Some users also performed new recordings during
the second phase, primarily in order to test the new system functionalities and collect
more data (requiring a repetition of steps 3 to 6).

Figure 46 Phases of in-situ evaluations

More details about each step and phase are presented below.
5.4.2.1 Participants selection
The studies were performed with six participants. The participants were selected from
people with a certain interest in using self-monitoring systems, although previous
experience with such systems was not a requirement.
The people that agreed to the experiment were driven mainly by the curiosity of
recording and examining their lives. Such background was considered most important as
I needed people that would consider using such system within their own lives and could
reflect on their daily experiences as well as on their expectations towards such systems.
The participants were unpaid volunteers. Two of them were family members, the others
were colleagues from University of Essex and University of Cambridge that had no
relation to this work. As the studies were mainly focused on deriving new system design
knowledge and not on system acceptance (that question was tested through the online
survey), I considered that the family relations were not a bias but that they would allow
for more open discussions and a higher degree of trust. As the nature of the studies
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involved collecting and discussing sensitive information, I believe that having a closer
connection with the participants helped. Table 16 presents data on the 6 participants.
User ID

Age
range

Gender

Recording
duration/period

U1

40-45

Male

U2

80-85

Male

U3

25-30

Male

U4

35-40

Female

U5

35-40

Male

U6

35-40

Female

Recorded more or less Phase 1 - April 2011
every day since April Phase 2 - March 2012
2011
2 days, April 2011
Phase 1 - April 2011
Phase 2 - May 2012
4 days, April 2011
Phase 1 – April 2011
Phase 2 - December 2011
4 days, May 2011
Phase 1 – May 2012
Phase 2 – January 2012
4 days, August 2011
Phase 1 – August 2011
Phase 2 – Dec 2011
6 days in August 2011
Phase 1 – August 2011
6 days in April 2012
Phase 2 – April 2012

Follow-up Interviews

Table 16 Participants for the in-situ evaluations

Building trust was an important step of the user studies. Each participant was made
aware of the setting, duration and purpose of the whole process and they were fully
aware that, at any time, they could decide not to go ahead (as it happened in 2 cases: one
because the potential participant did not like to use the heart monitor and the other due
to certain changes in personal circumstances)63. With users’ privacy in mind, I designed
the evaluation process so that no data was transported and stored outside the
participant’s own machine. Even the data collected through the additional devices, such
as the ECG monitor and the mobile phone was deleted from the test devices once it was
stored on their machine. Such study setup addressed participants’ worries over the
storage and usage of their data and allowed for a higher degree of trust and for the
participant’s willingness to record over a larger period of time instead of limiting to a
specific scenario.
5.4.2.2 Recording setup
As described in Section 4.1.2, the main sources of data used for recording were:
1. A wearable device capable to provide physiological data.
Initially, the options were to record heart rate by using either the Alive monitor (also
recording ECG/3-axis accelerometer/event button) or the Garmin wristwatch (also
recording GPS-based data). However, once the users’ own annotations became a central
part of the evaluation process, the Alive monitor was the best choice due to its event
button (see Figure 47).

63

The six participants included here are the ones that fully completed Phase 1 and 2.
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Figure 47 The Alive Heart and Activity Monitor

Other reasons for using the Alive monitor were64:
•
•
•
•
•

The electrodes are more comfortable to wear than the elastic chest band over
long-term recording;
No need for wearing or carrying around a quite big wristwatch;
Recording with the Garmin wristwatch is more cumbersome as you need to
remember to start a lap every time you want to start recording;
The Alive monitor is small and easy to put in a pocket;
The availability of other data, such as 3-axis accelerometer.

2. A mobile phone running the sensing platform (initially NORS, later AIRS).
During the duration of the studies and primarily driven by them the mobile-based sensing
platform was ported from Symbian J2ME to Android and NORS became AIRS. The move
allowed for higher stability in recording (the Symbian-based platform had to be restarted
about every 2 hours due to J2ME-related instability) as well as for rapid and continuous
extensions. Such extensions were due to growing sensing capabilities being provided by
the Android platform and phones as well as certain suggestions and observations
collected through the studies. Therefore, the first 4 user studies in Phase 1 were
performed on a Symbian-based phone (Samsung Omnia HD), running NORS, while the
last 2 studies and the recordings in Phase 2 were performed on the users’ own Android
devices, running the AIRS platform.
3. The ActualSpy activity platform running on one or more of participant’s computers
during the experiment.
The PC activity platform proved to be most problematic. Some people did not record
much through the activity platform, either because they did not spend time at the
computer during recording or because they did not feel comfortable doing that or
because of restrictions placed on running such program within certain organizations (as
it is flagged as a spyware by some antivirus software). The ActualSpy platform runs only
on Windows-based machines, so one of the constraints was that the participant uses such
a machine or runs Windows within a virtual environment, such as VMware (VMware,
2012). However, collecting such information was not an essential aspect of the
experiment, as it was more important that participants felt comfortable with what was
being recorded.
4. External servers information

64

Based on personal experience with using the devices during the system testing.
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As described in Section 3.4.1, external content such as email and calendar events can be
included into the MyRoR system, through on-demand access to external IMAP/POP email
servers and Google Calendar. While the system originally only worked with Gmail
accounts, I added support for any IMAP-based email service during the studies. The
system provided access to the Google calendar through the MyRoR blog-based interface.
However, the usage of a Google Calendar was not required as this would have placed an
added constraint on the participants.
The main steps that needed to be performed before starting the recording process were:
1.

Installing and configuring the activity platform on a computer that the participant
used during the day. Most important was to properly set up the directory path on
user’s machine where the reports were to be saved. The data reports were generated
every 30 minutes;
2. Making sure that the mobile-based sensing platform was installed and properly
configured. Participants were told what kind of information each sensor could
provide as well as their impact on battery. Depending on what they wanted to record
and their battery consumption concerns, decisions were made together as to what
sensors to include or exclude;
3. Each participant was asked to use the means provided in order to annotate whenever
something they considered interesting happened, was happening or was about to
happen. Two different means were available for annotating: the button on the Alive
monitor and the phone-based widgets (in later studies). All participants had to use
the physical event button provided by the Alive Heart Monitor (see Figure 47). Later,
based on the feedback gathered in Phase 1, two phone-based widgets were made
available through the AIRS phone sensing platform and used by certain participants
within Phase 2 studies (as described in Figure 46) to provide more meaning. One
widget is used for annotating any interesting moment through a free-text
description; the other widget is used for mood-related annotations, providing a
selection list of pre-defined moods as well as a field for free-text descriptions (see
Figure 48).
The participants were told what the system does and that the purpose of the experiment
was to identify what they considered interesting in order to improve the way their
information was shown and provide better support when looking back through their
recordings. However, they were not told what to annotate (i.e., heart rate increase,
changes in location, etc.) as it was part of the experiment to see what the participants
considered ‘interesting’ or ‘meaningful’.
5.4.2.3 After recording: system setup and follow-up interviews
Once the recording was done (Phase 1), the data was collected from the various devices
onto the user’s machine and stored within a pre-defined folder structure. The installation
procedures described in Chapter 4 needed to be performed for each participant (i.e.,
install the XAMPP environment that provides a MySQL database, an Apache server and
the PHP engine and the WordPress platform) followed by certain configuration
requirements, sometimes made harder by certain local constraints (e.g., administrative
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rights, conflicting software, etc.). The various software modules described in Section 4.1.2
were used to parse, store and process each participant’s data65.

(a) Annotation Widgets on the
phone screen

(b) The list of moods available
through the Mood widget

(c) The interface for the Event
widget

Figure 48 Phone widgets provided by AIRS for annotations

Once the installation was done, the follow-up interview was performed, face-to-face.
During the Phase 1 interview, the participant could examine, for the first time, his/her
recorded data, through the interface and the types of interactions provided by MyRoR
(described in Section 4.3). Through such interface, the participants could see what data
has been recorded, inspect it in great detail through the various visualisations and discuss
it as part of the semi-structured interview (see below). The Phase 1 interview lasted, on
average, between 45 and 90 minutes, and followed a semi-structured interactive
format66, which allowed for a more relaxed environment and more flexibility in
discussions while still following a pre-defined set of topics, grouped under 6 main topics,
presented below.
In Phase 2, the main focus was on using the prototype of the story-based visualisation to
further explore these topics and collect even more insights from the participants.
5.4.2.4

Main topics for the semi-structured interviews

T1: Meaningfulness of events
The aspects explored in this topic were: (1) the types of daily events the participants
found most interesting; (2) if the events were focusing on a certain type of information
(such as heart rate changes) or not; (3) if the participant pressed the event button before,
during or after the interesting moment; (4) if there was any relation between the
intensity/importance of the event and the pressing behaviour; (5) if the participants
65

The installation procedures were constantly improved during the studies in order to reduce the time and effort required
in this step. I also setup an FTP server for providing the latest versions of the MyRoR software.
66
For a very informative description of the advantages of semi-structured interviewing, see (Fylan, 2005).
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thought they should have pressed/annotated any other moments. Topic T1 became the
opening point of the Phase 1 interview and helped set the focus of the discussion as a
reflection on what the participant considered important during the day.
T2: Usefulness of information gathered
The aspects explored under this topic were: (1) which information the participant found
more interesting when exploring it through the MyRoR interface; (2) what other
information they would have liked to have been recorded; (3) which type of information
enabled them to better reflect and understand what happened.
T3: Usefulness of correlations
The aspects explored under this topic were: (1) which information correlations the
participants found most useful; (2) what other correlations they would have liked to see.
T4: Using story-based visualisations
The discussions under this topic focused on the following issues: (1) the interesting events
and information that should be captured through stories; (2) how should such story
events be created; (3) what aspects of their daily activities present more interest than
others; (4) if and how they would like to personalise their story. In Phase 1, such
discussions were aided by a concept of the story-based visualisation (the same one used
within the online questionnaire). In Phase 2, this topic became the main focus of the
interview, and was concerned with: (1) how well the story-inspired prototype reflected
the recorded information; (2) how easy it was for the participant to understand and
remember what happened based on the story; (3) how did the story help the participant
reflect on what was going on during the recording or the whole day; (4) how should the
stories evolve to become more personal; (5) how much effort would the participant be
willing to invest in such personalisation process.
T5: Sharing stories or any other information
When discussing the usage of the system and the stories, the participants were also asked
how they felt about sharing their stories and, if they did consider sharing, what they
would like to share and how.
T6: Interacting with MyRoR
The focus of this topic was to collect information about the participants’ experience with
the MyRoR system from recording to using. The aspects included here ranged from using
sensors and other devices to interacting with the provided system user interfaces or
accessing own data through the available visualisations.
5.4.2.5 Probing means used during the interviews
In order to explore the topics above, various probing means were used for sense-making
during the interviews:
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M1: Using the annotations and annotating process to collect results on importance of
information and daily moments
Previously, I described the means provided to the participants to annotate what they
considered interesting and important enough while using the MyRoR system for
recording. During the follow-up interviews, their annotations were used as a vehicle to
discuss, primarily, the aspects listed under topic T1. In Phase 1, each participant was
encouraged to explain and reflect on what they considered important during the day,
starting from why they had pressed the event button. This helped create narratives as
participants started to explain what was happening around the time when they pressed
the button/widget or discuss what else they would have liked to annotate and why they
did not do that. In Phase 2, when the user annotations were used to create events within
the stories, it became even more obvious that the annotations played a central role in
remembering and reflecting.
M2: Using the visualisations and the system UI to collect results on importance and
relevance of information and interactions
During the interviews (Phase 1 and 2) the participants were able to explore their recorded
data through the detailed visualisations provided through the MyRoR system (e.g., Figure
25). While they used such visualisations, especially in Phase 1, they were encouraged to
think aloud and explain their daily moments as reflected through the recorded data. Such
process allowed for capturing the correlations created by the participants between the
visualised data and their recollection of what happened during the day. This created a
circular process with the participant attempting to remember what happened during the
day based on seeing the recorded data as well as being curious to see the available
recorded data for certain events that happened during the day. Within the interviews,
the participants were encouraged to explore their daily recordings from various angles,
such as movement, applications used, heart rate, social context, environmental context,
and so on.
M3: Using the story-based concept as well as the story-based prototype to collect
information on creating, experiencing and sharing stories
The initial studies and interviews (Phase 1) were performed while the story-based
visualisation was at the concept level. For that, a video of the concept was shown to the
participant (the same video that was included in the online survey), allowing me to get a
first reaction to the type of visualisations envisioned and to collect valuable initial
feedback. The feedback received through this initial phase (Phase 1) was used to improve
the system (both at the design and implementation level) and finally create the
framework and scripts for automatically creating such stories (as described in Chapter 3
and Chapter 4).
In the second phase of the interviews (Phase 2), each participant could see their
personalised stories, created based on their own recorded data. Such stories were used
to discuss various issues around creating, experiencing and sharing. In some cases, the
participants decided to perform new data gathering activities, in order to provide richer
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background data for their stories (see Figure 46). Such decision was driven both by the
advances in the data gathering platform (i.e., the move from Symbian to Android phones
with its capability to provide more descriptive annotations) as well as to having acquired
a better understanding of how their information could be used within the MyRoR system.
All three probing means were used during the interviews to explore the topics outlined
(T1-T6). The continuous interplay between looking at detailed recorded data, explaining
annotations and discussing stories encouraged more detailed discussions around what
happened during their days, stimulating memories and self-reflection on meaning and
relevance of data.
In order to allow for a more natural discussion, the interviews were digitally recorded and
later transcribed. The results from these interviews as well as other observations about
the studies overall are presented in the next section.
Results analysis
This section includes the analysis of the qualitative exploratory in-situ evaluations. The
results extracted through the studies and the follow up interviews were organised and
filtered along 4 main themes. The main themes followed from the questions used for the
semi-structured interviews and connect to the research questions outlined in Section 1.1.
The process followed in order to code and categorise the user interviews is described in
the next section.
5.4.3.1 Tools and methods
The two phases of the interviews performed with each of the 6 participants generated
an extensive amount of recorded material (see Table 17), which needed to be transcribed
and analysed.
User ID
U1

