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Abstract

It has been established that long term stress can lead to chronic illness of cardiac disease
and vascular disorder. In the way people live their lives today they are surrounded by
stress and they contribute to the stressful society when they constantly chase the time. The
Mobile Life Centre explores how the system Affective Health can get people to reflect up
on their stress levels and connect that to their everyday activities by using bio sensors and
a mobile phone. The bio sensor data visualization in the interface of the system is today
tied to time. Since time is perceived differently from person to person that is something
that has caused problems for the design team of Affective Health. This thesis examines
how different representations of time in user interfaces can be used to mediate the design
qualities of subjective time, aliveness and fluency in the Affective Health system. As a result
from investigating the time aspect and how time can be visualized in a subjective way a
suggestion for a design solution was developed.
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Chapter 1

Introduction

This master thesis was conducted in a research project called Affective Health at the Mobile
Life Centre at Stockholm‘s University in Kista, Sweden. The Mobile Life Centre, performs
research in mobile services and ubiquitous computing that are user-oriented and spanning
all areas from entertainment and socialization to work and society. The centre has ongoing
collaborations with research organizations SICS (Swedish Institute of Computer Science)
and Interactive Institute and have major partners from the IT and telecom business, in-
cluding Ericsson Research, TeliaSonera, Sony Ericsson, Nokia, Microsoft Research Ltd. The
public sector is also represented by collaborations with Stockholm Municipality and Kista
Science Centre. The Centre and their partnerships work to improve the sustainable growth
for Sweden and the Centre is focusing on user-oriented perspectives on services for the future
mobile life [1].

The Affective Health project explores how a system can get people to reflect up on their
stress levels and connect that to their everyday activities by using bio sensors and a mobile
phone. The gathered data from the bio sensors are being visualized and displayed on the
interface of a mobile phone. There is no diagnosis in the system, the interpretation is left
for the user to do when reflecting and finding patterns in the visualized data [22].

The task assigned by Mobile Life was to ‘Investigate different representations of time in
user interfaces and from the results evaluate and develop a design solution suited to mediate
the design qualities of the Affective Health system‘. The idea of how to tackle the problem
was by starting with a literature study of the published articles by the Mobile Life Centre,
regarding the Affective Health system and its development [4, 7, 11, 12, 14, 15, 16, 17, 18,
19, 20, 21, 22]. Reading the articles would result in an understanding of the project and the
aim of the system. To solve the assigned task the design process of Affective Health had to
be established. More information was then needed on different models of design processes
and on what tools that are used to describe a design process. That work was done through a
theoretical literature study on design processes, which was to be used when establishing the
design process of Affective Health. When investigating different design processes the idea
was also to find some tool that might support the work of mediating the design qualities of
Affective Health. To investigate the issue of time in the Affective Health system a practical
study had to be done where old user test material was needed to be studied, as well as a new
user study with time focus should be carried out. The gathered material and the knowledge
should result in sketches for a new suggestion of an interface concept for Affective Health

1



2 Chapter 1. Introduction

and finally result in an implemented prototype concept in Adobe Flash. The workflow is
illustrated in Figure 1.1.

Figure 1.1: The workflow overview from the assigned task to the result of developing a
new interface concept for the Affective Health system. The arrows visualizes the relation
between the work sections.

The main purpose with this thesis is to solve the assigned task of investigating different
representations of time in user interfaces and from the results evaluate and develop a design
solution suited to mediate the design qualities of the Affective Health system and implement
a prototype in Adobe Flash. That task required a deeper dig into the world of design
processes and how they could be used to describe the process of design of a research project.
Affective Health is a research project without client orders or requirements to fit a certain
specification. The design team are trying to work out a solution where they are learning
along the process and change the way of the development throughout the process depending
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on their knowledge and eager to create something new and unexplored. When investigating
the design processes another aim was to investigate wether there exist any tool which could
support the work of trying to mediate and describe the qualities of a system or product
through design. Besides the assigned task, these other two aspects are formulated into two
questions to be answered:

1. How can one capture and describe the design process of a research project in a good
way?

2. Is there a tool within some of the discussed design process that could support the work
of expressing qualities through design?

This report will take the reader through the work practiced in this study. It includes a
background section of the Affective Health system and its design challenge. What follows is
a theoretical literature study of different design processes and a practical part where a new
interface concept for Affective Health is developed. The Background, chapter 2, includes
information on what the Affective Health system is, why it is created and what problem
it aims to solve and what it consists of. The Background also includes a brief literature
study on the perception of time and time subjectivity. Chapter 3 presents the in-depth
literature study of different design processes and how the design processes can be applied
on to a research project such as Affective Health. Next section, chapter 4, presents the
application of the different design processes on Affective Health‘s design process. In this
chapter Affective Health‘s design process is revealed and the discussed design processes are
applied on to Affective Health. Chapter 5 includes the establishment of Affective Health‘s
design qualities and analysis of user tests. The research work which has been carried out
to create the final design suggestion for how a new interface of Affective Health can look
like is presented in chapter 6. A chapter of conclusions for the whole master thesis is found
in chapter 7, the Acknowledgement in section 8 and then the references followed by the
Appendix which includes the interview form.
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Chapter 2

Background of Affective Health
and Time

This section explains the background about the Affective Health system, its aim and how
it mirrors the life of its user. Since the task was to ‘Investigate different representations of
time in user interfaces and from the results evaluate and develop a design solution suited
to mediate the design qualities of the Affective Health system‘, a brief literature study was
made on time and the perception of time which is presented in this section.

2.1 The Affective Health system

It has been established that long term stress can lead to chronic illness of cardiac disease
and vascular disorder. In the way people live their lives today they are surrounded by stress
and they are also contributing to the stressful society when they constantly chase the time.
That increases our chances of being afflicted with stress diseases. According to Sanches et
al. the Affective Health team has learnt that rather then diagnosing stress it is better to
mirror short time stress reactions back to the user and give them the possibility to do the
interpretation [14]. With that knowledge the research centre Mobile Life wanted to create a
product which would open up the minds of its user to reflect up on their hectic and stressful
everyday life and lifestyles.

The system Affective Health is a mobile application that aims to mirror potential stress
indication for its user. The system is using contextual and bio sensor data from the user and
visualizes them on a mobile phone [21]. Affective Health is no medical device and do not
provide any diagnosis, it is a tool for visualizing trends and patterns of the users everyday
life. It invites its users to interpretation and to get an understanding of how their lifestyle
can be related to their stress levels. The bodily data is collected through bio sensors placed
on the users body and transferred via bluetooth to a mobile phone application. The bio
sensor data being collected are pulse and arousal, where the arousal is measured through
Galvanic Skin Response (GSR) which can be connected to stress peaks of the user. The
contextual data is the users movement which is gathered through an accelerometer sensor,
and the purpose of that is to help the user to distinguish stress from physical activity.
Physical exercise evoke the similar bodily reactions as negative stress, so to distinguish a
nice run in the park from a stressful situation in the office the accelerometer will detect

5



6 Chapter 2. Background of Affective Health and Time

whether you have been moving a lot or being still, whereas the user can than think back on
what she was doing at that moment. [21].

Affective Health Sensors

Stress might be one of the most relevant issues and hazards of the modern society today. It
is a problem that many people struggle with on a daily basis and if the body does not get
time to recover and rest the stress can lead to illness. Over the last hundred years there has
been many attempts to map and characterize stress and the symptoms of stress. A stress
response is characterized by a combined psychological and physiological state of arousal
with a direct relationship to increased responsiveness and alertness leading to increase of
hart rate, blood pressure and perspiration. One way of detecting and capturing signs which
indicates stress are through biofeedback where bodily data is captured through bio sensors.
The measurements used in the Affective Health system should mirror the user‘s body in ways
that make sense to her, with no need for any medical expertise, interpretation or advice, it
should also use non-intrusive sensors which could be worn in everyday-life. Figure 2.1 shows
how the system is worn and where to place the different sensors on the body.

Figure 2.1: This is how the Affective Health system is worn. The sensors are placed on the
specific areas of the user‘s body to gather reliable data. The sensor data is gathered from
the sensors through the bluetooth device and transferred for visualization on the mobile
phone.

Arousal is a result from a reaction in the whole body, but there are single body signals
that could be measured to detect arousal. The sensors that was found suitable for the Affect-
ive Health system and stress detection was; heart rate through pulse sensors since heart rate
is strongly related to arousal and stress, arousal through Galvanic Skin Response(GSR) and
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movement through an accelerometer. The GSR sensors measures the rapid occurring fluc-
tuations over time, i.e the electrical conductance of the skin, which varies with its moisture
level. The fluctuations are related to Arousal and the sensors are placed on the wrist or in
the palm of the hand. As mentioned above, the accelerometer is used to distinguish physical
activity from stress, since the GSR will increase in both cases it does not need to be indicat-
ing stress. If the pulse and the arousal values are high and the movement is very little there
is an indication of stress that the Affective Health system will detect through its sensors. [14]

Implemented interfaces

Affective Health have two different interface concepts implemented which are visualizing the
bio sensor data from the user of the system. The first developed and implemented interface
is referred to as the ‘Layer‘-interface, see Figure 2.2. Each minute is displayed as a layer
that changes and compresses as the time passes by and is added to the history stack of
layers. The current time is showing the sensor changes, where the arousal (GSR) value
is represented by color, the movement is represented by a spinning wheel and the pulse
is represented by a pulsating circle. The interface is supposed to mirror the user and her
everyday-life, where the interpretation of the visualization is left to the user. To interact
with the interface and to be able to view the history, the user drags the layer upwards or
downwards. If the user wants to get back to the present data she just double clicks on the
upper left part of the screen.

Figure 2.2: This is how the Layer interface looks like when wearing and interacting with the
Affective Health system.

During the design process of Affective Health and after developing and evaluating the
Layer interface, the result made the design team think about creating a new interface. This
interface should also be based on visualizing gathered bio sensor data, but the visualization
over time was to be portrayed in a new way with better overview. It resulted in the interface
referred to as the Spiral interface, see Figure 2.3.