Interviews duration
80 min (Phase 1) + 35 min (Phase 2, over 2 days)

U2

74 min (Phase 1) + 50 min (Phase 2)

U3

50 min (Phase 1) + 30 min (Phase 2)

U4

58 min (Phase 1) + 20 min (Phase 2)

U5

54 min (Phase 1) + 12 min (Phase 2)

U6

55 min (Phase 1) + 110 min (Phase 2, over 2 days)
Table 17 Durations of follow-up interviews

For performing the results analysis I used a process informed by the coding methods
described in Chapter 8 of (Creswell, 2007) as well as in Chapter 7 of (Cairns & Cox, 2008).
The coding process involved identifying meaningful segments within the data obtained
from interviews and classifying them along certain concepts, categories or themes.
Particularly relevant is the process of case study analysis described in (Creswell, 2007),
with its combination of within and cross case analysis (see Figure 49).
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Figure 49 Template for coding a Case Study (from (Creswell, 2007))

For each participant (from U1 to U6), I analysed the transcribed interviews, looking for
meaningful statements capable to provide insight along the 6 topics that guided the semistructured interviews and converted them in summarising form (codes). Further, the
codes from each user were combined along high-level themes in a cross-case theme
analysis. In this process, the initial themes were refined and, given the vast amount of
information obtained, sub-themes were created.
For performing this process, I used Microsoft Office OneNote to collect both the audio
and the transcribed interviews as well as analyse the results by breaking down answers
along the themes. The OneNote tool proved to be very useful and intuitive to perform
these tasks as: (1) it allows for collecting various types of media under a single page, such
as the audio recording, the transcribed version of it, pictures, links, etc.; (2) it can
correlate the position within an audio track with the text being typed at the same
moment, which made it extremely useful for jumping to the corresponding position into
the recording when looking for a certain quote; (3) it is easy to use colour-coding for
categorising the answers.
Figure 50 shows how the themes and the sub-themes were created and what the 4 main
themes finally look like. The next section provides a detailed analysis of the results
grouped under these themes.
5.4.3.2 Main themes
The main themes derived through the process described above are:
1.
2.
3.
4.

The importance and relevance of information within a lifestyle management system;
Visualising information within a lifestyle information system;
User interactions within a lifestyle management system;
Usages of the system.
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Figure 50 Creating the themes and sub-themes

Theme 1: The importance and relevance of information within a lifestyle
management system
As argued throughout this work, when recording such a vast amount of information as
well as when creating compressed visualisations such as the MyRoR stories, it is
important to understand how the end users experience their information as well as the
daily events. This theme focuses on such issues by taking a cross-user analysis approach
and by using the various probing means described in Section 5.4.2.3.
As described in Section 5.4.2.3, the annotation process played an important part in the
studies as it allowed for participants to record what they considered important during
their daily activities. During the interviews, by discussing what and why they annotated
we were able to identify what information or moments they found most worthy to
annotate (M1 in Section 5.4.2.5). Even though initially I expected that people would use
the annotations mainly to record certain changes in mood, physiological state, or stress
levels, the actual reasons for annotating were more varied, and they changed from
person to person, from day to day or even during the day, from situation to situation.
Main reasons identified as triggers for annotating were:
1. Changes in mood/emotions/stress levels (U1, U3, U6);
2. Perceived physiological changes: e.g., getting warm (U1) , getting dizzy (U2);
3. Delimiting certain episodes: e.g., meeting starting/ stopping, travel-related, going to
lunch, having a coffee break (U1) ; getting on/off the bus, climbing stairs (U2); having
a smoking break (U3, U6) ;
4. In expectation of certain stressful (physical, physiological or emotional) situations:
e.g., getting to the airport, preparing to go through security (U1); climbing the stairs
(U2); preparing to cross the street (U4); before an activity that required an increased
physical level (U5).
All participants observed that the meaning of the annotations changed during the usage,
as their situation changed as well as their understanding of how such annotations could be
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used improved. The means provided for annotating also had an impact on what and how
annotations were made, as I will discuss in Theme 3.
Another way of exploring what each participant considered as important or relevant
information was by using the interface and visualisations provided by the MyRoR system
in order to explore their own recorded data (probing means M2 and M3 in Section
5.4.2.3). During this process, each participant was asked what they found more
interesting to see. Also, through the discussions, I observed how each participant used
recorded information to remember or reflect on what happened during the recording.
Underneath I include a detailed cross-user analysis for each main type of information
discussed during the interviews. Such analysis is important to understand the value of
information within a lifestyle management system.
Type: Heart rate (HR)
Each participant could see the recordings of their heart rate values initially through
detailed visualisations (Figure 25c) and in Phase 2 also within their stories. Heart rate was
considered most valuable when the participant had a history of heart disease and he was
used to constantly monitoring this condition over time (e.g., through constant blood
pressure recording) (such as U2). However, having additional information that allowed
for placing such recording within a time, place and situation was considered a vast
improvement over the solutions U2 was using (i.e., daily measuring of heart rate/blood
pressure and writing into a journal). Having the means to add simple annotations when
something abnormal was experienced further improved the experience and
understanding.
On the other extreme, U3 considered that, as he thought of himself as being healthy and
fit, he had no interest at all in seeing his heart rate. However, he found it interesting to
see the relation between his regular smoking breaks and an increase in the heart rate
values. U4 also said that she had little interest in seeing her heart rate, but her reason
was very different: she considered herself as being very aware of her own physical
condition, including heart rate, and did not think that having a recording of the heart rate
would provide her with anything new or interesting. She saw heart rate as obvious
information and expected the system to show her things she is not usually aware of (i.e.,
more correlated and inferred information).
U5 was moderately interested in heart rate but only when shown within the context of
recording. He said that otherwise he needs to spend too much time to remember and
understand what was going on during the recording.
Placing such information within a context allowed for interesting inferences to be made
with regard to the impact of certain types of activities onto the physiological data. When
participant U1 analysed his data he saw that his heart rate had been constantly higher
than usual during a flight, without him being stressed at all. Such observation made him
deduct that this might be one reason why he usually felt tired after a flight, even though
he did not perform any special physical activities.
U6 was intrigued by the heart rate recordings and kept checking the data against her
memories of what happened during the days when she used the system. The recordings
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provided means to remember as well as reflect over daily activities, such as getting up,
getting ready for work, being at work, leaving work, picking up son from school, coming
home, putting son to bed and relaxing, in the evening, in front of the TV. In this user’s
case, the heart rate graph-based visualisation provided a good image of how her day
evolved. She was surprised to see that within a situation that she perceived as stressful
(first day in new job) the heart rate was not higher than usual, as she expected.
Beyond these user-specific insights, discussing the heart rate with the participants
provided a better understanding of how such sensors work and how movements impact
the heart rate measurements.
In conclusion, the heart rate was not considered a main type of data by itself. Instead, it
was essential to analyse it in relation to other types of data, such as movement or
situations, which helped place it within a context.
Type: Movement (energy expenditure)
The energy expenditure (EE) values give a measure of how much movement the user was
doing and they proved very useful in discussing and identifying the daily activities with
the participants.
While the graph-based representation of the energy expenditure (Figure 25c) was initially
considered harder to understand (U5) and in need of more averaging in order to remove
its ‘nervous’ profile (as U1 said), once understood, it was often used as a confirmation of
what participants remembered that happened during the day and treated as an objective
measure of how much movement was involved.
U2 used EE to reason on how movement impacted his heart rate values. The relation
between the heart rate and the energy expenditure became obvious as the increase in
movement was usually correlated with increases in heart rate.
U3 used the energy expenditure far more than the heart rate, especially in order to
recognise his smoking breaks and also to delimit daily episodes, such as going home and
so on. The EE became even more useful when combined with GPS, as also mentioned by
U5.
U6 found EE very useful and interesting as it helped her recognise exactly when certain
changes happened during an episode (e.g., reading about how to replace a car part vs.
starting to do it). She also used EE to identify when she went out for smoking breaks.
An important realisation was also the impact of sensor placement on the accuracy of the
recording in relation to the performed activity. If the Alive monitor was worn on the
upper part of the body, it recorded movement even when the user was sitting at the desk,
typing, while a similar situation (i.e., “sitting”) generated much less movement when the
user was watching TV. Such dependence on where the sensors are worn highlights the
danger of too much information processing (e.g., deriving movement contexts such as
“sitting”, “walking”, etc.) purely based on one sensor.
In conclusion, I would say that the energy expenditure provided more value than the
heart rate. Having an approximate measure of movement, as MET values provide, as well
as a meaningful description of what they could represent (as described in Table 5 from
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Section 4.2.2.1) seemed to be enough to allow people to identify and remember their
activities.
Type: Location (GPS, WiFi and others)
Location is one of the most used information types in context-aware systems, so it was
interesting to see how important it was for the participants, especially as multiple sensors
were used and they provided various granularities of absolute and relative locations.
As described in Section 4.1.1, various types of data can be used by the system to
determine location-related information. The finest grained one is GPS-based but such
location is not always available, especially when the user is inside a building, car, train and
so on. As U1 pointed out, travelling abroad can also limit the availability of such
information as sometimes a data plan might be required in order to download GPS data
(when using assisted GPS - A-GPS).
The mobile country code has the largest granularity from all types of location recorded
and it becomes useful especially when travelling abroad. U1 used this information to
remember which trip he was in at some point. This is useful information to have especially
if the user decides not to record GPS and WiFi for battery reasons.
Out of all participants, U5 was probably the most interested in location and spatial
movement as all his recollections revolved around where he was during the day. U1 also
liked to look at his recorded location but he concluded that such information becomes
less interesting when spending the whole day inside, working. For such cases an indoor
location would be more useful.
U2 was not very much interested in the actual physical location, but more in the
interpreted one, such as being in the bus, at home, at the church and so on. Given that
his main interest was on monitoring his heart rate, location was just used as supporting
information.
U3 said he was interested in location but the occasional unavailability and imprecision of
GPS did not make it seem very reliable. Alternatively, he suggested determining user’s
location based on the recorded WiFi SSIDs around. This method was added to the
information processing during the studies, providing a simple way to determine if the
user is within the range of a known WiFi network, such as it often happens when at home
or at the workplace. Even if this method does not offer a high granularity location (e.g.,
room level), it provides enough information for the users to remember where they were
at some moment during the day.
U4 was also not very interested in her location, unless it provided background
information for some other activities. U6 used other information, such as energy
expenditure and heart rate to discuss where she was during the day.
The conclusion is that, for most participants, the importance of location depends on the
user context: it is more important when the user travels to less usual places and less
important when the user mainly spends his day going between familiar locations, such as
home and workplace.
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In terms of story creation, location became a main type of event setting information, used
to determine what background should be chosen for each story event, as detailed in
Section 4.3.2.
Type: Bluetooth devices around
The graph-based visualisations showing the number of recorded Bluetooth devices over
a day as well as the BT device name and MAC address of each device offer a good
representation of what and how many devices were around and for how long (see Figure
25b). Such information could be used to identify people around (i.e., based on BT name,
especially when they are called X’s phone or Y’s computer) as well as relative locations
(i.e., being within the vicinity of another BT-enabled device)67.
During the interviews, each participant used the visualisations to remember and discuss
what was going on during the recording. As users pointed out, the BT-based information
is most useful when further interpreted, such as, to show how many devices were around
or for how long a certain device was around. This way, the number of BT devices recorded
at some point can give a sense of crowdness as well as a sense of how such measure
changed (e.g., either by the user moving or by the crowd moving). U1 used this measure
to recognise when he went through various environments during his travel (e.g., crossing
an airport and going from security control to a quiet area zone). The crowdness level was
also interesting for U5, which used it to recognise when he was at a party. In fact, U5
found this information one of the most interesting ones. Similarly, U6 used it to recognise
when she went for a smoking break, as the smoking area is in a crowded square.
The BT-based information also proved very useful as a tool for identifying who was
around, especially when the BT device names were meaningful enough. U6 remembered
when a friend was around her house and for how long by seeing her phone within the
recorded devices. U1 could identify patterns of certain people coming in and out of a daylong workshop. The visualisation used by the MyRoR system (see Figure 25b) also allowed
people to filter out certain device names which, in turn, allowed for identifying for how
long a certain device was around.
Type: Ambient noise levels
Even though the ambient noise levels are somehow more problematic to record, as they
differ from device to device and even from OS version to another68, using the timeline
visualisations allowed participants to identify various situations during the day, such as
being in the office, in the car, train, at a restaurant, at a party and so on.
Seeing the recorded noise levels was also helpful in generating discussions around the
impact that such noises have on them. One participant (U4) specifically recognised the
impact of high and disturbing noises on her stress levels and recognised the importance
of the system to highlight such conditions. U6 used sudden noise level increase to
recognise children playing around (her son’s friends came to visit). U5 found this
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The values recorded are an incomplete set as many modern phones hide their BT name and MAC address by default.
See discussion in Section 4.2.2.1, Table 10.
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information as one of the most interesting recorded, mainly because of its immediate
meaning.
Type: Ambient light (light intensity)
The light intensity was not used in the initial studies (Phase 1) due to technological
limitations therefore it was only available in later studies (Phase 2). The interpreted
meaning of the sensor gives very useful information regarding the environment where
the phone was: e.g., dark, indoor lighting, outdoor cloudy, sunny (see Table 11). U6 liked
having such interpretations within her story. She could also identify important moments
during the day by seeing if her phone was in the dark (i.e., in her bag) or outside. For
example, she could see a correlation between the light level and the time she left home
or the time she left work, as the sensor values showed that the device was in the dark
(she usually puts it in the bag before leaving).
Type: Social interactions (calls, sms, emails, calendar events)
The MyRoR system (through the mobile phone platform) collected information about the
calls made or received during the recording period as well as SMS messages sent or
received. However, such feature was only available once the platform moved to Android,
so only some participants could use it and it was better highlighted within the stories69,
in Phase 2. This information became more useful when the phone numbers could be
mapped to real names (available if the name was previously stored in the phone’s
contacts). Such mapping was used in the story creation process and was very much
appreciated by U6.
Having access to other information involved in the communications, such as topic and
tone, were seen as most interesting by U470.
Besides identifying conversation parties, during the Phase 2 interview with U6 it turned
out that the number of calls/messages over a certain day provided a sign for her that
something unusual happened: while looking at her story created based on data from
previous recording sessions (almost one year old) U6 realised that during one of the
recording days she made/sent and received an unusual number of phone calls/sms
messages. As the story did not include any person names (just phone numbers), it was
hard for her to remember what actually had happened but it prompted her to look for
other information that could help her remember what went on during that day.
Information about the emails sent and received during a certain day could be obtained
on-demand, through the blog interface (see Figure 24). Most of the participants did not
consider emails as important information, probably because most interviews took place
soon after recording and there was no need to use emails to remember or understand
what happened. However, in the episode mentioned above, where U6 could see that
something unusual happened during a certain day (based on a high number of calls and
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The call/messaging history is an important component of social context and very useful to have within a story, therefore
it was used as a trigger for the story event creation within the story process (see Section 4.2.2.1).
70
Such information can be easily extracted in the case of written data, such as SMS and emails.
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sms messages), the only way she could eventually remember what actually happened
was by accessing her emails for that day.
While certain participants recognised that emails received could have an influence on
their stress levels, the recording scenarios did not allow to experiment with such aspects.
Based on such observed activities during interviews, emails seem to be more useful when
used as long-term memory prosthesis.
Within the recording setup, calendar events were not directly recorded but participants
using Google Calendar could easily access their events for a specific day through the blog
interface. Similar to emails, calendar events were not immediately seen as important
information but more as long-term memory prosthesis or background information. U1
recognised their importance when accessing the system after a long time. U1 also used it
to make sense of busy days or recognise when he travelled.
The dependence of such information on the user’s organizational skills makes it useful
only for certain types of people. While any person maintaining a calendar already would
have access to this type of information anyway, the system should provide derived
information that can contextualize other recorded information (such as increased heart
rate within a meeting context).
Type: Keystrokes
The recorded keystrokes provided means for users to remember what they were typing
within a certain context (application used and time). Within the system, the keystrokes
were visualised both with the help of a detailed table format (showing timestamps and
applications contexts) and through an abstract word cloud, showing most typed words
within a certain day (similar to Figure 25e).
Based on the interviews, the keystrokes were not initially perceived as very useful, at least
not without further processing. U1 considered that showing all keystrokes (i.e., including
special characters) made the visualisation too messy. On the other hand, he said that
recording control characters could provide interesting information when processed, as
he made a relation between having lots of Backspace and Delete characters and an
increased stress (e.g., due to being in a hurry or being already annoyed by something) .
Given that the application context was also recorded, keystrokes visualisations were also
useful in detecting other activities, such as web surfing (when such information was not
otherwise recorded) or chat conversations (useful especially because most chat clients
do not allow access to chat history). Based on such information, U1 was able to remember
detailed information, such as receiving an email asking for a paper, looking for the paper,
sending it to the other person, sending other emails and so on.
U3 was also able to remember what he was doing during one day based on keystrokes
recording. However, he thought that having only a record of the applications used could
be enough to remember what was happening.
The keystrokes recording is a more invasive type of recording as it can also capture
passwords so it requires more attention in terms of filtering data.
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Overall, I can conclude that the keystrokes are able to provide very interesting
information when further interpreted and correlated with other information, such as
time, applications used, or additional knowledge such as emotion-related words.
Type: Applications usage
Through the PC activity platform, the system recorded time stamped information about
the applications used as well as certain application events such as open, close, or run. The
participants could examine such information both in a table format (Figure 25f) and as a
word cloud (Figure 25e) that helped to identify most used applications during a day.
As with the keystrokes, the application usage information was used to remember what
was going on during the day and compensate for other missing information. Based on
seeing his application records during a certain day, U1 remembered that he was mainly
listening to presentations during a meeting because his records showed that the
screensaver was on a lot.
U3 also found it helpful to see what applications he used during a recording day. Seeing
that he mainly used a shell program prompted him to further reflect on how that day was
as he remembered that he did a lot of system configuration. From that, he went on to
remember that he was quite stressed as the system was not working as it was supposed
to.
Similarly, U6 recognised a stressful day by seeing from the records that she used the Task
Manager program a lot. Based on that, she remembered that certain software kept
freezing and she had to kill it several times (i.e., through the Task Manager).
Such insights suggest that performing further filtering to determine frequency of usage
of certain applications is needed in order to increase usefulness. Furthermore, such
examples also show that additional information such as the purpose of certain
applications (e.g., what the Task Manager does, what the shell program usage means for
a specific user) would provide useful insight not only for the activity context but also for
others, such as the emotional context (i.e., as a potential cause for stress).
Type: Others
Out of other types of information recorded, the signal strength was not considered of
much interest as its usefulness was not immediately perceived, at least not within the
available recording scenarios. However, from discussing it with certain users, various uses
for such information could be envisioned, especially when battery consumption or
reachability are important. As U1 observed, there is a correlation between signal strength
and battery consumption, as more power was consumed at his workplace where the
phone had poor connectivity.
In terms of additional information to be recorded, not many other types were mentioned.
U1 mentioned that he would like to have indoor location information recorded as well as
the agenda, if one was used during a meeting. U1 suggested that an agenda could
become a central point during a meeting situation by providing correlations between the
current agenda item and the user’s physiological state, people around, noise level,
applications used, emails sent, web activity and so on. U6 mentioned she would like to
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see how many times the phone alarm went off as a measure of how many times she
pressed the snooze button. She wanted such information so that she could test if her
personal impression that later in the week she presses the snooze button more often is
true.
Conclusions
Overall, what the interviews showed is that the usefulness of information cannot be
detached from the context it was recorded in. For example, within a meeting, important
information includes stress levels, participants, ambient noise levels, or room
temperature. Within a travel scenario, location tracking becomes more important,
followed by crowd levels, noise levels, stress levels and so on. The importance of
information can even change based on the nature of the same event: i.e., meeting as a
long workshop or conference vs. meeting as a dedicated, short brainstorming.
Furthermore, as U4 noted, what people find important not only depends on the situation
they are in but also on what is going on in their lives, such as certain health condition(s)
or current goals that take precedence (e.g., heart problems, losing weight, quitting
smoking, etc.).
Such observations are very important for designing systems for lifestyle management.
Hence, we can expand the insights above by saying that while there are certain types of
information that are more interesting for end users, their importance changes with
situations, time and current health conditions.
That means that we cannot create lifestyle management systems that only focus on a
certain type of information. The importance of information changes constantly, as the users
experience different situations: sometimes heart rate is most interesting, sometimes
physical location. In order to present relevant information to end users we need to be
able to change the role of information in a dynamic way, therefore we need to create
dynamic information and presentation models that can adapt based on changes in context.

Theme 2: Visualising information within a lifestyle management system
Within this theme I include an analysis of what users reported or proposed based on their
experience with the various visualisation means offered by the MyRoR system, from
detailed (i.e., graphs, maps, tables) to abstract (i.e., stories).
1. Detailed information visualisations
While the detailed visualisations71 were used for generating discussions around
importance of information as well as finding correlations between the visualised
information and what the user remembered about the day (M2 in Section 5.4.2.3), one
other goal was to test how useful such visualisations are within a lifestyle management
system, as they are the most commonly used means for visualising data within current
solutions.
The data-intensive timeline-based representations, such as heart rate and energy
expenditure, were found too ‘noisy’ by users, as specifically mentioned by U1 and U5, that
71

Section 4.3.1 includes a comprehensive list of the detailed visualisations currently offered by the MyRoR system.
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also mentioned that the data should be more ‘summarised’, through averaging over
larger time intervals.
Exploring the detailed visualisations allowed some participants to envision further
correlations they would like to see, either within or between various types of information.
Some examples U1 gave were: frequency of typing (number of keystrokes/min),
frequency of using Backspace, the number of Bluetooth devices around vs. the time they
were around (e.g., useful to figure out when people came and left during a meeting or if
they were just passing by).
The detailed visualisations also allowed participants to understand how sensors work, as
it provided them with a very clear relation between what they were doing and what was
recorded. For example, through correlating her energy expenditure recordings to what
she remembered she was doing, U6 was able to better understand how much the
position of the sensor on her body affected what was recorded through the
accelerometer. Another correlation that was noticed by all participants was between
movement and heart rate. Given that these two data types were captured through the
same device (i.e., the Alive monitor) and were fully synchronised, they provided the
participants with the insight into how movement affects the heart rate as it became
evident that sudden increases of heart rate values were triggered by them starting to
move.
More abstracted visualisations, such as word clouds, were used for representing textbased recordings, such as applications used or keystrokes typed. As U1 and U6 observed,
the word cloud visualisation provided by Google was not very good as it did not allow for
customising colours and minimum sizes, making it hard to see less used words. Also, they
suggested removing certain words that appear very often but have no important
meaning, such as ‘the’, ‘as’ and so on (for the keystrokes visualisations) or ‘exe’ (for the
applications)72.
2. Story-based information visualisations
As previously described, the story-based information processing and visualisation
formed an essential part of the system design and building as well as of the user-based
evaluations. The MyRoR digital stories allow for an abstract (i.e., high-level) way of
representing a large variety of information, as outlined in previous chapters. The userbased evaluations were designed to provide answers to questions around what
information should be reflected within such stories and how. Therefore, both within the
online survey and the in-situ evaluations, users were exposed to the MyRoR stories (both
concept and prototype) with the goal of better understanding how this concept was
received as well as how it should evolve in order to provide a better experience. In Section
5.4.2.3 is described how the story concept and prototype were used within the interviews
to collect essential information from participants (M3). These results are included here.
Most importantly, all participants liked the story visualisation and having a compressed
alternative to the graphs, while also being able to still access the graphs for more details.
U2, which was the eldest participant, said he liked more to see the story interface as
72