In this concept the bio sensor data is represented by color and shapes and tied to the
floating time in a spiral. The centre of the spiral is representing the present and the data
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Figure 2.3: This is how the Layer interface looks like when wearing and interacting with the
Affective Health system.

floating out in the spiral is the history data. When the history data is floating out in the
cyclic spiral the user can compare cycles and find patterns in the data. The arousal is
represented by color transitions, and are visualized as background color in the spiral. The
pulse is also represented by color transitions and are visualize as the inner, thinner line
on top of the arousal representation. Depending on wether the user is moving or not, the
thickness of the pulse line increases or decreases, which means that if the user is moving a
lot the pulse line is getting thicker and if the person is not moving or moving very little the
pulse line is thinner. The user can interact with the interface by clicking on specific parts
in the spiral to get more information of a certain time, the user can zoom in and out to
investigate the data even further or scroll the spiral backwards to brows back even more in
the history. Compared to the Layer interface this interface is more developed and has more
functions and features. The user can also choose in what timespan she wants to see view
the data; minutes, hours or days. To distinguish the three different bio data, the user can
choose to display just the pulse, movement or arousal, or to display two of them together
or to see all three of them at the same time. In time of writing this thesis, the Affective
Health system with the Spiral interface is tested by real end users in a collaboration with
Stockholm municipality [2].

2.2 Design Challenge and Perception of Time

When designing a new digital artefact one always bump into problems in one form or an-
other. This section describes one of the challenges the design team of Affective Health has
struggled with, which is how to visualize the bio sensor data in a subjective way of time.

During the design process of the system Affective Health, the visualization of time has
been a major issue. Time is subjective and therefore thought of in different ways depending
on our culture, experiences we been through and our lifestyle. The way people see time also
changing depending on our activities and memories. When you are watching a movie three
hours can feel like twenty minutes and three hours can feel like forever if you are waiting
for someone to come home. The way Affective Health is using time today is not subjective
since the idea has been to build different representations of time and tie the data to the
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time. The time visualization in the two implemented interfaces today are based on linear
time that goes by [21]. The issue is then how the bio data can be visualized to handle the
time subjectivity. Time can be seen in many different ways, for example the author Christer
Wigerfelt discusses linear time, circular time and periodic time in the book ‘Einsteins och
Morsans relativitetsteorier‘ (1990) [25]. Robin Le Poidevin writes about the perception of
time it‘s past and present [13] and the author Joel Herr follows up on the same idea [6]. To
address the challenge of the subjective time issue, a brief literature study was made on time
perspective and how time can be experienced.

Wigerfelt explains that time has been a factor throughout the history of humanity, but
the time is hard to define. In the past, the detailed time was not particularly important
to humans and their societies, the humans referred to time over e.g lunar cycles, time of
the year and harvest cycles. When people started to exchange goods and handicraft, the
time it took to deliver or create a certain product started to matter more. You could get
more money or more exchanged handicraft if the goods could be delivered on a short time
[25]. According to Herr time became even more important when people started to travel
faster and faster, and the invention of the clock gave a physical shape to time. This was a
new way of perceiving time, where people had the same sense of time, or at least referred
to time in the same way[6]. Some cultures still have the old way of looking upon time and
how it progresses compared to how the people in the western world live their life. The time
is then a factor which almost all activities and everyday-life are based on or connected to
[25, 6]. The Western Society has the view upon time as something linear and ongoing. It
is hard to just dwell upon in the linear time, we need to have something to do, a goal to
reach, an activity to carry out. People feel they have to do something meaningful with
their time otherwise it will be lost or dead time. The present time has to be filled with
something, it has to be some action according to Wigerfelt. For these people the present is
not enough, and to be able to give their lives a purpose they need to think about and strive
for the future. This viewpoint on time has its drawbacks, people are losing their ability to
concentrate and moreover distract their attention, people take to little time to reflect and
make realistic judgements of the reality.

Another approach on time is the circular time where things are constantly repeated,
where nothing has changed and nothing will change. To be in a circular time is like moving
in a well known landscape and the past time is gliding in to the present. The past is not
lost time and the present is not new. The circular time cannot be broken down into smaller
pieces in the way linear time can. The present is a part of the present and through the past
it is possible to get knowledge of the situation. This viewpoint on time was used mostly
during the Middle Ages. A third view of time according to Wigerfelt is the periodic time.
The time is not something that constantly moves on, as the linear time, or round and round
in the same tracks as the circular time. The time is not any constant flow but an exchange
between one state and another. In this aspect on time the people are living in the present,
they are almost trapped in the present and the time does include anything that can be
used to get to know or imagine about the things which are yet unknown. The speed of
the periodic time is not constant as in the linear time, it is created of the intensity of the
humans experiences. The human is surrounded by time, but she produces her own time.
The past in the periodic time is not organized after any timeline but more just of occurred
events. This viewpoint on time are used in some of the less developed countries and took
also place in the Middle Ages, but also in the farmer culture in Sweden even until the early
twentieth century. [25]
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The way people perceive time is subjective and therefore different cultures and people
will have different ideas on time. Le Poidevin and Herr discuss how time is perceived and
how people experience time, in relation of past and present. The time which one person
describes as present time can be five seconds and the present time another person perceive
as present can be up to a minute. These authors claims that time is not only the past, it
also includes the future which can be perceived differently from person to person depending
on the situation.[13, 6]

To sum up there are many different ways of looking at time, but the time is there as a
factor in all human life, more or less, in one way or another. What is common for all of these
ways of perceiving time is that time goes on, slowly or fast depending on our state of mind
and what situation or lifestyle we are in. Time is subjective, time exist and effect us, and
a good example is that we are born, we mature, and grow old over time[6]. The way data
is represented over time can make great differences in time subjectivity. The design team
of Affective Health have investigated how far they have come with the system and the time
aspect through the two implemented interface concepts. They have represented the data
over time, and they have explored how the user could be able to compare data over time
and how a system can mirror the life of the user. The new interface suggestion for Affective
Health should develop the subjectivity of time even further.



Chapter 3

Study of different Design
Processes

In our society we are surrounded by artifacts created by humans and the information tech-
nology is increasing and becoming a vital part of our lives. The result of all design work is
in some way a product, abstract or concrete, small or big, important or unimportant, and
the result from a professional design process is the outcome of the conscious actions of a
designer.[9]

There exists a lot of different methods and descriptions of the ‘design process‘, the process
of the development of an artefact of some kind. Some suggest better ways of working,
others are written from the outside of the process and describes what is happening and
some descriptions are written from within the process itself. The models are there to guide
the designers, to help them understand, reflect and teach them about the design process,
since the purpose of a model is to emphasize some aspects and exclude others. [24]

Since there are so many design processes out there, three of the different approaches of
design processes were studied and are presented in this section. When doing the in-depth
literature study the aim was also to investigate if there existed a tool that could be found
in some of the design process approaches, which could support the work of developing a
new interface concept to the Affective Health system. The authors of these three different
design processes are the theoreticians Jonas Löwgren and Erik Stolterman, the practitioner
Bill Moggridge and the practicing theoretician Bo Westerlund. Löwgren and Stolterman
has been active for a long time in the Human-Computer interaction area and Moggridge is
the founder of IDEO, one o the most successful design firms in the world and one of the
first to integrate the software and hardware design into the practice of industrial design.
Westerlund has a background as an industrial designer consultant. These authors and their
design process approaches were chosen because they have different backgrounds and ways
to look upon the process of design. Löwgren and Stolterman discuss the design process of
digital artifacts compared to Moggridge and Westerlund that talks about the design process
when developing any kind of artefact. Westerlund has the idea of that in the process of design
one should work with the solutions not focusing on working with the problem. The focus of
Löwgren and Stoltermans‘ design process is of the early phases of the design process, where
the designers are getting involved with the task. Moggridge‘s design process can be used
retrospectively on the work. All the authors talks about aids of how to reach suggestions
and solutions of a task, not about the exact way of reaching them. Even though they have
different views of how the design process should be attacked, they all agree on that every
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design process is unique.

3.1 The Design Process in the Eyes of Löwgren and
Stolterman

Digital artifacts created with a core of information technology are important in the daily life
of the people in the Western World. Löwgren and Stolterman are referring to information
technology as ‘the material without qualities‘. The material without qualities is involved
in the dissolving of the material and the virtual in creating smart devices and smart envir-
onments. Their book ‘Thoughtful Interaction Design, A design perspective on information
technology‘ does not aim to give the ready-to-use methods and techniques for creating design
visions, the book is written to advocate thoughtful reflections on what it implicates to be a
good interaction designer and how to prepare to do a professional job in design situations.
Due to the complex design challenges there is today with digital artifacts, Löwgren and
Stolterman argue that a new perspective on design is needed, the thoughtful design. The
thoughtful interaction design which the authors are talking about is a way that can help
students and professionals within human-computer interaction to think and reflect on the
design field based on well-grounded ideas and concepts based on a design perspective.

This does not imply that all of the characteristics of a product is the outcome of inten-
tional design decisions, they are sometimes side effects of unexpected mistakes and lack of
knowledge. Therefore the authors claims that ‘there can never be a perfect design process
with a perfect outcome‘. Artifacts contain some unwanted characteristics and can cause
stress, frustration and confusion among its users.

Interaction design is in the authors words the shaping of use-oriented qualities of a digital
artefact for one or more clients. The process of designing interaction is unique and cannot
be prescribed.

The design process‘ first sketch

In design there are no correct answers according to Löwgren and Stolterman. The proposals
on how to solve a design situation is created in close relation to the understanding of the
situation, and since it is an ongoing, changing and growing process it is never possible to
determine wether the design proposal is right or wrong. Design processes are also affected
of the people involved in the work and the existing conditions. The combination of the three
‘elements‘; the designer, the resources and the situation is always unique and therefore the
design process will be unique as well the authors mean. Designs are affected by values and
ideals, and there are actions, choices, and decisions in the design process that in different
ways will lead toward or away from the values. At the same time the design is an aesthetic
activity and in some way a political and ideological activity which leads to the realization
of that design includes and involve responsibility and puts a pressure on the designer. This
view of design is what Löwgren and Stolterman call the first sketch of the design process.

The Design Process

According to Löwgren and Stolterman there are many different models, methodologies, and
theories which tries to explain and include the whole design process, but since every design
situation is unique the models are not complete and the designer needs to understands the
methods limitations. The authors believes that the design process is so complex that it
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cannot be described in a general way, but on the other hand the designers need guidance
to perform their task in a good way. For the designer to use these methods and models
to structure the plan, organization, evaluation, etc. she needs to be critical and not adopt
the method completely. Löwgren and Stolterman are not presenting a method or technique,
they try to portray the design process by focusing on some aspects new to the process of
IT design methodology. They are focusing on the early parts of the design process where
the designer is getting involved with task, interpret the context, navigates through available
information, establishing relationships with the client, users etc. Based on this the designer
creates her design proposal according to Löwgren and Stolterman.

The Design Process - vision to specification

Löwgren and Stolterman means that the design process of the thoughtful interaction design
starts earlier than one might think. Usually the process is said to begin when the designer is
assigned to the task, or when she is exposed to the background material, problem statement
or task description at the first time, but in this case it starts when designing the design
process. The design of the design process is a very important part of the work and process
and takes place early in a project. This is the part where the decisions of how much focus
and resources there will be put on the early phase, related work, new technology, users, user
tests, implementations, evaluations, etc. They mean that this is something that requires
thoughtful design.

There are three levels of abstraction in the early work of the design process according to
Löwgren and Stolterman; the vision, the operative image and the specification. They are to
be explained in this way, see also Figure 3.1

Figure 3.1: The three abstractions levels of the design process. The vision, the operative
image and the specification which all influence each other.

– The vision is whats emerges from the mind of the designer when she is confronted with
a design situation. For an experienced designer this will take place early in the process
and if the situation reminds the designer of a similar situation it emerges even sooner
in the process. The vision is not a solution or a specification, it is a first organizing
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principle that helps the designer to structure the situation. For an example it can
be an idea of a technical solution or a thought of a special feature or function and is
often in a phase of sketches. In the early stages of the design process there are several
visions ‘fighting‘ to be realized, which opens up the mind of the designer which is a
good thing and at the same time this chaos of visions can be contradictory. According
to Löwgren and Stolterman these contradictions of visions do not necessarily have to
be bad, they can also guide the designer through complex situations.

– The next stage in the design process of Löwgren and Stolterman is the operative
image. The operative image is a first externalization of the vision which results in
simple sketches. During the procedure of the process the image becomes more defined
and more of a solid ground for design work. The designer has to explore the situation
at hand, all the dilemmas and complexities with an open mind. If she is honest
in the approach, that will lead to a vision and the operative image can start to be
processed. The complexity in relation to the situation, vision and the operative image
will force the designer to be more creative, and that part of the process will appear more
naturally. The operative image is most likely to be the major part of the design process.
The vision and the specification will change during time and if anything new adds on
to the operative picture the situation will come to appear different which influences
the vision and vice versa. The ability of the designer to cultivate the operative image
will take the process onwards. The picture becomes more stable when the productive
design work begins, but can still be put to test when new demands, restriction and
possibilities occurs.

– When the operative picture is detailed enough, the person responsible for the design
process a decision of wether it will function as a specification for the final design.
After this stage a construction phase begins where the task is to produce a concrete
artefact out from the specification. The specification will come to change over time
when new ideas and requests appears to the operative image during this phase, and
what the final version of the specification will be made upon depends on the focus of
the designer/design team.

Despite these levels of abstractions the design process is not linear nor iterative, it is a
fully dynamic dialectical process where the vision, the operative image and the specification
influences each other during the whole process. This is what Löwgren and Stolterman call
the design process. Depending on the design situation, what problem there is to be solved,
the process looks different.The difficulties lie within the process going from diffuse visions to
a more specific operative image, with the intention of communicate and debate the problems
and situations. There are always numerous of solutions and ways to go to solve a task, and
therefore a design situation can never be restricted to one solution, if that was the case,
there would not be a design situation.

Since the vision, the operative image, details and specification continuously influences
each other the design process does not develop like straight line from abstract to concrete,
see Figure 3.2.

The designer needs to go beyond the method description and understand way different
steps in a method are performed and how they can guide the designer through the process,
generate ideas, sort out obscurities etc, adapt the method to the situation at hand, exchange
one method for another more suitable and so on. If that is the case, the design process
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Figure 3.2: The three abstractions levels of the design process. The vision, the operative
image and the specification which all influence each other.

and the methods used will run smoothly together and generate valuable information and
knowledge to the designer. A designer who is free to choose among several methods and
techniques, and is aware of their advantages and limits, is better prepared to act in the
process of design. Examples of methods can be, 365, Six thinking hats and Brainstorming.
Method helps to plan and coordinate the design process, the resources needed, the time
schedule, testing etc.

The use qualities of the product

One of the core elements of interaction design is for the designer to develop the ability
to sense qualities a language for articulating use-oriented qualities. What is the product
and what does it mean. Most of the product qualities interesting for the designer are not
visible or easy to find or measure; usability, ecological sustainability and flexibility. There
are almost no tools for measuring such use-qualities but the designer can still locate them
through awareness and tools for thinking.

The identification of important use qualities helps practicing designers identify and move
in relevant directions in the early phase of contact with a new design situation. It also helps
to clarify the communication between designers and other stakeholders, especially the cli-
ents. Use qualities also provide a format for constructing transferable design knowledge
and contributes to a possible expression for a digital design science. The design situation is
often confused in the beginning of the design process and if the designer can find some use
qualities the work and the design process will easily develop a sense of direction. During
the process the qualities can be transformed into more specific goals.

The task or a situation always involves issues of needs, requirements, context, cultural
trend, expectations, style and tastes. The society of where the situation takes place influence
in the way of what is accepted, possible and suitable to design. The ability to recognize
use-qualities is different between physical artifacts and digital artifacts since information
technology is a strange material according to Löwgren and Stolterman. The authors are
trying to provide some suggestions of use-oriented qualities of digital artifacts that are not
general but applicable. One set of qualities has to do with the users motivations for engaging
with the digital artifact, another one is of the sensation of interaction, then there are social
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outcomes of interaction, structural features and users reflection upon their situation. These
are to be seen as tools for questioning, elaboration and making choices in the thoughtful
interaction design.

A map of Digital Artifact Qualities

The map of qualities, see Figure 3.3, which the authors suggest is not a complete map of
all use-qualities there is. It should be an inspiration for designers to think of and conscious
reflect upon.

Figure 3.3: The Map of Qualities with its five main groups which is used in Löwgren and
Stoltermans‘ design process theory.

– The use qualities on the left of figure 3.3 deals with motivation. These qualities affect
the user‘s motivation to continue using the artifact.

– The use qualities in the middle of the figure 3.3 deals with the immediate experience
of interacting with a digital artefact, as well as the user‘s handling and perception of
it.

– The use qualities on the right of figure 3.3 concerns user‘s interactions with digital
artifacts and their outcomes on a broader social level.

– The group of qualities of the bottom of figure 3.3 can be said to represent mediations
of structural qualities, or engineering ideals as they are reflected in use qualities.

– The group of qualities on top of figure 3.3 deals with the user‘s creation of meaning
in relation to a digital artifact.

In design disciplines there have been attempts to express the qualities of an artifact
with design language/product semantics. The product semantics are mainly about how the
artifact make sense to its users, are symbolically embedded in society and which role the
artifact plays in the reproduction of culture. The design stand on this view is to use the
semantics to communicate understanding of how to create intended artifact use to the users
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and create desirable images e.g to express a company through its products. A designer who
takes this semantic stance can carry out the work in qualitatively different ways, using a
language for addressing the qualities of digital artifacts in Löwgren and Stoltermans mean.
The authors point out that ‘a language of use qualities says nothing about how to design an
artifact or how to address its totality; but it may support the designer in her ongoing work
of developing a repertoire, an articulation language, and a sense of quality. It may help the
designer be prepared for new design situations, but it can never be a prescription for action
in any specific situation‘.

3.2 The Design Process in the Eyes of Moggridge

In the book ‘Designing Interactions‘, [10], Bill Moggridge is telling stories from other influ-
ential interaction designers work and is tracing the evolution of ideas from inspiration to
outcome. Out of the many practical design works and with his great expertise and know-
ledge Moggridge has developed his own process for designing interactions.

Moggridge has stated his belief which is that to be able to create good design you need
to get to know the users, their needs, their mental model and how they think and behave.
Another important thing the designers need to do is to use prototyping, early often in the
process. The focus on people and the prototyping is not enough to create splendid design,
the use of the designed things are situation based and therefore the full context needs to be
taken in to consideration.

The design process

Moggridge view of the design process is that it consists of ten different elements; constraints,
synthesis, framing, ideation, envisioning, uncertainty, selection, visualization, prototyping
and evaluation, see Figure 3.4. The elements are illustrated as an ongoing cycle where it
seems like the design process will take the same path in every project and on every design
development. This is not the case, the design process for one project rarely follows the same
sequence as another design project. The process does not look the same in every case and
can sometimes be random.

The list below explains the author’s process of design.

– The design process starts with that the designer/design team understands the relevant
constraints. The constraints can be about anything relevant to the project such as,
the ‘State of the Art‘( which means ‘in the present state of the art this is all that
can be done‘ according to the Oxford English Dictionary and H.H. Suplee, 1910), the
needs and wants from the users, technology, financial constraints, mental models and
business constraints. Moggridge points out that it is important for the designer/design
team to absorb the constraints into their subconscious mind.

– When the design team share their subconscious mind of all the absorbed issues of
the design process, the synthesis take place. It is the design teams ability to share
their ideas of the design and synthesis them. When the design team has got an
understanding of the constraints, the subconscious mind are processing the information
at all the time which often can lead to new, developed ideas for the project. It is
important to plan for this element in the design process, when ideas which do not
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Figure 3.4: The Map of Qualities with its five main groups which is used in Löwgren and
Stoltermans‘ design process theory.

come from the obvious analysis of the project, it rather generates ideas from the
subconscious mind of the designers.