Such feature was subsequently added to the visualisations.
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opposed to the graph one as it was easier to understand and it brought all the
information together. He compared the MyRoR system with his current means of
recording health-related information and could see the advantages provided by the
system as it allowed him to create a relation between his heart rate and other things
happening within the same time period. He said he would like to use the system as a
digital diary to keep track of his health, especially as he can add his own notes to it.
U5 said that the story visualisation is the most interesting aspect of the system. He
believed he would get more information out of playing a short story (no longer than 5
minutes), than looking through the graph-based visualisations of his data, as he thought
that the graph visualisations require too much effort and he would probably not use them
at all. He liked the stories because they are powerful means to abstract all the recorded
information. He said that most available self-monitoring systems have the same problem:
they require too much effort from an end user in order to understand what was going on.
U1 believed that in most situations he would just look at his daily story and use the
detailed visualisations less and less. U4 liked the story as a collection of various types of
media as, she said, “pictures say more than words”. When shown her own story (in Phase
2) she really liked it as she found that it matched her vision of what a story should look
like. She kept repeating “Brilliant!”. She said that watching your story is like watching a
snapshot of what you were as a person at a certain moment in time. U4 also said that the
story representation gives you an outsider view and makes you reflect on your behaviour.
She was impressed by how much data could be compressed within a few icons and text lines.
U3 liked the story representation but considered that he would not necessarily look at it
every day. However, he thought it would be a good way to share experiences within a
social circle and that he would like to see such stories shared by his friends.
U6’s reaction when first seeing her personalised story was also very positive: “Brilliant!
It’s strange. It’s so good the way it’s all put together!”. She very much enjoyed how her
familiar locations, recorded data as well as annotations were helping to create a compact
picture of what happened during the recording days.
Besides gathering reactions to experiencing their stories, it was important to also better
understand if and how the participants would like such stories to be customised, both in
terms of the graphical interface and in terms of the information shown.
3. Customising the graphical interface of the stories
When asked about the graphical interface of the story, all participants were happy with
the concept as well as the final prototype of the story. The story concept evolved during
the interviews to include suggestions from the participants. For example, the text version
of the story was added because U5 suggested it during the initial interview (Phase 1) but
also in order to accommodate cases when no graphical mapping existed for certain
context values (see details on story creation process in Section 4.3.2). U5 said that he
might even consider using the narrative version only (i.e., without the icon panel),
depending on the mood. However, U1 said he did not always like the text version of the
story and would like to be able to sometimes put it away. U6 said that she read the text
version because ‘it was there’ but, once she would get used to the icon version, she would
prefer to just take a quick glance at that panel instead. U2 liked both the icon-based and
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the text version of the story. Surprisingly for me, he could very well follow and read the
text description, even though he is poorly sighted.
While the participants said that they would like their story to feel personal, by being able
to have their own icons, pictures and so on, they also said they would not like to spend
too much time on that, so some fast way of customisation has to be provided, such as
initial configuration through templates or skinning (as suggested by U1), allowing for
selecting pre-defined sets of icons. U2 did not think he would select his own icons but
given the choice of sets of icons he would pick the ones that he could better relate to. U2
also said that he would understand his story through icons as he would get used to the
icons selected to depict the various values. U6 could not relate to some of the currently
used icons and she said she would like to be able to use her own icons or at least be able
to change some of the icons from an available set. She had a strong reaction towards the
icon for SMS as it showed a postal box with SMS written on it instead of a phone.
However, she also thought that once she would become more familiar with them she
would become more comfortable.
Regarding using colours to personalise a story (as in 5.3.4), U4 said her interpretation of
colours changes with time as well as with the situations. This is a very interesting aspect
to explore as most of the research in this area (i.e., mapping colours to
emotion/situation/concepts) only considers certain parameters such as cultural
background without taking into account historical or contextual aspects. With regard to
being able to select own avatars (as included in the initial story concept), U4 said she
would really like such option as she could include an abstract representation of how she
saw herself at that moment in life. She discussed how such representations changed
during her life, in order to reflect her beliefs, her fears and self-image73.
Another important aspect of the current story design is the event background (see Figure
30), which is used for displaying information related to the physical location (as described
in Section 4.3.2). While testing the prototype story (in Phase 2) participants responded
very favourably to having their familiar locations, such as home (and home area) and
work, displayed as background for the story events. As U1 and U6 observed, the
background provides an immediate context for the event depicted and allows users to
better relate to their stories. Based on initial feedback from the evaluations, I created a
simple interface that allows a user to pre-define certain familiar locations (either by using
GPS coordinates or WiFi SSID), such as home, work, areas, and associate them with
meaningful pictures. Such pictures are then used to customise their stories.
4. Customising information shown within stories
As seen in Theme 1, the information people find most interesting and relevant changes
depending on the current situation. Therefore, it is quite natural that such changes would
be reflected within the stories.
U1 said that it would be good if he could tell the system what the ‘primary’ focus should
be: e.g., seeing the emotional aspects, physical (movement-related), social (interactionrelated) and so on. During this change of focus, the story should also change other
73
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correlated information (e.g., ‘secondary’), in order to show information that is relevant
to the primary focus. For example, U1 said that if the story’s main focus is on
physiological/emotional aspects (i.e., changes in heart rate or mood) information such as
calendar events, noise and crowd levels should be emphasised too if the user believes
they have an impact on his emotional state. U1 also proposed that one way to do such
changes in primary and secondary focus could be through templates, as opposed to
having the user select the information all the time. U1 also said that he would like to see
somehow emphasised through the interface what the primary reason for creating a
certain story event was (e.g., user annotation, call, message, etc.).
This issue of using templates to select what to be shown (or not) was explored during
various interviews (especially with U1, U5 and U6) as a solution to customising stories
with a limited effort required from an end user. Based on these discussions, two kind of
template-based story content customisations were identified: (1) to set story focus; (2)
to select the information types to be included within a story.
U1, U3 and U6 said that they would like to see more detailed social information included
(such as names and pictures of people around). U1 suggested using information from the
address book in order to retrieve contact photos that could be displayed within the story
(when possible).
U6 said that she would also like to see a location-based path as part of the story, both for
indoor and outdoor activities.
U5 said that he would like to see his stories being created around significant changes
within movement (e.g., through observing energy expenditure) and ambient noise levels.
He would also like the story to be able to capture episodic events, the same way he sees
his day: e.g., start/end of a bus journey. However, given that what he considered most
interesting would likely change with time and with system usage, he said he would like to
have the option to select and de-select what should be shown within his stories as well
as how the stories should be created in order to experience with various emphasis on
information and decide which one he would like most.
U3, U4 and U6 said that they would like their stories to evolve towards showing more
interpreted information. U4 said she would like her story to be able to reflect patterns
based on correlations between certain physiological parameters and possible causes
(e.g., “your heart goes up when…”). U3 said he would like to be able to query the system
for ‘similar’ story events within a certain period, e.g., showing events representing
‘smoking’. U6 said that she would like the system to be able to identify busy and stressful
moments during the day.
While initially used as a means to identify what users considered interesting during
recordings, annotations eventually became an important part of the stories, being used
in creating story events (see Sections 3.5.5 and 4.2.2.1). The interesting aspect was that
once the free-text annotations started to be used by users, the stories became even more
interesting as they included an added level of personalisation. U6 and U1 said that they
would like their annotations to be shown more prominently within their stories (e.g.,
even as part of the background, as U6 suggested), as they are their most personal
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information. The fact that they spent effort in putting them in made them somehow more
valuable than the automatically recorded information.
All users said they would like their stories (i.e., story events) to be created through a
mixture of their annotations and system intelligence. However, some users, such as U3
and U5, favoured mainly allowing the system to determine what the story events should
be. U6 noted that the system should also be able to identify by itself stressful and busy
moments as she was not able to annotate during those times even though she considered
them very important.
Similar to the discussions on the importance of information reflected in Theme 1, all
participants believed that their preferences regarding how their stories are created and
shown would change with time, context, etc., therefore the system should accommodate
such changes through interactions. The next theme explores such issues.

Theme 3: User interactions within a lifestyle management system
User interactions play an important role within this work, spanning from information
gathering, to processing, to accessing and customising interfaces and content. Through
the means provided, users were able to contribute to the information gathering process
by annotating what they found most interesting (either through the Alive event button
or, later, through the two phone widgets). They also had the possibility to add their own
notes through the blog interface.
In this theme I discuss how participants used the means provided and what suggestions
they made in order to improve such interactions.
1. Using annotations means
In Section 5.4.2.2 I described the means available to users for creating annotations. When
asked how they annotated, most participants replied that it had to be a change from the
activity before. However, it was hard to generalize how significant such change should
be, as the change depended on what was being observed (i.e., emotional, physiological,
physical, episodical aspects, etc.). Some users (e.g., U1) found it harder to change the
meaning of annotations when using only the Alive event button. However, it became
easier to do so when using the text annotations (phone widgets), as they allowed for
defining meaning. The free-text annotations were added to the system based on
feedback received from users during the Phase 1 interviews74. As U1 and U6 used the
system to record in both phases, they observed different behaviours with the two
different means: when using the binary button, the events observed had to be more
defined, different enough while the text annotations added an additional incentive to
annotate as they allowed for explicit meaning. U6 especially observed a dramatic change:
while using the system with the binary button in Phase 1 she hardly annotated anything
(she said not that much was interesting for her), during her second recording session
(Phase 2) she recorded a large number of text-based annotations.
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Enabled by the developments within the AIRS platform.
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While the participants were initially able to recollect why they pressed the Alive event
button during the Phase 1 interview, they were less likely to do so later, in the second
phase, when their story was created based on data recorded during the Phase 1.
Generally, they could still remember, but it took longer and extra information had to be
examined (such as calendar events or emails) in order to put the pieces together. U6
mentioned that, if using only 0/1 annotation means, it would be useful to have easy ways
(either text or audio) to add annotations while exploring their data after the recording.
Audio means would be more powerful, as they could be used to record users’
explanations and reflections while they visualised their data.
However, the lack of meaning in the first annotation method was not the only downside.
The available device (see Figure 47) came with certain limitations and frustrated users
complained about: (1) the lack of feedback when the button was pressed; (2) the
likelihood of accidentally switching off the device by pressing the smaller button on the
edge of the device instead of the middle event button (especially when having the device
in a pocket); (3) the slightly awkward way of pressing a button when the device is in your
pocket; (4) the impossibility of doing so when you have no pockets available.
Driven by such feedback received during Phase 1 as well as by the technological advances,
2 phone-based widgets were introduced in Phase 2: one for creating text-based
annotations and another one for selecting a mood that fitted their current emotional
state (see Figure 48). As the users had the option to use both widgets, it was interesting
to observe that the mood widget was not used that much. The explanation was that the
event annotation already included a ‘hint’ of the emotion/mood present at the time of
the annotation and it allowed for more complexity. For example, U1 said that when
annotating ‘Having coffee’ a mood or relaxation was implied. Another finding was that
having a quite extensive list of moods was not enough as people sometimes cannot relate
to anything a designer decided to offer. U6 asked to be able to define her own mood
description. She used such added option to define her ‘impatient’ state.
In terms of the annotating behaviour, it is important to mention that once users
understood how such information was used within the system and, especially, within the
story creation, they said they would be more incentivized to annotate. The text/mood
annotations became so important within their stories that U1 and U6 asked to see them
more prominently displayed, such as part of the event background.
The annotating process itself was influenced by understanding how stories are created
(i.e., that each event has a 10-minute window of recorded data), what is recorded and how
information can be accessed through the system. Both U1 and U6 noticed that when using
the text annotations, they tried to focus on what was harder to capture by the system.
For example, they did not feel necessary to focus on location (if they knew this was
recorded anyway). Instead, they focused on more complex descriptions, frequently
involving a more complex state incorporating various aspects, such as mood, location
and situation. U1 used annotations such as “Having a coffee” as a way to express a
relaxation state, a break within a busy work schedule. U6 used annotations such as “Tom
is in bed” (where ‘Tom’ stands for her son), as a way to express that now, that she put
her son to bed, she could relax and enjoy a quiet time in the evening.
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When asked why they did not annotate more, users gave various reasons: (1) they did not
think anything interesting happened (U2, U3, U6); (2) they did not have time to annotate
during that situation and later they forgot to (U4, U5, U6); (3) they would have preferred
a different annotation mechanism (U5).
More importantly, the users said that their behaviour with regard to annotating changed
during the recording days and would continue to change with system usage and based
on a better understanding of how annotations were used in the data processing and
visualisations. U6 said that she would like to be able to also add annotations into the
system later, possibly based on a calendar-view that allows for marking certain time
periods during the day and annotating them either with text or audio. All users agreed
that the blog interface allowed them enough freedom to add their own explanations at
any time75.
Overall, annotating both during recording and after proved to be a useful way to interact
with the system and capture information from end users. While used together with
automatic recording and processing means, it offers a powerful way of involving end
users within all information flow stages, allowing them to help in identifying
meaningfulness. Annotations created engagement and allowed users to identify a new
sense of relation towards information (i.e., annotations being somehow more important
than automatically recorded information). In Theme 4 I discuss other aspects identified
through the annotating process as well as certain envisioned usages.
2. Query-based interactions
In order to access recorded and interpreted information, some users suggested a querybased interface, in addition to the already existing means of access (i.e., detailed and
abstracted). For example, U3 mentioned that he would like to be able to access
information through an interface that could answer questions such as: “show me the day
when I got annoyed while talking to person X?”.
3. Customising the system
Theme 2 talked about another kind of interactions: customising stories both in terms of
graphical elements and content. The conclusion of these discussions was that while the
participants said that they would like the story to feel personal, by being able to have
their own icons, pictures, information and so on, they also mentioned that they would
not like to spend too much time on that, so some fast way of customisation has to be
provided, such as configuration through templates or skinning (e.g., themes, icon packs,
etc.).
Based on the recording process, it became clear that recording templates would also be
necessary, allowing people to decide what to record in different settings and how often.