– A framework is a kind of synthesis where ideas are aloud to be structured from chaos
to the first level of order. It forms ways of thinking of and evaluating design ideas.
Figure 3.4 shows how a possible framework for the design process could look like.
In reality the structured, iterative cycle described in the picture has a more chaotic
pattern, where the different areas are visited and progressed several times in different
stages of the design process.

– Ideation is happening during the whole design process and if a good framework is used
it will help to position the design ideas. The idea of design could be about anything
relevant to the project from the context, the material or about tiny details. A method
that can be used for ideation is Brainstorming. Moggridge explains that ideas can
occur at any time in the design process from unexpected directions and one idea can
often be triggered by another idea or element.

– The envisioning part of the process helps the designers to see what an idea is like. The
ideas are transforming from visions or ‘dreams‘ to realized descriptions of the design.
Clarity have to be put in to the idea so one as a designer knows what the idea is about.

– The design team can feel uncertain many times during the design process when they
are analyzing and straighten the concepts of ideas. The uncertainty can occur after
envisioning, prototyping as well as after visualization. The uncertainty is needed and
an important factor when designing, it helps the designers to select and sort out
feasible and good ideas from the others. The individual or shared subconscious mind
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are working on the uncertainty and bring out the important questions wether the idea
is understandable, implementable, consistent and so on.

– When reaching the selection part of the process it is time to make decisions and choose
which alternatives that will be taken into the next iteration and the next step. The
designers have to argue for their thoughts and share their opinions.

– The element of visualization implies that the designer/design team create realistic rep-
resentations of the idea from a viewers point. The representation is a visualization and
can be dysfunctional. The visualization is related to the envisioning (where a glimpse
of the nature of an idea is given) and prototyping (which test some functionality of
the idea) but is more of a convincing communication of the potential reality of the
idea and the concept. Sketches can be good to use for illustration in this moment in
the design process.

– When reaching the prototyping element in the design process it is time to test how the
idea or concept is expected to work. The prototype should then be a representation of
the elaborated idea and the prototype created does not have to be very advanced as
long as the functionality is able to be tested, and conclusions about the uncertainties
can be drawn.The further into the project one are, the more developed the prototype
should and tend to be. The prototype will more and more look like the intended
design and include real interactions. The prototyping is examining wether to continue
to work and develop on the idea or to drop it and try other ideas and concepts. When
the final prototype has been approved the concept is ready to be implemented.

During the whole design process evaluations are needed. It helps the design team to come
up with interesting, new thinking, realistic, usable and maybe crazy ideas, and also guides
them to avoid pitfalls and failure. Evaluations can be made within the design team, with
the client or the users depending on where in the process the project are and what type of
result that is wanted. The evaluations can lead to a new ‘state of the art‘ for the upcoming
attempts to create a good design. Moggridge have a motto regarding the evaluation which is
‘A good motto for designing interactions is to evaluate early, often, and as soon as possible‘.
[10]

3.3 The Design Process in the Eyes of Westerlund

When working as an industrial design consultant Bo Westerlund often felt that he had to
explain and describe for his clients the way the assignment was going to be carried out. E.g
what design model that would be used to carry out the work. The clients often wanted to
see a model where the end was defined, where they could picture the way towards the goal,
e.g. a waterfall model rather than an iterative model where the design process progresses in
cycles. They often believed that if the design model was nonlinear or not totally reviewable
the cost for the task would be increasing for every new step or direction in the model. The
author also felt that when he was going to teach students about the design process, he
needed to add comments like ‘these methods...do not work as prescriptions - people don‘t
use them...on the other hand they are also inadequate as descriptions...‘ since the methods
did not comport with his own experiences.

Westerlund studied the Henrik Gedenryd‘s work of how designers think, the idea of that
the deign work should be considered as an inquiry and that design can be seen as working
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‘backward‘ from the future situation of use. This was what triggered Westerlund to come
up with the idea of using the design space as a conceptual tool for understanding the design
work.

Westerlund proposes a rather simple model of the design process which can be used as a
conceptual tool for designing the design process. The model suggests that instead of start-
ing the design process with a problem, you actively work with the solution when designing.
The possible solutions are referred to as the design space, and the terms of explorative and
experimental are fundamental. The author claims that the model can be used for reflecting
on as well as designing design processes in education, in research and commercially. It can
also be seen as a complementary tool to other design process methods such as waterfall,
iterative, circular etc.

The design space, which includes all possible design solutions, can be used both for
designing and understanding the design process. The design space is huge, complex and
stretches over many dimensions and can not be fully described. To be able to find one or
several solutions the space is being restricted by constraints of the design task. The different
methods and techniques used within the design process are ways of getting to know and to
get knowledge about the design space. If a solution appears and it seems to work, than it
lies within the design space, and if a method finds a solution which does not work, that
one is outside of the design space according to Westerlund. When talking about solutions
they are often seen in relation to problems, as if the problems can be fully described and be
measurable. Practically in real design work, it is almost never one can find a single, best
solution for a task. Therefore Westerlund suggest that ‘possibilities‘ is a better concept to
talk about. He mentions the example of that the Sony Walkman (music player) is not a
solution to a problem. It is wanted and meaningful for many of its user, but it is rather an
idea which uses the technical possibilities than a solution to a problem. One of the benefits
of the design space conceptual tool is that it focus on the whole future product in its context
of use, which helps to show how all aspects are important right from the beginning in the
design process.

It is the artefact which does not yet exist that is the focus during the design process.
From all work, both when finding things that works and things that does not work, the
designers gather knowledge and experience of the design space, the place where the possible
solutions are found. Every design task will include some constraints which forms the design
space and the possible solutions. The constraints can be fixed ones due to laws and restric-
tions, there can be flexible constraints from the clients and also the fully flexible constraints
imposed by the designer herself.

Other than the design space and the constraints Westerlund also points out the import-
ant parts of exploration and experiment. These are approaches of how different methods
can be used, where the exploratory has the ‘emphasis on clarifying the requirements and
desirable features..and where possibilities for solutions are discussed‘. The experimental
approach means ‘the emphasis is on determining the adequacy of the proposed solution‘.
Answers to these approaches are often yes or no; yes this is within the the design space, or
no this is not within the design space.

There are a lot of existing design models which tries to emphasize some solutions to the
designer and exclude others. Some of the models suggest that the work is only done in one
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way, according to the structure of the model, and some models suggests that there some-
times can be several ideas for the designer to consider. Westerlund points out that many of
these models are rigid since the models describe the overall process of the design work and
identify phases where specific parts of the work is done e.g. gather information, analyzing
data, create prototypes etc. Methods, techniques and tools are important for the designers
in many stages of the design process, and in some stages of the process different tools and
techniques are suggested. The author suggest that the design work should be considered as
an inquiry.

In Westerlund‘s paper ‘Design space conceptual tool - grasping the design space‘ [24], he
shows three example of how the design space model can be used to guide the design process
by means of the model, and also how the model can be applied afterwards to reflect on
the design process. In all examples he describes how the starting point and the conditions
for the projects were, describing how the design space was explored, what constraints there
were and how the exploratory and experimental approaches were carried out.

In one of the examples 50 PhD and Master students were gathered in Split, Croatia in an
interaction design summer school in 2004. Westerlund was one of the leaders for one atelier
group of the school and wanted to test his design space conceptual tool in a perspective
way with the students. Conscious reflection on the design process was used together with a
mixture of methods to develop the design space together with the people in Split. Besides
this work they were reflecting and discussing the design process in order to learn more about
possible ways to conduct design work‘.

The study had its constraints such as: the main theme was ‘Communities in Transition‘,
and the sub themes ‘Sustainable Tourism‘, ‘Reinventing Hospitality‘ and ‘Enhancement of
Identities‘, the time period of two weeks to come up with a concept or solution was another
constrain. The exploring and experimenting consisted of a participatory design where the
students went out talking to tourists and locals, observing, taking photos of places and col-
lecting artifacts. Exploring in that way gave the students a first understanding of the design
space. The observations were discussed and new ideas was created. The work continued and
concepts were developed with consideration to the constraints. They situated ideas of in-
teraction in to possible future scenarios. The group builded and tested(experimenting) and
was looking for new ideas(exploring) with the growing knowledge of the design space. They
ended up with four ideas which they presented in a video, i.e. a presentation of the design
space. The video showed how locals and tourists were using the four concepts which they
had developed. The constraints for the study made parts of the design space unexplored
but one idea was presented as a solution, within the design space. When the students were
using the conceptual model it was clear to them that the goal with designing was to generate
ideas within the design space and that the design space gave rise for many different solutions.

Westerlund claims that if one would have taken any model of a design process and ap-
plied it on any of the three project examples it would be possible to make them fit through
using reasonable descriptions and claim that ‘it was a typical waterfall process‘ or ‘iterative
due to...‘ or ‘fluctuating between expanding and contracting‘. The models are great in the
way that they emphasize some aspects and ignore others without ever revealing the whole
picture Westerlund means, but he does not want to contend that his ‘design space conceptual
tool-model‘ is superior to other models. One aim is to use the model to review on processes
already carried out and describe the process. Another aim is to use the model to guide de-
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signers in the design process which Westerlund‘s example described above showed success of.

Westerlund means that this concept tool model works across many disciplines thanks
to its simplicity and can be applied to most design processes. A shared view within the
design team is constructed of what the aim is, to find one or more solutions in the design
space. It also shows that it is through exploration and experimentation one get there, which
contributes to the exploration of the design space made by the design team. The model
does not imply a certain path or way to get there but it works as conceptual tool, encourage
early exploration of the design space and opens up for many different solutions. [24]

3.4 Conclusions from the Design Process Models

ö The three different design process discussed are using different tools and methods to
describe the design process. When designing the design team wants to come up with a
concept or a product with as high quality as possible using as little resources (money, time,
people, etc.) as possible. When putting the three design processes compared to each other
one can see that they are different in the way that they approach the development of a
design but they are all adaptable on any possible design task. Westerlund has a vision of
working with a solution which is to be found within the design space instead of dealing
with a problem which should be solved. His design process model are suited to be used
retrospectively on an already carried out design process. Moggridge and Löwgren and
Stoltermans‘ design processes appear to be a bit similar to each other. Although Moggridge
talks about the randomized design process, the process develop between the different state
elements could be compared to the different stages in Löwgren and Stoltermans‘ abstraction
levels. The Level of Abstractions can also take a random path from vision to specification
depending on the result from the activities taking place during the design process. These
activities are different from process to process but they could be user studies, evaluations or
more resources(time, money, etc.). If one would straighten the path of a design process in
Moggridge‘s model that could be compared to the path of the Levels of Abstraction which
Löwgren and Stoltermans‘ design process proposes.

A general assumption is then that the combination of Moggridge‘s randomized design
process model and Löwgren and Stoltermans‘ design process model with the Levels of Ab-
straction can be used when trying to capture the process of the design. It is a tool which
could make it easier to capture the design process in a good way when approaching the task
and finding a solution. The conclusion would also answer the first formulated question of
How one can capture and describe the design process of a research project in a good way.

During the theoretical literature study the aim was also to investigate wether there
existed any tool which could support the mediation of a design qualities through design. In
the three investigated design process models Löwgren and Stolterman are the ones who looks
deeper into how one should think about the design qualities, qualities that mediates to the
user what the product is and means. They suggest that one could use the Map of Qualities
as a guiding tool, which could help the designer to focus on the qualities that should be
expressed when using the digital artefact. To answer the second formulated question of this
thesis, if there is a tool within some of the discussed design process which could support the
work of expressing qualities through design, the answer in this study is the Map of Qualities
by Löwgren and Stolterman. Next section will apply the three different design processes on
the design process of Affective Health to show that it is possible to use them to describe a
design process of a research project.



Chapter 4

The Design Processes applied
on Affective Health

Since Affective Health has been an ongoing design project for two years, it has been de-
veloped through some kind of design process. It would be interesting to see wether a research
project as Affective Health would correspond to some of the models of design processes that
exist today. When working with a research project one strives to gather knowledge from
which one can draw conclusions and develop something from. There is not necessarily that
the process of design follows any particular design process model, which the project of Affect-
ive Health has not done. The design processes that were applied on to the design process of
Affective Health were the ones mentioned in Section 3. Is it possible to apply these design
processes retrospectively, and is there a difference when trying to apply a design process
developed by a practician or a theoretician? In this section the design process of Affective
Health is established and the three different design process discussed in Section 3 are applied
on to the design process of Affective Health.

4.1 Method of the Application of the Design Processes

Affective Health‘s design process was first investigated and the major phases in the process
was established together with one of the members of the design team. The next step was
to try to apply the three design process from Löwgren and Stolterman, Moggridge and
Westerlund retrospectively on to the design process of Affective Health. Conclusions from
this applications were drawn of wether the three different design processes suited and were
applicable on to a research project‘s design process, i.e on the Affective Health project.

4.2 Result and Discussion of the Application of the Design
Processes

To be able to apply or compare wether the Affective Health project and its process would
fit into some of the other design processes discussed, Affective Health‘s design process had
to be established first. When the articles regarding this system, published by the Affective
Health team and Mobile Life Centre, were studied in the beginning of this project some of
the steps of the design process were mentioned, but not in what order they took place and
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what the outcomes from each step was. The establishment was made together with Elsa
Vaara, the team member and interaction designer of Affective Health who has been working
with the project for the longest time.

4.2.1 The Design Process of Affective Health

In the time of writing, the project of Affective Health was in its final phases where the
system was tested with real users and where analysis should be carried out to evaluate the
project, sum up and take care of the knowledge that has come out of the research project.

The Affective Health project started in February, 2008, and the design process is illus-
trated in the picture 4.1. The design process of Affective Health has not been carried out
on a specific design process method, rather by the experience of the members of the design
team, which they have had from working with other design research projects of digital ar-
tifacts.

The process started with a sum up from the inspirational system of Affective Diary, a
digital diary where its user could scribble their notes at the same time as the system collect
memorabilia data from body sensors [15]. The new idea was to contribute to reflections
over ones lifestyle, which in the prolonging could lead to changed behaviors, something that
will make the user put up goals and learn to get control over situations which affect the
his or her stress levels. Information from the surroundings are also needed to connect the
interpreted data with activities in the real world. The design team was working on an
idea of an messenger/carrier for the bodily information. The product /application should
be provided with representations so the user could get an understanding of her life. There
should be no valance and no diagnoses, the system should open up for self-interpretation and
reflection. From that a design specification was developed which presented what the system
would include. The design team tried to unravel what the problem and the challenge was.
How a person get to know him- or herself was important for the design team to understand
and if a mobile application with bio-sensors were the materials to start a get-to-know-
yourself process, a material for reflection. The team found that the information for the
user to reflect upon could be captured through bio-sensors (physical activity, pulse, GSR-
arousal) and context data such as GPS, Bluetooth, photos, text messages. The goal for
the project of Affective Health was established to make the user reflect on sensor data and
relate that to their everyday activities and lifestyle. The research approach was to make
a literature survey to get theoretical guidelines, study methods and frameworks, and an
empirical approach where experiments, user tests, case studies were to be carried out. Elsa
Vaara , the interaction designer of the Affective Health project, has made a draft in where
the first parts of the design process is described and she has defined the activities in chunks.
The process started out with a broad range of material, and by using sketches, workshops,
visualizing in 2D, animation and user feedback to be able to narrow it down to one detailed
prototype. The work was partly carried out together with users. The fundamental layout of
the visualization of the bio-sensor data was controlled by time and the chunks at that point
where:

1. Design decisions, living document, changing over time when gaining knowledge and
experiencing the different levels of prototypes.

2. Building a broad collection of graphical expressions, material and ideas to pick from
during the design process
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3. Creating series of concepts which visualize different ways to build the architecture of
the interface.

4. Refining the concepts

5. Work on one concept which would be the first concept to test on a working prototype.
[3]

The continued work of the of Affective Health together with what is described of the
design process above is illustrated in Figure 4.1 .

Figure 4.1: The most significant phases of Affective Health‘s design process are illustrated
in this figure

When the first prototype was developed the design process had reached about halfway
through, which can be seen in the Figure 4.1 where the phase of Claus implementation
took place. The system should also be wearable in a way that should not disturb the
user, therefor the wearability of the system was improved. To get a clue if the system was
developing in the right direction the members of the design team tested the system and came
with feedback which they refer to as a design boost. A why-why-why? study was carried
out to find problems and generate ides. After that the temporality of time was investigated,
and the wearability was cultivated even more. When reaching this stages of the design
process it was time to test the system with users. After that session a look back was made
to evaluate the old work and to find the design qualities for the system. Ideas of having
another visualization of the bio sensor data was brought up, and the new Spiral interface
was developed. Once again the wearability of the system was adjusted and improved to
be worn as comfortable as possible for the user. When the Spiral concept of the Affective
Health system was developed the design team decided that it was time to test the system
to get feedback for redesign and see how the user‘s experienced the interface. That sate of
the process was made iteratively with changes of the interface. After the user study was
made and the Spiral interface and the wearability of the system were improved, it was time
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to test the system with real end users. The user test was in the time of writing carried out
together with Stockholm‘s Municipality. The work carried out in this thesis belongs to the
final parts of the Affective Health design process, and what is more to come to sum up the
project was at this point not known.

4.2.2 Löwgren and Stoltermans‘ Design Process applied on Affect-
ive Health

If the design process of Löwgren and Stolterman would be applied on to the design Process
of Affective Health it would look like the illustration in Figure 4.2, where the major design
phases are shown.

Figure 4.2: Löwgren and Stoltermans‘ design process applied on to the design process of
Affective Health.

The first vision of Affective Health which the design team had was to develop a new
product out from the Affective Diary project where a digital diary was built. With the Af-
fective Diary the users could scribble their notes, but it also allowed for bodily memorabilia
to be recorded from body sensors and mobile media to be collected from the user‘s mobile
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phone [15]. This first vision phase helped the design team to structure the situation. When
the first design goals were detailed down another vision appeared of that the system should
consist of both a mobile phone and a computer application. The vision, the operative image
and the specification were developed and took other directions during the design process,
depending on the work of the design team, their knowledge and experiences which were
applied into the project. When working with the operative image through the Wizard-of-Oz
study and concept development more details were added to the system and the specification.
That affected the operative image again which was developed more through the hall of fame
study. As can be seen in the Figure 4.2 the vision kept on developing and through that the
operative image was developed as well and the Layers concept was elaborated. The idea of
having both a computer and a mobile phone application was reduced to only a mobile phone
application in the specification. To get more details in to the project of the Affective Health
system, a why-why-why? study and user testing were carried out on the Layer concept. A
new vision emerged where the idea was to visualize the bio sensor data over time in another
way, the Spiral interface concept was created. That changed the operative image which
made the design team develop the specification even more. When the vision was somehow
stabilized, the final prototype was about to be developed. Details was added to the system,
and an implementation of the Spiral interface was created. The system was tested with real
end users to investigate how well it worked when it was worn on an everyday-life situation
and to unravel what changes are needed to be done to get the system to be a product that
would actually reach the market.

The operative image was developed when the creative work began with sketches, ideas
and the vision was externalized. According to Löwgren and Stolterman it is the operative
image which takes the process onwards [9]. The vision became more and more defined
throughout the process, but it was still put to test depending on the development and
changes within the project, its vision, details and specification, which also can be seen in
the design process of Affective Health, see Figure 4.1. Throughout the design process more
and more details were established which shaped the product. The work on the details
was something that was developed throughout the whole project, but some phases had its
focus totally on details such as design qualities, design specification and design decisions,
which can be seen in the details sections in Figure 4.2. The specification was also processed
throughout the design process and changed when new visions, images and details were
added to the project. The specification reached its peak, when it was specified enough so
the designers could make the decision if it would function as a specification for the final
design. At the point of writing, that peak was recently reached in the Affective Health
project, the specification was detailed enough so the product could be developed as wanted.