Theme 4: Usages of the system
Another important aspect of the evaluations was to capture various usages of the system
as a lifestyle experience platform, focused on accommodating changing needs. The
75

Further means need to be provided in order to allow for better correlating the user-added blog posts and media with the
recorded information.
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design of the recording setup as well as the semi-structured dialogue during the followup interviews provided a flexible environment that allowed for capturing participants’
suggestions regarding envisioned usages as well as for observing how the participants
used the system to remember and reflect on their daily situations.
One of the observations derived from the studies was that the participants that had
certain health issues were mainly interested in having recordings that allowed them to
better monitor those issues. For example, U2 was mainly interested in monitoring his
heart rate and in seeing how his heart rate changed during the day in relation to other
information that he believed affected his heart rate, such as movement. U5 had certain
loco-motor issues and he was mainly interested in movement-related aspects. However,
most users said that the purpose they used the system for would evolve with usage and
changing needs. This theme contains a discussion of the main usages mentioned or
derived during the interviews.
1. Tracking behaviour to detect changes and similarities
Certain users, such as U3, U4 and U6 were interested in having the system track certain
behaviours over longer periods of time and in being able to identify changes. For
example, U6 mentioned she would like the system to be able to track her smoking
behaviour over time as well as in different situations, e.g., number of smoking breaks at
home vs. at work. She also wanted the system to be able to reflect how certain behaviour,
such as waking up, changes over the week (e.g., through observing the number of times
she snoozed her alarm). U4 was especially interested in a way to record how her interests
changed over time (e.g., based on what she searched for, wrote, etc.).
Another type of longer-term analysis mentioned during the interviews was based on
tracking behaviour in order to identify similarities. For example, U4 suggested that the
system, in time, should become able to recognise similarity within situations (e.g.,
“you’ve done this before”) or locations (“you’ve been here before”). Another interesting
idea came from U3, which suggested that his annotations should be used by the system
to learn and recognise similar situations and locations by itself. He observed that his days
contain many routine situations, such as going from home to work, going for a smoke,
going to lunch and so on and it should not be necessary to repeat these annotations.
Supporting people in finding causality relationships between what happened and what
they experienced (e.g., emotions, physiological changes) was one of the main goals of
creating such system. However, given the high probability that such systems would have
to function with incomplete or, even, inexact information, great care should be taken in
automatically creating and delivering such inferences to end users. Such challenge was
highlighted through U4’s statements that said she would like her stories to evolve
towards incorporating certain causality information based on correlations between
physiological parameters and possible causes (e.g., “your heart rate goes up when…”)
but, in the same time, she would not like her system to make too many inferences as she
thought the system should allow the end user to make sense of the data.
2. Supporting self-reflection & self-understanding
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As highlighted through the vision and research questions (Section 1.1), it was important
for this work to look at how people could use such systems to support self-reflection and
self-understanding. Given that, in many cases, it is quite difficult to define the borders
between remembering, reflecting and understanding, I tried to capture here mostly
statements and behaviours that were not ambiguous with regard to which process they
represent.
Unexpectedly, an important support for self-reflection came through the annotating
process and it became evident when comparing annotating using the Alive event button
to annotating using the phone-based event widgets. U1 and U6, that used both means to
annotate, observed an important change in their behaviour, as the annotation process
became more reflective, and they started to put more effort in finding a meaningful
encompassing description of what was important about their current state, even in a way
that captured the past, present and future. They also observed that their annotations
were chosen so that they incorporated as much information as possible, such as location,
mood, and situation but at an abstract and comprehensive level. When discussing her
annotations, U6 gave as an example an annotation like ‘Tom is in bed’ (where Tom stands
for her son). She said that the annotation did not only mean that her son was in bed but
it actually meant that finally the day was over and she could go and relax watching TV.
However, she did point out that the same annotation could mean different things
depending on the historical context, as the sense of relief would be different depending
on how her son behaved during the day: if he had been a handful, she would be more
relieved than if he had been good and quiet.
The annotation process was a reflective activity in itself, either at the time of annotating
(when the user was thinking about what was important and how to annotate it) or after
(when the user could create a whole story based on the annotations).
When using the Alive event button, the reflection was mainly done after, as people talked
about why something was interesting for them and how such interests changed over
time within various contexts. However, a certain reflection was also done at the time of
creating them, as users still had to spend a bit of time to decide if something was
important or interesting enough to record or not. U4 said that she found the annotation
process one of the most interesting things about the studies as doing that allowed her to
reflect on what she found interesting in her life.
From that, it is interesting to observe that annotating, in general, has the power to make
people more aware of what is of certain significance in their daily lives. U5 observed that
having to use the annotating process made him think of his daily activities in a specific
way, as a collection of events, and decide what was interesting and what was not. He also
reflected that when he did not annotate it was not necessarily because the events were
not interesting enough but because he was just not used to notice events and associate
them with pressing a button. However, he thought that such behaviour is to be learned
and become much more natural with time and, especially, once the user sees the value
of such annotations (i.e., through visualisations).

155

Another interesting aspect was mentioned by U4. She said she would like that in the
future such systems could capture the reasons and reasoning process behind certain
decisions, being able to answer questions such as “why have I done that?”, “why have I
taken that decision?”, enabling her to better manage her efforts by avoiding going
through similar decision processes. In terms of the role of stories in such processes, U4
said she would like to be able to see through stories things that are harder to notice or
be aware of.
All users appreciated how the variety of data collected allowed them to reconstruct
various aspects of the recording context and they kept going back and forth between
visualisations in order to see how the heart rate, energy expenditure, location, etc.
changed. For people taking smoking breaks, it was interesting to see how such moments
correlated with other data. U3 saw correlations with increased heart rate and movement,
U6 saw correlations with increased noise, BT devices and movement. U1 was very much
surprised to see how his heart rate was constantly higher than usual during a flight, while
U2 was very interested to notice a relation between heart rate changes and movement.
All participants recognised the importance of having multiple types of (relevant)
information as opposed to solutions that only focus on a certain aspect, such as heart
rate or movement (e.g., through pedometer, accelerometer, GPS, etc.). U5 said that
having a system that only records, for example, heart rate, might give a long term picture
of how the heart rate changed but it won’t help you remember and understand what
happened. U2, used to recording his blood pressure every day, especially appreciated
being able to have a contextual picture that allowed him to better remember and
understand why certain episodes happened (such as feeling dizzy when he was standing
in the church).
The detailed visualisations allowed people to explain their days through the recorded
data as well as to check if the recorded data matched their perceptions (i.e., unusual heart
rate, noisier environment, increased movement, and so on). In some cases, the match
was not there, which triggered further reflections as to why that happened. For example,
U6 was intrigued why the system did not reflect the level of stress she thought she had
during her first days into a new job.
3. Memory prosthesis
During the Phase 1 follow-up interviews, all participants were able to remember and
discuss the key moments during their recordings, either through using M1, M2 or M3 (see
Section 5.4.2.3). The Phase 1 interviews usually took place within a week after the actual
recording happened.
Annotations played an important role in exploring how much people remembered what
happened and why something was considered interesting, either when they included
meaning (the text annotations) or not (the Alive event button). However, it was
interesting that when using only mood-related annotations (i.e., through the mood
phone widget), U6 found it hard to remember what happened, even when the recording
was quite recent (previous week). For example, when she saw a ‘Happy’ mood
annotation she only remembered what happened once she looked at what day of the
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week it was. The same happened with other mood annotations she added, such as ‘Sad’
or ‘Very sad’.
During the Phase 2 interviews, it was interesting to see what people still remembered
from their previous recordings (i.e., Phase 1) based on their automatically created stories.
While heart rate and movement were enough to trigger memories during the Phase 1
interviews, they were not very useful when used in Phase 2 to trigger long-term
memories. For example, by using her story in Phase 2 created based on data recorded in
Phase 1, U6 identified an unusual number of calls and messages during the recordings
performed almost 1 year before. In order to figure out what happened, she tried to check
various types of recorded data. When she could not figure it out, she used the email
connection provided by the MyRoR, which allowed her access to the emails sent and
received during that day.U6 was very happy to be able to find that information through
her system. She said that she would not have been able to remember otherwise.
For people spending a lot of time working with computers, application monitoring was a
very powerful tool for remembering what was going on, down to the level of emotions.
For example, when seeing how often she used the Task Manager application during a
certain day, U6 could remember how annoyed she was that a certain program kept
locking and she had to manually ‘kill’ it every time. Similarly, U3 could remember a
particularly stressful day just by seeing that he mainly used the shell program.
4. Sharing information
Though not one of the main topics, sharing aspects were also discussed during the
interviews. U1 did not see anything bad in sharing his stories as long as he is in control of
how and what is shared. He thought that he would be especially interested in sharing
stories within certain situations, such as travelling, in order to show aspects such as path
during the day, how noisy the environment was, how his heart rate changed. U1 and U5
both talked about their interest in having the possibility to select parts of their stories to
be shared based on situation and not necessarily based on what information should be
shown. For example, U5 said that he would be perfectly ok in sharing his story showing
various types of information recorded while he was at a garden party, as the situation,
not necessarily the type of data, defined what was acceptable to be shared.
U1 said that, most of the times, he would prefer his shared stories to only include
abstracted information, not detailed, such as how much he was typing as opposed to
what he was typing, etc. However, he also saw the possibility of sharing detailed
information, such as heart rate, movement, location and so on, if it served to make a
certain point (i.e., that his heart rate was constantly higher than normal during the flight).
This system usage as evidence was also mentioned by U5 after one incident where he had
an argument with a bus driver that he took a different route than usual.
U3 thought that the stories would be perfect to be shared within social networks. While
he thought that his stories might be a bit boring, as he considered his days uneventful, he
said he would really like to see his friends’ stories. U4 was also interested in sharing her
stories, especially if the system would allow for customising them based on the intended
purpose and audience, such as allowing her to create a different persona through stories.