4.2.3 Moggridge‘s Design Process applied on Affective Health

The design process is not an ongoing cycle, going from one element to the next one, just
as Moggridge points out, which can be seen when applying his view of the design process
on to the Affective Health project. If Moggridge design process are applied on Affective
Health it would look like in Figure 4.3. There the design process and its different phases can
be followed as it jumps back and forward between the different elements. The path of the
Affective Health design process is what has resulted in the system which is now tested on
real end users. Moggridge also claims that the process even can be randomized sometimes,
which the design process of Affective Health could be said to be.
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The design team of Affective Health started to clarify the constraints of the task, what
could be done with the system, the developments from the Affective Diary project, should
the system use sensors, a mobile phone, computer or what. To get everybody in the design
team onboard they shared their ideas and thoughts in the synthesis phase. To organize all
the ideas and to be able to transform them into structured concepts the process was located
in the framing element, and a wizard-of-oz study was performed. The process continued on
to the envisioning where the visions and ideas from the design team and the material from
the wizard-of-oz study formed a description of design. To choose which concept to develop
and take further in the design process the process stepped in to the selection phase. Three
concepts where developed and adopted. The visualization phase was the next step for the
Affective Health design process, and there the three concepts were visualized with sketches.
A new design specification was developed by the designers and the process was now back in
the constraints phase again. The whole design process of Affective Health is not going to
be described to this adaption of Moggridge‘s design process model since it is so many steps
that has been made. But it can be viewed in Figure 4.3.

Figure 4.3: Moggridge design process model applied on to the design process of Affective
Health.
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4.2.4 Westerlund‘s Design Process applied on Affective Health

If the design space conceptual tool model would be applied on the Affective Health design
process it would be by using it to review the work already carried out. When the project
started the idea was to develop the Affective Diary [15] concept. The idea was to create a
system that would help the user to reflect on her stress levels and stress patterns. It would
use body sensors to gather data which would be represented in some kind of digital artefact.
The system should show the data in real-time, the data representation should mirror the life
of the user and she should reflect on the visualization of the gathered bio sensor data and
be able to make changes in her own lifestyle. There should be no diagnose in the system,
the interpretation should be left for the user to carrie out.

The Design Space Since the design space conceptual tool model does not work on
the supposition of that there is a problem to solve, the design process of Affective Health
will be studied as if there was a solution that the design team has been trying to find, by
exploring the design space. The design space was investigated by the members in the design
team who consisted of members with different backgrounds.The ability to explore the design
space increased when the members with different knowledge shared their thoughts and ideas
to get a shared view over the design space.

Exploration and experiment The design team used many different methods to explore
the design space, with the goal to find a solution to their design task. They used influences
from the already developed Affective Diary system, used brainstorming to come up with
ideas, experimenting with sketches of possible representations. They were also exploring the
user needs with a wizard-of-oz study to gather knowledge, share ideas and find out the user
needs. Through analyzing developed sketches the team came to know more about the design
space and could take the project forward looking for a possible solution. A Hall of Fame
study was carried out to explore further and the design space was narrowed down to three
concepts. The work carried on using different methods such as prototyping, lo-fi user tests,
implementation and a why-why-why? study, to explore and experiment to find a solution
for the concepts and ideas that would lead to the final version Affective Health. The turns
and the changing paths of the process was a result of gathered, new and old knowledge of
the members within the design team. With new knowledge of the design space, new ideas
were born which turned the process in other directions than it first was planned for.

Constraints The design space of Affective Health was limited due to constraints that
was successively added to the project. At the beginning of the project the constrains were
the usage of body sensors to gather relevant data, and some kind of digital artefact to
visualize the data on. The system should also be inspired by the Affective Diary project.
Since the design work proceeded more and more constraints were added; use a mobile phone
and computer, gather the bodily data of pulse, galvanic skin response and movement, only
use mobile phone to visualize data, the system should not give diagnoses, it should be
seen as a mirror for the user and so on. Implementation constraints were also added when
a specific mobile phone has to be used which required a certain software for developing.
Time and cost and the restrictions of the designers and developers were other restrictions
to the design process of Affective Health. The further the project developed towards an
implemented concept, more and more constraints were found and added to the process.
These constraints together with the exploration and experimenting shaped the design space,
and resulted with a solution - the implemented Affective Health system, which lies within
the design space.
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4.3 Conclusions of the application of design processes

Small adjustments were made on the Affective Health design process to be able to fit these
three design process approaches on to the Affective Health project. This can be seen in the
graphical illustrations of when the design processes are applied on to the Affective Health
design process. It was possible to apply these design processes retrospectively on to a design
process of a research project. The fact of that all the authors talk about that every design
situation is unique should also indicate that every design process should somehow be ap-
plicable to their models of the design processes.

Löwgren and Stoltermans‘ theory of designing the design process in advance is nothing
that has been done in the Affective Health project. Of course the design team has been
working according to some design principles. They have gathered information, investigated
constraints and possibilities with available technology, made sketches, worked with concepts,
lo-fi tests, workshops for idea generation, created prototypes, had user testing, made im-
plementations, user tests and evaluation. The design team of Affective Health has during
the ongoing design process gotten more ideas, new knowledge and from that on tackled
new paths in their work. When Löwgren and Stoltermans‘ idea of a vision, specification
and operative image was applied on to the Affective Health process it was suitable to some
extent. It was possible to group and sort the steps of the Affective Health design process to
suit their model. Moggridge design process was also applicable, since it has no defined way
for the process to progress along. The work of the Affective Health system has not been
linear, it has been developed almost randomized depending on the result from throughout
the process. Moggridge also believe that one have to understand the users and their mental
models to be able to develop a successful design, which the design team of Affective Health
has done through many user studies, interviews and tests.

When talking to the members of Affective Health‘s design team they felt like they have
worked with a somewhat randomized design process. They were leaning on their previous
experience of developing system and products and therefore the design process‘ path has
developed during the actual process, it was not planned in advance. The new knowledge
and what the designers experienced during the work gave them new ideas, they discovered
limitations and constraints which successively guided them to the final implemented version
of Affective Health. Westerlund‘s idea of attacking the solution and not the problem was
something that the Affective Health design team also worked on. They had the idea that
they wanted to develop a system that could visualized stress trends of its users.

The authors and founder of these three models have different backgrounds which affect
the way they see and reason about the design process. Was there a difference when trying
to adapt the design process of Affective Health on to one of these models depending on
the authors backgrounds? When carrying out this adaption, the theoreticians Löwgren and
Stolterman, had the idea of that the designing of the design process is an important part of
the design work. When looking at the research project of Affective Health that is nothing
that has been done practically. Löwgren and Stolterman have also the focus on developing
digital artifacts compared to practitioner Moggridge who refers his model on designing any
type of artefact and believes on a randomized design process which will take its different
directions according as the process take place. The randomization is something that can be
seen in the design process of Affective Health, which supports the practitioners Moggridge
view when carrying out something practically. The practicing theoretician Westerlund has
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the view and the experience of both the practitioner and the theoretician and has combined
them in the development of his design process model. His model is the only one approaching
the solution and also the one method suited to work retrospectively and fitted the Affective
Health project well. When comparing these three models on a practically carried out design
task such as Affective Health, the authors with practical experience and a practical point of
view seems to be more applicable to this kind of research project.

Of course every design process model has its advantages and drawbacks. Therefore it is
important to get to know the different models and learn when to use them. Although it was
possible to apply the research process on to the design process models.

As can be seen in the analysis of the three different design process models described above
in Chapter 4, all the models are somehow, with adjustments, applicable to the Affective
Health project. The three models can therefore describe the design process of Affective
Health, but since the design team has not worked according to any specific design process
the ‘design space conceptual tool model‘ by Westerlund is probably the most adequate to
describe the work of Affective Health. Westerlund‘s model is the only one designed to be
used retrospectively to reflect on the work already carried out. The conclusion of that
Westerlund‘s model was the most appropriate to apply on the Affective Healths system
was also supported through the design teams idea to investigate a solution for a system
which would show the user‘s stress trends. They did not approach a certain problem rather
investigating the possible solutions within the design space. Although Westerlund‘s design
process model suited the design process of Affective Health better, the work will be based
on Löwgren and Stoltermans‘ idea of design qualities as medium for motivating the users
to keep on using a digital artefact. During the course of the in-depth literature study the
aim was also to find a tool which would support the work of developing a new interface
suggestion for the Affective Health system. The design qualities of Löwgren and Stolterman
was the chosen tool for that and is the reason why the further work of this these will be
based on their idea.
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Chapter 5

Design Qualities and User Tests

In the literature study of the three design processes an interesting aspect was found regard-
ing design qualities, by the work of Löwgren and Stolterman [9]. Design qualities can be a
guiding tool for the development of the new interface concept. By using design qualities and
the Design Quality Map as a tool when designing the new interface suggestion for Affective
Health it would guide the development of creating an interface which will be meaningful and
wanted by the users. To be able to work with the Design Quality Map the design qualities
of Affective Health had to be established. The identification of those qualities would not be
enough to develop the interface suggestion, the users experiences when using the existing
systems have to be considered and thought of as well as the design challenges when devel-
oping the two existing interface concepts (Layer and Spiral). Analysis of old user tests and
interviews were used to capture those things, and a new user study was carried out with
some of the Affective Health design qualities in mind. Time is an interesting aspect in the
process of developing a new interface since all the bio sensor data has been tied to time in
the existing interfaces to mirror the everyday-life of the users. The issue of time visualiza-
tion was kept in mind when elaborating the design qualities as well as in the analysis of the
user tests. The result of analyzing the old and new user tests was brought further in to the
development of the new interface suggestion.

This section consist of three parts. The first part is the theoretical identification of
Affective Health design qualities. The second part includes the result from the old user tests
and interviews from the Affective Health project which are analyzed with the aspect of the
identified design qualities of Affective Health. Part three includes the process and analysis
of the interview study and user tests which has been carried out throughout this master
thesis.

5.1 Identification of Affective Health‘s Design Qualities

The identifications of the design qualities of the Affective Health system were established and
arranged according to Löwgren and Stoltermans‘ Design Quality Map. Vaara, supported the
work of establishing the design qualities, since she has been a part of the Affective Health
design process and had knowledge of how the qualities had developed. This was made to
generate qualities which would support the work of developing a new interface suggestion
for Affective Health.

33
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5.1.1 Result and Discussion of the Design Quality identification

Design Qualities is a concept that exist in some way in all design projects. Qualities that
the designer, the client or the user want the product to measure up to or deliver. Löwgren
and stolterman describes them to be seen as tools for questioning, elaboration and making
choices in the thoughtful interaction design. The design qualities of a product or system
development are not ways of how to carry out the actual design, but it is a resource for the
design team to know what qualities to included in the artefact. The feelings that should be
transferred to the user, and the experiences that the design team aims for the product to
have can be generated with the support from the design qualities [9]. Affective Health has
also been working with design qualities throughout their design process. Those qualities have
been changed and developed during the different phases in the design process, depending
on what directions the system was leaning towards. The design qualities of Affective Health
are;

– empowerment

– self reflection

– identity/mirror

– subjectivity

– trust

– attraction and beauty

– no diagnose

– the user is the interpreter

– ambiguity and openness

– biofeedback-loop

– fluency

– aliveness

– map bodily reactions

– non intrusive, wearable

– creativity

To organize these design qualities to see what they are aiming for to the user, the Design
Quality Map of Löwgren and Stolterman is used.

– The use qualities on the left of Figure 5.1 deals with motivation to continue using
Affective Health. Empowerment is a design quality which can be found in this group
and should empower the pattern recognition for the user, so that she can relate them
to her everyday-life and the patterns should help the user to distinguish stress. The
system should open up to self reflection for the user, which is created with an interact-
ive history of the prior states. The system should appear as a mirror and be perceived
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Figure 5.1: The design qualities of the Affective Health system organized in Löwgren and
Stoltermans‘ Design Quality Map.

as a representation of one self i.e the individual life of the user. The motivation to
keep on using Affective Health is that it includes subjectivity and is a product that
represents the bio sensor data in a way that is subjective for the user, that it gives a
feeling of being individually adapted. The user needs to be able to trust the system
and trust the values displayed on the interface actually are real and trustable and that
the collected data will not be spread or used in a way the user does not approve to.
Beauty and attraction are also qualities which will satisfy the user so that she wants
to use the system again.

– The use qualities in the centre group of Figure 5.1 deals with the immediate experience
of interacting with Affective Health, as well as the user‘s handling and perception of
the system. The system should provide for a biofeedback loop, which means that
the user should, when interacting with the system, be able to see their own bodily
reactions in real time. The interactions with the interface should be answered by the
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system and its interface, i.e when the user preforms an action to carry out a certain
task with the system, the interface should response to the interaction and also respond
in the way the user expect it to. Pliability is also an important design quality, which
the qualities aliveness and fluency in combination are trying to fulfill in the Affective
Health system. That is what is argued in the article ‘Mind the Body! Designing a
Mobile Stress Management Application Encouraging Personal Reflection‘ [14] where
Löwgren is the reference. To elaborate the pliability concept, Löwgren describes the
quality of pliability as a way to characterize the degree to which interaction feels
involving, malleable and tightly coupled. To achieve pliability the user should perceive
and experience the interaction to be fine-grained with a tight coupling between action
and outcome and give a tactile sense of manipulating a malleable digital material [8].
The representations of the bio sensor data in the two implemented interfaces improves
the aliveness through a pulsating, separate, organic object that represents the pulse.
The visualization is using a pulsating movement to connect to the well known concepts
of the rhythm of a heart, but also that the data is moved in time. Affective Health‘s
design team has found that to have an active interface which is pleasant to interact
with, it is important that discrete states are avoided and the data is visualized in a
fluent way. In the two interfaces there are smooth, slowly changing transitions to create
a fluency, i.e the visualization over the present and the history is connected and has a
fluency in the transition from present to history. Similar smooth transitions are used
with the colors when they change from one state to another. Real-time information
from the bio sensors are visualized with real-time changes in the two interfaces [14].

– The use qualities on the right of Figure 5.1 concerns user‘s interactions with Affective
Health and the outcomes on a broader social level. The quality of empowerment in
this group is still to provide for data visualization which could empower the users
ability to find patters in the data and connect that to activities in their everyday-life,
for them to be able to distinguish stress. If that is lacking, the user will not be able
to take stand and really reflect over their life-style and their stress levels which is
the aim with the Affective Health System. Another outcome on a social level is the
quality regarding self reflection, where the idea of the system is that the user shall
adapt the behavior or reflect over her own behavior over time. Therefore it should
be an interactive history integrated in the system to invite for self reflection. Identity
and mirroring are also important qualities, where the user should be able to identify
herself with the system, with its representations in the interface and feel that what
is portrayed in the interface is a mirror of her own life. The aim of the system is to
not diagnose the user and the gathered bio data. On a broader social level the user
needs to trust the system, that the gathered and visualized data is ‘true‘ and reliable.
Creativity is a design quality which is important to mediate to the user. By using and
interact with the system and study the patterns of the user‘s life, the user shall be
able to create her own stories about her own life.

– The group of qualities at the bottom of Figure 5.1 can be said to represent mediations
of mirroring lifestyles in Affective Health (mediation of structural qualities in Affective
Health). It is important that the quality of mapping bodily reactions are achieved,
so the user can map the visualization to her everyday behavior. The system needs to
mirror bodily experiences over time and also be non intrusive and wearable without
disturbing or annoy the user in her everyday-life.

– The group of qualities on top of Figure 5.1 deals with the meaning created by the user
in relation to Affective Health. Creation of meaning should also be done by the user
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in Affective Health. The system does not provide any diagnose to user, it is up to the
user to diagnose herself by interpreting the visualized data. By using an interface with
openness and ambiguity, the user gets more involved with the system through on her
own attempts of trying to read and interpret patterns in the data. Ambiguity opens
up for more engagement, which Löwgren and Stolterman also argues for. According to
Gaver, Beaver and Benford (2003) the ambiguity is not a threat to human-computer
interaction, it is rather a resource for encouraging close engagement with the digital
artefact. Ambiguity can create situations where people are forced to participate in
order to make some meaning of what they perceive and experience. Ambiguity can
also lead to inherent pleasure and deeper conceptual appropriation of the design [9].
When using Affective Health it should be a bit of a challenge to interpret the data,
and the interface should therefore also be open and let the interpretation take place,
so the user can be engaged.

Some of the Affective Health design qualities can be found in several of the map groups
because they are qualities which affect the user and her experience when interacting with
the system in more than one way. It can be the immediate experience of interaction or the
experience on a broader social level and during longtime usage. These design qualities mo-
tivates the users in more than one way to use the digital artifacts. Aliveness and fluency are
also underlying design qualities which are involved in all the groups of the Design Quality
Map somehow even if they are not marked in the design quality map of Affective Health.
To be able to feel the fluency, i.e that the data of the present smoothly transforms and
becomes the history in the interface, the design team of Affective Health has worked with a
continuous flow in the representation of time. Just as the human in her real life, where the
present has a connection to the past with a smooth transition in between. To be able to
achieve some of these deign qualities aliveness and fluency has to be integrated to mediate
the other qualities to the user of the system.

When developing the new interface concept of the Affective Health system the deign
qualities of fluency, aliveness and subjective time will be in focus.

5.2 Analysis and Evaluation of Old User Tests

Since the Affective Health project has been going on for almost two years and two inter-
active interfaces has been developed and implemented to the system, several user test were
conducted throughout the design process. An analysis of these user tests was carried out
focusing on the major challenges with the interfaces regarding the visualization of the bio
data over time, fluency and aliveness.

The idea was to find what the users of the system had experienced when using it regard-
ing to the chosen design qualities. The result from the analysis and the interpretation of
the interview material would support the work with developing a new design suggestion for
the Affective Health interface - an interactive sketch prototype.

With focus on the chosen design qualities of Affective Health the transcriptions from
the interviews were analyzed to find comments from the users and experienced situations
which reflected advantages and problems. The first interviews were carried out on the Layer
interface, and there was three interview transcriptions available from that study. Six inter-
view transcriptions were available from the user tests of the Spiral interface. The aim of
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the analysis was to reveal advantages and problems in the interface, regarding the chosen
design qualities.

5.2.1 Result and Discussion of the Old User Tests

In the evaluation of the two different prototypes it has been shown that there exist design
challenges regarding the subjective time and the time representation in the Layer and Spiral
interfaces. The users wanted to be able to see the data over wider time spans in both in-
terfaces and be able to compare the data they found interesting, not necessarily the time
periods in succession of each other. The interfaces and its visualizations has to feel alive
and have a fluency to guide the user to perform successful interactions and to understand
what it is she is looking at. The perception of time is different from person to person, and
all users had their own ideas of how they would like to have the bio sensor data visualized
over time. Color transitions was found to be a good tool to use to trigger changes and to
make the user aware of that something has changed.

The two different interfaces of Affective Health has been tested at separate occasions
and in different phases of the Affective Health design process and are therefore presented
separately.

The participants of the studies are referred to as P1, P2 and so on. There were three
participants in the Layer interface user test;

– Test person 1, female = P1

– Test person 2, male = P2

– Test person 3, male = P3

The Spiral user test (performed by Fredrik Hernegren [5]) consisted of six participants
referred to as;

– Interviewee A, male 25 years old = P4

– Interviewee B, male 27 years old = P5

– Interviewee C, female 22 years old = P6

– Interviewee D, female 25 years old = P7

– Interviewee E, female 26 years old = P8

– Interviewee F, male 27 years old = P9

Layer concept

The analysis of the Layer user tests and interviews resulted in some interesting aspects of
how the interface concept could be developed. It seemed like the system could emphasize
certain situations, as when P3 mentioned that he felt a bit exposed when wearing the system
on a date. When he felt nervous and a bit stressed the system pointed that out when showing
red colors in the system. Wearing the system in front of others could feel a bit intimidating
and private. The aliveness seemed to be there in that case where the system reacted on
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changes just as the user changed his feelings. The representation of time in the system
was experienced to be too short when only minute for minute view was available. The
users P2 and P3 did not use the history to reflect, and one reason was that P2 would have
wanted to see the data over larger periods of time. It also seemed like test person P1 had
difficulties when navigating between present time - history - and present time again which
could indicate that the fluency in the interface was lacking. Examples from the interviews
which indicates these interpretations are listed below.