157

Main findings derived from user-based studies
The user-based studies provided a wealth of information both through the online
questionnaire and the in-situ evaluations (followed by the semi-structured interviews).
As explained at the beginning of this chapter, the main purpose of these exploratory
studies was to provide more insight into designing, building and experiencing lifestyle
management systems, and, especially, into better understanding how to create modelbased visualisations that are able capture a large variety of information within an abstract,
engaging, fun, and compact format.
In the following table I summarise the main findings derived from these studies as well as
show how they impact the main outcome areas of my work. These relations will be
further detailed in the next chapter.
Within the table I use the following abbreviations:
OQ=online questionnaire; ISE=in-situ evaluations; PD=platform design; IM= information
modelling and processing; SC=story creation; UE=user experience; UI=user interface.
Findings

Derived
from
F1. It is helpful to provide end users with a system that OQ, ISE
captures multiple aspects of their lives.
F2.Importance of information depends on user and user ISE
context at the time of recording.
F3. Importance of information depends on how it was ISE
collected: user-based annotations are considered more
important.
F4.Try to minimise users’ effort involved in recording by ISE
exploiting easily available types of information, such as
documents, sms, calls, phone contact book, chat windows, PC
log files, typing patterns, application usage, emails, calendar
events, etc. in order to provide information on social, mental,
and emotional contexts.
F5. Information does not need to be highly abstracted (e.g., ISE
sad, angry) in order to be useful in supporting end users in
remembering as well as self-reflecting; a lower-level of
processing could be enough (e.g., high heart rate, etc.)
F6. Need to allow for evolving the system through adding ISE
new information sources and types, new ways of processing
information and new visualisations.
F7. The system has to allow for user interactions at various OQ, ISE
stages: (1) pre-recording; (2) annotating during recording; (3)
annotating after recording; (4) customising what information
is shown through visualisations; (5) customising how
information is shown.

Impact on
PD, IM, SC,
UE
PD, IM, SC,
UE
IM, SC, UI,
UE
PD, IM, UE

IM, SC

PD, IM, UE,
UI
PD, UE, UI,
SC
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F8. The system has to allow for free-text annotations, both
during the recording and after.
F9. The system has to allow users to add their own content
into the system: e.g., text notes, audio notes, photos, etc.
F10. The best solution is to have a mixture of user annotations
(online and offline) and system-based determinations of
meaningful information and situations.
F11. It is important that users relate to their system as their
own: they need to have the option of customising certain
essential aspects.
F12.User-contributed content can be used to improve the
information processing and models through machine
learning.
F13.Users’ interactions with the system change once they
understand the purpose of their contributions as well as the
usefulness of the provided information.
F14.Users like having a multi-media story-based information
abstraction.
F15. The stories need to be able to change according to
interests (e.g., focus on certain aspects) and purpose (e.g.,
for sharing with various parties).
F16. The stories need to be created through a mixture of usercontributed content and automatically gathered and inferred
content and meaningfulness.
F17. The stories need to allow for customisation but should
not require too much effort from end users.
F18. The stories should not be too long.
F19. The system has to allow for user-based customisation of
stories before sharing: e.g., select specific content, story
events or media objects.
F20. Involving the users into the system at various stages
increases self-awareness and self-reflection.
F21. The purpose for using the system changes with user’s
needs; the system should accommodate for changes in
interests, health conditions, etc.

ISE

IM, UI, SC

OQ, ISE

PD, UI, IM,
SC, UE
PD, IM, SC,
UE, UI

ISE

OQ, ISE

UI, UE

ISE

IM, UI

ISE

UE

OQ, ISE

UE, UI

OQ, ISE

IM, SC, UI

ISE

PD, IM, SC,
UE

ISE

SC, UI, PD,
UE
SC, UE
SC, UI

ISE
OQ, ISE

ISE
ISE

PD, IM, SC,
UE
PD, IM, SC,
UE

Table 18 Main findings derived from studies

The table above shows that the studies were not only meant to provide insight
into user experience aspects but to impact the design of the whole system, as
described in the next chapter.
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Impact of findings on main outcomes
During the previous chapters I presented the work performed in order to address the
main research vision of building an interactive lifestyle management experience platform
capable to provide a more comprehensive view into various aspects of end user’s lives.
The main research questions driving the work were focused on how to build such an
experience platform, with strong emphasis on the main aspects of the information flow:
gathering, processing, visualising and usage. At the core of this work is a story-inspired
information processing and visualisation paradigm that was created, explored and
advanced throughout this PhD. This work led to the creation of a novel type of lifestyle
management platform able to provide more insight into various life aspects and support
end users in remembering and reflecting through various types of interactions. Figure 51
summarises the relationships between the various aspects of this research work, and
how they all informed, supported, justified, shaped, and constrained each other.

Figure 51 PhD work relationships and main outcome areas

The insights gathered through the work described in Chapter 5 were essential in creating
a better understanding of how such systems should be designed and implemented. As
the studies showed, the value of recorded information depends on the context it was
recorded in (i.e., it differs from situation to situation) as well as on the current user needs
and interests (i.e., people with a certain predominant condition might want to see how
the recorded information relates to a primary observed parameter, such as heart rate).
For that, the system has to provide enough flexibility in various aspects: in information
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gathering, in processing, in presentation, in visualisation and in interacting with the end
user. This finding was essential and it has an impact on all aspects of the system design
and implementation.
This chapter brings together the main findings derived through the work performed
during the PhD and provides details on how such findings impact various aspects of the
experience platform, as already depicted in Table 18. While some feedback gathered
during the studies was already integrated into the system design (as described in Chapter
3) and the proof-of-concept (described in Chapter 4), I discuss here what further changes
should be made to the system design in order to address the main findings. This section
is followed by a discussion on how the main findings impact the user experience aspects
involved in such systems. The findings listed in Table 18 (F1-F21) are used throughout the
following sections to ground the proposed the design suggestions.

Impact on platform design
Suggestions for evolving the information gathering
1. In order to accommodate various interests as well as concerns, the platform has to
allow end users to customise what information is recorded and how (e.g., sampling
rate, input source, granularity level) while limiting the effort required by such
processes (following from F4, F7, F9) . For that, the system can provide recording
templates, where the user selects a certain recording mode that fits best. For
example, such templates can be based on certain focus (e.g., movement vs. emotion
vs. social) or on certain battery profile (e.g., battery saving vs. high accuracy).
2. The system should use information about the current situation (e.g., user is at home
or at work) in order to adapt the recording process (follow from F2). For example: (1)
certain information can stop being recorded in certain situations (e.g., once at work,
GPS is not needed anymore); (2) certain information is recorded differently based on
situations (e.g., once at work, WiFi is only recorded once every 30 minutes); (3)
certain information starts being recorded only in specific situations (e.g., if in a
meeting, start taking snapshots in order to capture meeting agenda).
3. The system has to allow end users to add various types of media into the platform:
own photos, videos, audio tracks, as well as annotations (text or audio) (from 8, F9).
4. In terms of the other components of the recording platform, it was clear that further
work should be done in exploiting the information available through the PC usage.
For people using computers on a daily bases, there is a wealth of information that can
be derived just from monitoring the typing, application usage or web browsing (from
F4). For example, there is a huge potential to identify stress-related situations
through analysing PC usage data, making it less obtrusive and cheaper than using
certain sensors. However, in order to advance this side of the platform, the
commercial monitoring platform should be re-implemented and various abstraction
algorithms should be added. Privacy measures should also be included, such as not
recording passwords typed.
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Suggestions for evolving the information modelling, processing and
presentation
1. The modelling and the information processing algorithms have to be able to
incorporate user-contributed knowledge (from F6-F12). For that, the models
described in Section 3.5.1 (Database Model, Information Model and the Story Model)
have to be able to extend in order to incorporate various media added by users, such
as photos, videos, new vocabulary terms (e.g., when defining emotions) and
annotations76. Similarly, the processing algorithms have to be able to take into
account user-contributed media within correlations, inferences and machine learning
(as in F12).
2. The story creation process has to be able to dynamically change along certain
parameters, such as focus, duration, point-of-view (see Story Model parameters in
Section 3.5.1) (from F15, F16, F19). For example, if the end user selects a focus on
social, then the story would be re-created to show the social interactions that took
place (e.g., phone calls, messaging, emails, meetings, chats, etc.).
3. The story creation process has to be able to take into account the recording situation
in order to adapt the information that is shown (F15): e.g., if a story event is created
to represent a meeting situation, the data shown within that event should be relevant
to the situation. Such information could show room-level indoor location, meeting
participants, noise levels, if presentations were made, and so on.
4. An interesting issue when correlating information within a story event is that some
information might not be found not necessarily because it was not recorded but
because there was no significant change of its value during that event. For such cases,
there needs to be a certain look back (or ahead) to determine a recent recorded value
of that type of information that could still be relevant.
5. Correlations within a certain type of information are sometimes more important than
the ones between various types of data. Some examples include: frequency of typing
(number of keystrokes/min), frequency of using Backspace, the number of Bluetooth
devices around vs. the time they were around (e.g., useful to figure out when people
came and left during a meeting or if they were just passing by).
6. The studies showed that information recorded is interpreted not only within the
recording context but also based on previous experiences. As previous experiences
might be not available for reasoning, finding the right balance between too little and
too much detail is required as well as involving the user into the process of making sense
(F15, F16, F19).
Next section provides more details into how such design suggestions can be
incorporated into the story creation process of the MyRoR system.
Evolving the story creation process
The user evaluations highlighted the need for the stories to include dynamic features that
allow for customisation either in terms of what information is shown or how it is shown.

76

The current system is able to store user annotations created during recording (through AIRS and the Alive monitor) and
blog-based annotations and media through the desktop system.
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This section discusses proposed changes to the story creation process aiming to
accommodate such findings.
Figure 52 presents an advanced Story Creation Engine, incorporating findings such as
using both user-based annotations and system-based reasoning for determining what
events are meaningful enough to be added to a story, as well as introducing prioritisation
components for story events as well as for information to be shown within an event
(addressing F2, F3, F10, F15, F16, F19). Such components include reasoning elements that
decide between “primary” and “secondary” types of events or information. The systembased input component also includes the aspect of learning based on user annotations
(F12). For example, one possibility would be to use Case-based Reasoning (Schank, 1982a,
1982b) and when a user creates an annotation, a snapshot of the whole context can be
taken and saved as a case. Such collection of cases can later be used to find similarities
and determine if any previous label derived from the user annotation applies to the
current context (case).

Figure 52 Advancing the story creation engine

Interesting aspects are involved in prioritising either the events to be shown within a
story or the information to be shown within an event. The need to prioritise information
shown within an event comes from F2 and F21, which require a dynamic change of what
information is shown within a story, according to user’s interest. As it was discussed
within the results analysis in Chapter 5, the importance of information changes with the
situation it was recorded in, therefore the role of the IPC (from Figure 52) is to prioritise
the information shown within an event based on how the event was created. The need
to prioritise events comes from F18, where the length of a user story has to be limited.
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Also, in F15, there is a need to allow for selecting a certain story focus and changing it
based on user’s interests and purpose77.
Another type of change discussed with users is that of adapting stories for being shared
with various audiences (F15). For that, when users want to share their story, they have to
be able to hide certain information as well cut out parts of their stories that they find
unsuitable for certain type of audiences. For example, the story will be differently
customised if it is to be shared with friends, family or healthcare professionals. Other
future scenarios for customising stories could include:
1) Allowing another party to create stories for you (e.g., allowing a GP to select
information that they consider relevant to a patient’s heart condition, as in
Scenario 1.4.2);
2) Adding persuasive features into a story when they are used for achieving certain
goals. For example, if the goal is to make you move more, a story can clearly show
how much you moved during the day instead of just showing that you moved.
Even more, if desirable, suggestions as well as encouraging messages can be
added to stories (relevant to the scenarios in 1.4) .
3) Creating specific stories to be shared within a community context, such as
focusing on environmental conditions (e.g., noise levels, temperature,
atmospheric pressure changes, etc.). Such stories can then become parts of
bigger stories created based on contributions from various community members.
4) Collaborative story creation: create a distributed MyRoR platform where
information is recorded from multiple people and processed within a larger story.
Such stories could be used to exemplify certain communal aspects (e.g., issues
related to a local community, a certain age group or a certain patient group).
Suggestions for evolving the information visualisations and user interactions
1. The system has to allow end users to create various correlations dynamically, such as
through allowing the user to select two or more types of information to be correlated
through detailed graph-based visualisations (F6)78.
2. The system has to provide easy-to-use UI means to: configure recording settings, add
annotations, add own media, change between abstract and detailed information
visualisations and configure and customise stories (F7, F8, F9, F11, F17, F19).
3. Users need to be able to better control their stories, in terms of pausing, stopping,
restarting, event changing, and so on. The current method I use for creating the final
story object (i.e., through merging all the event media into an animated gif) has
certain technological limitations I am fully aware of and intend to address within
future versions79. Also, if played on automatic, the time taken between successive
events should adapt to the amount of information depicted through the current
event media (i.e., when more information is available increase time).

77 As discussed in Section 3.5.1, the story focus allows for emphasizing and observing certain aspects, such as emotional,
social, physical, and so on.
78 Feature added to MyRoR in April 2013.
79
Feature added in MyRoR in May 2013.
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4. Being able to add audio annotations into the system would be powerful, as users
could record more detailed explanations of what happened during the recording
while looking at their data.
5. The interviews showed that both detailed and interpreted visualisations are useful, as
seeing the detailed data prompted users to suggest what abstractions they would
like to have available through the system. One suggested improvement regarding the
graph-based visualisations was to have them all on the same page. However, such
approach creates cluttered visualisations when many types of information are
recorded, so further investigation is needed in order to identify the best way to do
it80.
6. The MyRoR stories allow for a multi-layered representation of information, provided
through the various panels (icon, text and background). Such representation allows
for emphasising certain information therefore assigning various levels of importance
to information (F3). More details are given in Section 6.1.5.
7. The story interface could be used as an entry point into the user data, allowing for
access to more detailed information (as detailed in Section 6.1.5).
8. Background selection has proved to be an important aspect of story creation, given
the immediate impact it has during the visualisation process. While the current
version allows for user pre-defined locations to be used as backgrounds, further
improvements have been discussed in automating this process. For example, one
suggestion was to search for photos taken within the location where the user was
during a certain event and use them as background. However, this is not so easy, as
photos taken within a certain location might not always depict relevant information.
Therefore, more sophisticated algorithms have to be implemented for automatically
selecting appropriate backgrounds.
9. While interactions are required for the purpose of controlling recording, the story
creation or personalising interfaces, we need to also find ways of limiting the amount
of time end users need to spend performing such operations. For that, we need to
provide templates, such as for: (1) customising what is recorded as well as sampling
rates; (2) customising what information is shown through stories; (3) customising
how information is shown through stories (e.g., icon packs, background, etc.).
Evolving the story-based interface
One important finding derived from all user-based studies was the positive response to
having information abstracted as multi-media stories (F14). Such response gave me the
confidence to continue with such work as well as provided many ideas on extending the
story creation process. The multi-media story-inspired concept was seen by the
participants as a very powerful way to encapsulate a vast and varied amount of
information and to provide an engaging and personal way of allowing access to own
recordings. The story-based concept allows for multiple ways of abstracting,
personalising, organizing, prioritising and sharing information. The multiple panels
involved in creating a story event allow for emphasising certain aspects therefore
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In the latest version of MyRoR (i.e., as of October 2013), the end user can select what types of information should be
shown on the same page.
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assigning various levels of importance to information. The paradigm provides an abstract
entry point into a huge collection of recorded data. Using a model-based process allows
for experimenting with various ways of creating a story (e.g., over a day, over a time
period, along a certain topic, over a situation, etc.).
An important aspect of the user studies was to understand how to evolve the story-based
visualisation. Figure 53 presents a concept of how such interface could evolve in order to
allow for more user control. The concept includes various essential aspects:
1) Providing buttons that allow the user to control the story through Play/Pause,
Previous/Next Event, and Home (start from beginning)81;
2) Providing means to customise the story through: changing focus, selecting what
information should be shown, changing certain graphical elements of the story
(e.g., background, icons, colours, avatars);
3) Allowing users to annotate an event with their own descriptions through text,
audio or video.
4) Allowing users to share an event or a story. Within such scenario, it could be that
the end user decides to first customise the event/story before sharing (which
would require another customisation screen).
5) Allowing users to explore the information provided in more detail: clicking the
magnifying glass on certain icons (e.g., heart rate, movement, noise, and
location) opens a timeline view into that information.
6) Providing a prioritised view of the information: user annotations are presented in
a separate window given that they were seen as a more important type of
information (F3)82.

Figure 53 Advancing the story UI

81
82

Realised in the current version of MyRoR (October 2013).
Realised in the current version of MyRoR (October 2013).
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Through such extensions, the story-based interface could become the main interface to
the user information, allowing for both abstract and detailed views of information as well
as various types of customisations. Such extensions to the existing system are part of the
envisioned future work and further explorations need to be performed in order to
capture all the details in terms of designing as well as experiencing such features.
Evolving the MyRoR platform
The best way to address the various aspects related to changing preferences is through
a platform-based paradigm, where configurability and adaptability play a central role
when designing and building such systems. An essential aspect is embedding evolution
within the design in order to allow for adaptation within the information gathering,
processing, presentation, and visualisation aspects (F6).
Figure 54 shows how such
evolution can be insured. For
each input source that is added
to the recording platform, a new
object is created. Each input
source 4 can provide a set of
information types {5 , 6 , 7 ,…,
 } with  8 1. For example, in
MyRoR, the AIRS platform is
seen as a single input source that
can provide a large variety of
information types.
Similarly,
new
information
processing algorithms can be
added to the platform in order
to enable new abstractions and
extend the set of functionalities.
Each such algorithm operates
based on input provided by one
or more information types. If an
algorithm combines input from
Figure 54 Evolving the platform
more information types, then it
is called an aggregation or correlation. It is not important what kind of technique is used
within the implementation of an algorithm, as long as the results it provides are
understood by the next level. For example, within the MyRoR system, there is an
algorithm used for computing heart rate based on ECG values and there are also various
rule-based implementations of algorithms that compute context values within the story
creation framework and produce semantic labels representing the context values.
Certain algorithms can use values produced by other algorithms, as is the case in the
mentioned example, where heart rate is further used as an input for the emotional
context processing.
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Further, the output produced by such algorithms is used to create presentation models,
such as stories. Each presentation model contains a certain structure and has certain
demands on the format of the input data. Not all input comes from processing algorithms
as certain information types might not actually require any processing if provided at a
high level (e.g., user annotations). The story-based presentation model can adapt to
various interests and application scenarios by using output from the algorithms that
produce the relevant information. Given the dynamic nature of information availability, it
is important to insure that the system can work even in the absence of certain input
sources or information types.
Each presentation model can be visualised through one or more visualisations. The types
of visualisations provided by the platform can depend on various factors: human
(preferences, needs, interest, application area, purpose), technological (access device
restrictions), cultural (adapting to particular cultural differences), or even businessoriented (e.g., sponsored visualisations).
An important part of adapting and evolving the MyRoR system (F6) is integrating usercontributed information, such as annotations made during or after recording,
customisations, data processing, correlations, etc. Figure 55 summarises the various
types of user interactions that such systems should allow for: from configuring what and
how recording should be done to customising the visual interactions with the system.

Figure 55 The role of user interactions

An important aspect emphasised in the figure is the central role played by users into
continually evolving and personalising the MyRoR system.
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Impact on user experience
The user-based studies had two major goals: one was to derive new design
considerations in order to evolve the system, especially in terms of creating novel ways
of visualising and correlating information; the other one was to capture how users
experience such systems, in terms of expectations, interactions, and usages. While
Chapter 5 presented a detailed analysis of such issues, I discuss here how the findings can
drive future studies into understanding the usage and usefulness of such systems.
As argued in Section 5.1.2, the usability of the recording system was not the main scope
of the studies. However, the relative freedom in deciding when and what to record
provided useful insight into realistic usages of such systems. I focus here on issues around
the recording setup as well as around interacting with such systems.
Recording setup
The overall findings showed that it is unrealistic to assume that people would wear or
even remember to switch on the devices all the time (e.g., Garmin requires an explicit
Start/Stop action, the Alive monitor requires attaching 2 electrodes as well as switching
on). The devices collecting physiological data have to be easy to attach, setup and
comfortable to wear. Products requiring a heart monitor belt are not comfortable
enough to allow for extensive data collection (especially for women). The systems
requiring electrodes are quite expensive, given that the electrodes need to be replaced
(almost) every day. In the case of the Alive monitor, which is usually kept in a pocket,
there is a certain constraint placed on the user’s wardrobe (e.g., more difficult to wear
with skirts). Also, the wires from the electrodes provide a challenge in certain situations,
such as changing clothes. The electrodes do not seem to be able to deal with a lot of
sweat, which creates recording issues when the user is involved in any physically intense
activity (e.g., gym, house work) or in hot weather. On the other hand, the heart rate belt
has problems to provide readings when there is not enough body sweat, making it
problematic in cold weather and requiring the user to tighten the belt to an
uncomfortable level. As with any accelerometer-based recording systems, the placement
of the sensor on the body influences how accurate the recording reflects the actual
movement: e.g., when worn in the trousers’ pocket it records more accurately lowerbody movements and if worn in a shirt pocket it records more accurately upper-body
movements.
Such findings have to be taken into account and dealt with through system design and
interactions. On one hand, we need to assume that the information will be incomplete or
incorrect and allow the processing algorithms and the presentation models to deal with
such cases. On the other hand, we need to find ways of making people aware what is the
value of having certain additional information, such as own annotations, and create
incentives for them to make an extra effort in recording it.
Means for user interactions
In the case of annotations, some participants mentioned that seeing how such
information was later used within the story creation and understanding how it could help
them when examining their recordings created more incentive for them to record and
annotate.
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As already discussed in Section 5.4.3, the process of annotating important moments
during the day proved to be one of the most interesting aspects of the studies as such
process not only provided insight into what constitutes meaningful information but was
also essential in aiding self-reflection as well as allowing people to contribute to their
systems. While all participants considered as useful having certain means to annotate,
some people discussed how the available means had sometimes a negative impact on
how much they annotated. As mentioned in Section 5.4.3.2, while the size, format and
weight of the Alive monitor were considered appropriate, the physical placement of the
Alive event button, close to the Off button, as well as the lack of feedback when pressing
the button were considered by some users as a barrier in providing more annotations. In
some cases participants said that they pressed the Alive button a few times just to make
sure the event was registered. As some users suggested, in an ideal system, the means
used for annotations have to provide an immediate feedback mechanism that can tell
users that the annotation has been registered (e.g., through vibrations, light, sound,
etc.). Also, pressing a button does not have to be the only way to annotate: as one
participant proposed, annotating could also be done through squeezing something. The
only improvements suggested for the phone widgets were related to allowing end users
to define their own mood descriptions. These two modes of annotating provided an
interesting insight on how such means can create self-reflection. Based on the interaction
behaviour, I would call the two modes reactive and reflective, because the first mode
involved pressing a button in response to something identified as important while the
second one involved thinking about an appropriate description of what was important.
However, participants mentioned that they reflected on both situations: during the first
one they had to think if something was important enough to be annotated; in the second
mode they had to think what was the most important description of a certain situation,
and how such description could capture a whole range of aspects involved, especially
aspects harder to capture through the recorded information. Based on such findings, we
can conclude that allowing people to add their own interpretation of events is very
important especially as such self-monitoring systems would never be as good as humans
at recognising and recording meaningful information.
Another important and promising aspect of the studies was the realisation that providing
end users with an interface that they felt it became “theirs” - through including
annotations and adapting certain graphical elements based on their own data (e.g.,
background selection) - can create incentives for using the system83.
Long-time monitoring
In terms of the purpose of such system, all participants said that they should be given the
flexibility to decide what to use it for, meaning that they should be able to decide what
should be recorded and when. No matter how they used the system during the study,
they were all convinced that in time their interests and recording behaviour would
change. As U4 said, “every user would find an own way to look at the system so the
system should allow the user to find its role and meaning depending on what fits him/her
best”.
83

Of course, further studies would be needed to see if that is indeed true.
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In order to be useful over longer term, such systems need to be able to adjust to various
user needs that might appear or disappear. Without a proper design that allows for
flexible and adaptive usage, we cannot even talk about long-time usage and effects on
users. As it is easy to prove that increased self-awareness is the prerequisite of selfchange (Fogg, 2003)(Picard et al., 2004)(Shneiderman, 2002), and that such systems do
help people become more aware of what happens in their lives (Ståhl et al., 2009)(Mcduff
et al., 2012), trying to better understand how to design for longer-term usage is an
essential step towards creating support for lifestyle management.
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Conclusions and future plans
Main outcomes
This PhD work started out to explore three main research questions: (Q1) How can we
create better tools for supporting users in lifestyle management scenarios?; (Q2) What
are appropriate means for users to determine and annotate what is important to them
and how can we integrate users’ input into automatic processes?; (Q3) How should
relevant and important lifestyle information be presented to the end users in order to
support self-understanding, encourage engagement and creativity?
These questions were addressed through an exploratory research framework that
included theoretical and empirical components and led to the creation of: (1) a design
framework and realisation of a novel story-inspired paradigm for modelling, organizing
and presenting information within a lifestyle management system; (2) a design
framework and realisation of a multi-parametric experience platform for lifestyle
management scenarios that can capture varied information, store it, model it, process it,
correlate it and present it to an end user at various levels of abstraction; (3) valuable userlevel insights into experiencing such systems in order to create self-understanding.
The main learnings derived through this work were that: (1) when recording so many and
varied types of information it is desired to have an abstract interface that can correlate
interpreted information as well as provide a personalised representation of user
information; (2) the value of recorded information depends on the context it was recorded
in (i.e., it differs from situation to situation) as well as on the users’ needs and interests
(i.e., people with a certain predominant condition might want to see how the recorded
information relates to a primary observed parameter, such as heart rate); (3) as the needs
change with time and situation, a lifestyle management platform designed for long-time
usage (including the story-inspired framework) needs to adapt and evolve; (4) the
platform needs to allow for various levels of information abstraction and various means
of interrogating available information (i.e., queries, abstract visualisations, detailed
visualisations, correlated visualisations); (5) as it is not possible to envision all possible
usage scenarios, it is essential to provide means for adding/removing information,
processing algorithms and new visualisations; (6) allowing end users to insert own
information creates self-reflection and increases the sense of ownership; (7)
incorporating user-provided information into the visualisations and processing
algorithms creates added incentive for contributing such information; (8) personalisation
is desired but mainly through templates.
These results contribute to the area of lifestyle management by providing more insight
into how to address various challenges related to collecting, processing and visualising
varied user information as well as how such systems could be used for supporting longerterm usage of lifestyle monitoring solutions. Due to the system-wide nature required by
this work, the contributions span both technological and user experience areas.
In order to produce these results, three main types of work were performed: design,
proof-of-concept implementation and user-based studies. The design work focused on
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creating the architecture for an experience platform as well as on creating models for
processing the information collected within a story-based format. The implementation
provided a deployable and extendable proof-of-concept that allowed for recording a vast
and varied amount of information, various information processing algorithms and a
mixed collection of information visualisation means, ranging from detailed timeline
representations to multi-media story-based abstracted representations of correlated
information. The user-based studies were performed in order to explore various issues
around importance, processing, presentation and usage of information within lifestyle
management systems. The results from the studies provided input into the design of the
system as well as regarding the user experience with such systems. Through the in-situ
evaluations, the proof-of-concept was continuously evolved by improving interactions,
abstractions and visualisations.
As the tangible outcome of the work performed during this PhD, the MyRoR lifestyle
management experience platform was created with the scope of: (1) providing a holistic
view of users’ life by collecting information about multiple aspects, such as physical and
emotional state, social interactions, interests, professional activities, availability, or
movement; (2) providing means to involve end users throughout all processes, from
information gathering to processing, usage and sharing, in order to allow for better
control, support self-awareness and self-understanding, create a sense of ownership,
incentivise usage, and enhance creativity; (3) allowing users to control and share their
information with various parties within their social and support networks, either for fun
or for medical purpose; (4) evolving during users’ lives, being able to deal with everchanging needs and situations.
Another important outcome of this work is the AIRS mobile-based sensing platform, as
its porting to Android as well as the continuous advancements in terms of adding means
for annotating and new information types were fuelled by the work in MyRoR as well as
by the feedback received during the studies. The AIRS platform, available in Google Play
store since April 2011, has so far been downloaded more than 10000 times. It has a very
high potential in being an important support tool for collecting timely user information
through its annotating widgets as well as through its automatic recording capabilities.
The studies also showed that we, as system designers, cannot create a ‘one fits all’
lifestyle management system. We can just give people a simple yet powerful enough
system that allows them to decide what they want to see, when, and how.
This work started with the broader goal of advancing the understanding into how to
create technological solutions for supporting humans in lifestyle management scenarios.
In this thesis, I have argued that there is a strong societal as well as individual reason and
move towards using technology for creating more self-awareness and that, in order to
achieve that, we still need to study, amongst others, more user-friendly ways to abstract,
organise and present information to end users. This problem space has significant
implications for the computer science area, and it spans multiple research aspects, such
as information gathering, processing, presentation, and sharing. However, unlike many
efforts within the “BigData” challenge (McKinsey Global Institute, 2011)(GRDI2020
Consortium, 2012) that primarily focus on gathering and processing large amount of
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information, building systems that can provide support for end users also needs to
address how to incorporate these users into the cycle of creating and consuming
information.
There is currently a need for taking a longer-term approach to health management that
takes into account the dynamic character of users’ lives, continuously moving between
work and private. Such need is ever more important as the retirement age has increased
and we will need to work for longer while dealing with multiple types of health conditions
and situations during such time. I believe that such platform work provides a unique
proposition for further examining the relations between various aspects of our daily
activities, especially within the context of a holistic view of health (i.e., covering multiple
aspects, such as physical, mental, social, financial, etc.).
Essential to this approach is that lifestyle covers multiple aspects of users’ lives; therefore
we need to be able to collect varied information that, once interpreted, can cover as
many such aspects as possible. However, working with varied data poses challenges to:
(1) gathering (e.g., due to different formats, transfer technologies, synchronization
issues, etc.); (2) processing (i.e., working across the many dimensions of data rather than
focusing on a single dimension); (3) how information is organised for being presented (as
correlations need further processing to deal with differences in abstraction levels); (4)
how information is visualised (with respect to providing enough abstraction as well as
detail, personalisation, engaging interfaces, selecting relevant information, etc.).
The story-inspired framework that is at the core of this work shows a lot of promise as a
paradigm to gather, correlate, visualise, access and share multi-varied lifestyle
information. The model and process developed here have very unique features, going
beyond existing means for visualising lifestyle information. The results achieved through
this work provide exciting and promising contributions to the areas of information
representation, visualisation and sharing and further prototypes and studies can be
created by incorporating the findings of the work described in this thesis.

Future work
The MyRoR system has been deployed and tested with all the participants to the handson studies. First and foremost, the studies showed the need for a platform-based system
capable to adapt and evolve in order to accommodate the user demands. While the
current system closely follows such design, certain changes are required to create an
extended platform that can be easily installed and used by a larger number of people.
Most importantly, the platform needs to be further designed, implemented and tested in
order to be able to ultimately provide the evolving nature described in Chapter 6, where
new information types and processing algorithms can be easily added in order to allow
for continuous extensions. The system has considerably evolved during the duration of
the work and it forms the basis for future work I currently plan to pursue through various
exploitation routes (either academic or commercial)84.

84

Based on the work performed during this PhD and, especially, based on the MyRoR digital stories, an Android-based
mobile app, called Storica (TecVis LP, 2013c), was created to further exploit and incorporate the various findings. The
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The user studies performed during this PhD work highlighted various interesting issues
that can be further pursued, focusing on, for example, (1) capturing reasoning behind
mapping emotional states to colours, especially for transitional states; (2) comparing
various annotation means and how they support self-reflections as well as user needs; (3)
observing how people sharing information and stories within various scenarios (i.e.,
depending on the parties involved, purpose, etc.); (4) focusing on collaborative story
creation scenarios.
The lifestyle management area and its requirements towards control and privacy created
the main background and influence for my work. It is this area that also drives my future
plans. Ongoing research work focuses on the following main aspects: (1) evolving the
platform work so that various types of health aspects can be monitored and understood;
(2) advancing the story creation process towards incorporating and abstracting more
information, allowing for more end user customisation in terms of what and how
information is shown as well as for sharing with various parties; (3) extending the storybased concepts towards mobile and tablet devices; (4) applying the platform within a
specific area, such as long-term stress management.

software is the product of TecVis LP, the company I co-founded after the PhD, and it creates digital stories based on data
recorded by AIRS. Many ideas presented in Chapter 6, such as play/pause, access to detailed visualisations through the
icons, template-based recording, changing focus within stories, or prioritising information, were added and tested in
Storica. Storica has so far been downloaded 1000 times. Various exploitation routes are envisioned for AIRS, Storica and
MyRoR (i.e., the desktop interface), including research studies, healthcare solutions, personal wellbeing and developers
API.
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ANNEX A

UML sequence diagram for story creation process
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ANNEX B

The Online Questionnaire
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ANNEX C

PHP scripts for online questionnaire analysis
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ANNEX D

Implementation Files

The code for the software created during the PhD is available on the attached CD-ROM.
The source files were not included here due to size.

ANNEX E

The ATS file format
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ANNEX F

The Garmin TCX file format

An example of a TCX file’s structure, as saved through the GarminTrainingCenter can be
found at http://developer.garmin.com/schemas/tcx/v2/samples/FitnessHistoryDetail.tcx.
The file was not included here due to size.

ANNEX G

The ActualSpy file format
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ANNEX H

Desktop activity monitoring platforms

The platforms tested as part of selecting a desktop activity monitoring option. The
comments are as when the platforms were tested.
Platform

Important features

Comments

Price

Spector
Pro

*Records web activity, keystrokes
*Can record chat (including
Skype), myspace and facebook, all
the rest
*Can monitor multiple machines

Not sure how the log $100
files look and if they
can be sent or stored in
a usable format

PC Acme *Keystrokes,
screenshots, Not sure what type of $89.95
Standard
mouseclicks, web activity, emails, data logging it has and
IM and chats, applications
if it can be accessed.
*Can save log files into a database
*No remote monitoring
*No log file transmission
PC Acme *No screenshots
Lite
*Log files stored into internal
database

$29.95

e-Surveiller *Send reports via email, ftp
*Monitoring multiple machines
*Live, real-time monitoring
*Records in/out chats, keystrokes,
programs
launched,
files
created/used

I like the option of $34.95
sending logs by ftp
instead of email.
Does not seem to have
screenshots.
Not sure if it works
with Vista.
Tried to install free trial
but could not find it.

SSPro

Does pretty much $49.95
everything and also has
the multiple machine
option (for distributed
scenarios).
Compatible with vista.
The log file sent by
email could only be
seen when imported
into the program's
viewer.

*Sends reports via email
*Has multiple machine option
*Can monitor certain words and
take a snapshot when they occur
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Activity
Monitor

*real-time tracking, live view of
multiple
computers,
control
remote machines (start/terminate
processes, etc.)

Very
advanced $179.95
company monitoring
software. Too many
functionalities,
probably.

Softactivity *Emails,
chats,
keystrokes,
Keylogger snapshots, correlates data (time
spent on websites, etc.), password
protected log files
*Reports sent by email

Installed free trial. Did $50
not do much. No
option to create a log
file so I can access the
data.

SpyBuddy

It looks a bit suspicious. $79.99
I can find it in 2 places,
in one works on vista in
the other one does not.
Also, it does not seem
to have a trial version
anymore!

*log file + screenshots can be sent
by email as a specified format
(HTML/Excel/Text/CSV/XML)
*Emails and chats are not sent by
email.

Cyber Spy

Did not work with $69.95
Vista.
Only 30 minute trial.

Spytech
SpyAgent

Tried to install this one $69.95
but it was removed by
Sophos.

ActualSpy

*reports can be sent as txt or html
by email or ftp
*reports can be saved periodically
on localhost

It does pretty much all I $59.95
want though it does
not take screenshots
based on keywords.