– When reflection over the interface and the data representation P1 believed it was a
bit hard to browse between present time - history - present time again.

– The experience of the time representation differed between the users. User P3 did not
use the history of the data, but it still gave him meaning to use the Affective Health
system when he could see the present data. Maybe P1 did glance at the history, that
we do not know, but that it is necessary to include history in the system has been
established from an earlier user test, the Vizard-of-Oz study.

– One comment was indicating lacking of aliveness in the interface since the users ex-
perienced that nothing was really changing in the survey. P3 said ‘I was expecting
more change, yeah, so the first time I actually went to the history I was like, okay,
so nothing really happened‘. It seemed like the aliveness could be lacking when the
data visualization did not change over a long time and the color was the same. Small
changes was not noticeable in the interface. It could indicate that the interpretation
of the interface did not feel alive for the user. Despite this, there was aliveness in the
system when it registered and visualized changes, sometimes the same changes as the
user felt; stress, nervousness and embarrassment, for use P3.

Spiral concept

In the first test of the Spiral interface the Affective Health member Hernegren found that the
users had some problems with understanding the spiral object displayed in the interface.
There were problems with figuring out the chronological order of the data, what comes
before and after each other, i.e. where is the present state and the history represented in
the interface [5]. This could indicate that the interface is lacking of aliveness and fluency
since there is no immediate way for the user to find out where the time is represented, where
the data does start and end. Another thing that might be noteworthy from the user tests
was that P4, P5 and P9 believed they would found it easier to understand the order of data
and its behavior if they would observe it over a line, a linear data representation. This was
taken in consideration when developing the new interface suggestion. At the same time P6
liked the spiral medium to visualize time since ‘it could address laypersons better since it
is not just a lot of graphs‘. P8 believes that a calendar function would make it easier to
compare and understand the data visualized over time, but this is just another indication of
that people perceive data in different ways, they perceive data subjectively over time. User
P6 said that she believed it was hard to know what happened where in the spiral, which
could be an indication of fluency problem.

5.3 User Study and Interview

The preparatory work for the development of a new interface suggestion for the Affective
Health system was ended with a user experiment. This was done to explore further and get
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more substance and knowledge of how time is perceived, how people look up on the time
in their everyday-lives and how the design qualities could empower the data visualization
over time. The user test was also carried out to reveal the experience the users had when
wearing the system. Parts out of Robert S. Weiss‘s book, ‘Learning From Strangers - The
Art and Method of Qualitative Interview Studies‘, was studied to learn how to carrie out
good qualitative interviews. What Weiss means with qualitative interviews are the inter-
views where the questions are open ended and invites for a variety in the answers. These
studies are more of an investigating kind, where question and attendant questions are ad-
justed and added depending on who the interviewee is. The interviewer should be prepared
on the questions she should ask and shall not force the answers neither guide the respondent
to the wanted answers. Each of the respondents are expected to provide a great deal of
information in a qualitative interview. Qualitative interview is a different kind of interview
compared to the quantitative interview, which aims to categorize and compare things, they
have standardized precision e.g twenty percent of the people had a TV at home, compare
to eighty percent who used their computers as TV instead.[23].

Since the access of the Affective Health system was limited, the user study was only
carried out with three persons. Therefore the gathered data and material is considered to
be inspirational material for this thesis and the development of the new interface concept
rather than an assured study.

To get an understanding of how it was to use the Affective Health system it was worn
during a day, see Figure 5.2.

Figure 5.2: The Affective Health system worn by the author of this master thesis. In this
picture the Spiral interface was used.
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An interview form was created with the idea of exploring how people perceive time and
get even more thoughts and comments from users who tests the Affective Health system(with
both of the implemented interface concepts). The user test and interview were formulated
with the idea of asking the test persons questions about time and giving them small inter-
action tasks with the interfaces of Affective Health. The interview started with questions
about time and an illustrations exercise on how time is viewed. Next task for the user was
then to test the Layer concept, and perform a few interaction tasks. The user should test
the system without the sensors and would interact with already recorded data because the
aim of the study was not of wearing the system rather of how time was perceived in the
interface. Same procedure was repeated with the Spiral interface concept. The user test
ended with a physical task with paper prototype models were the user should place different
moments in time. The idea was that the test persons should study the paper models and
place present and past time, but also events occurred in the history of time. Another task
was to carry out the exercise on a pice of electric cord(used in the same purpose as if a
string has been used).

The set up was tested in a pilot study, where a full time working 25 year old man was
used as a test person to investigate wether the interview and the user test were suitable
enough or if it had to be changed to result in better material for the study. When the pilot
test was performed and the result was analyzed, the set up was modified. The paper models
should be used before the user had the chance to see or interact with the interface concepts,
in the pilot study the test person felt affected from the interface concepts when he should
described how he looked up on time in the models. The task where the thin cord was used
to illustrate the perception of time the material was replaced with another material. The
cord was rather unadaptable and invited to illustrate time in a straight, linear way. It was
replaced with a small malleable wire instead which was given to the interviewees raveled
up, to not invite to any kind of predeterminate time perception. The questions asked were
changed to not guide the user to the wanted or desired answers. The questions also got
more open ended and were changed to focus more on aliveness, fluency and subjective time.
Another important aspect was added to the test, the test person was wearing the whole
system with sensors for Arousal (GSR), pulse and movement. That was added to empower
the test persons feeling of that the data perceived through the interfaces were actually their
own, that the system where using their bodily data.

Two persons then participated in the test, one full time working woman and a full time
working man. The interview formulary can be found in Appendix A. To gather as much
material as possible the interviews were recorded, parts of the interaction tasks were filmed
and pictures were taken. All the gathered data was analyzed in regard to the chosen design
qualities of Affective Health(subjective time, fluency and aliveness).

The participants of the study are referred to as;

– Pilot test, 25 years old = P10

– Test 1, 54 years old = P11

– Test 2, 56 years old = P11
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5.3.1 Result and Discussion of the User Study

The result was summarized and the interesting aspects were interpreted together with Elsa
Vaara and are presented in this section.

Relation to time

Out from the interview material the conclusion was that people perceive and experience
time differently depending on if they are at home, or if they are away and having a lot of
things to do. There was a feeling of that time affects people wether they like it or not,
because everything in the society is somehow caught up on time. This could indicate that
the perception of time can be forced, and if the society is controlled by time, the people are
too and they might therefore experience a forced time perception. When the user P10 was
short on time he felt like he had to plan every action to be able to keep up with the things
which had to be done, but when there was much time it invited for spontaneous actions and
not so much planning. When asking the question of memory, and if the interviewees could
talk about an event they remembered P10 answered ‘Strong events that you remember are
those memories where you felt great happiness or sadness I would like to say. And above all
events that you never experienced before‘. A memory trigger was to think about happenings
which included deep feelings of some kind, which all participants tied up their stories on.
Both P10 and P11 used age tied to memories, a comment from P11 was ‘When I turned
50...‘. In addition memories seemed to be tied up on persons, places and the activities
carried out. The way the participants talked about their memories was in some way with
a linear time perspective, first that happened, and then that and so on. Although, P12
described the content of the memory in cycle, where he mentioned the ‘greatest‘ things first
and then he jumped back in the history to add more details. It is time jumping but on a
time linear basis anyway.;

Figure 5.3: The picture illustrates how P12 described a memory of when his first son was
born.

– P12 described his memory of when his first son was born in this way: 1. My wife took
a pregnancy test, we were going on a mountain tour. The test was positive and that
was a huge kick! 2. Going mountain climbing...walking.. 3. Happy, and a backpack.
And I had a happy wife as well. 4. And then the long waiting when everything is new
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and when you go to the hospital. 5. And of course you have the whole process before
also, when you are in the parenting group. 6. And then a boy is born and it was SO
FUN! 7. And then everything around that, our friends had children,we were a large
group of parents and all these little kids. It was a very happy time! Everything was
new and there was a lot of things going on. 8.Then it was time for child number two
and everything was repeated, but in another way. See Figure 5.3.

On the question on wether the person looked up on herself as a person who has a lot or
a little of time in her life the answer from P11 was ‘It is hard, it depends on what periods
you think about. Yes but I have pretty often much to do since I take care of my dad on
a distance, but then of course there are days when it is not so much going on at home‘,
‘depends on if you haven‘t been at home for a while‘, which also can be interpret to regard
the subjective time, that time is perceived different depending on the person, the place and
the situation.

As Wigerfelt explains there are several ways to look upon time, and he claims that the
linear way to perceive or reflect upon time and events in time is common in our modern
society, which also can be seen in this study. The test persons perceive time tied to some
kind of linearity. Both as Le Poidevin and Wigerfelt discuss the future is important in a
persons life and something one strive for, which also can be seen in this study where P11
and P12 perceive their time with a future which is there to come [25, 13].

Layer interface concept

Fluency issues in the data visualization was detected when the user did not understand how
to get back to the present time when browsing through the history layers. The user would
like to be able to compare different moments over time, which empowers the idea of that
time is subjective, ‘Alternatively that you might want to compare different, the same time
interval with several different days through some function, e.g to see how you felt during
breakfast for this whole week maybe‘, P10 said. Animation in time is a sensitive area since
that might confuse the user if one interprets it in another way then it was thought for. It
can call for attention and make the impression of that something is going on at the moment.
That was what happened with user P12 who found the pulse symbol in the history of Layers
to be disturbing since it was pulsating on a high frequency. Instead of observing the visual-
ized state of himself he was focusing on an animated symbol in the history. Despite that the
animation could also contribute to aliveness in the interface and mediate an emotion when
it is combined with a shape [16].

Regarding time changes, color can trigger changes, the user P12 could see the different
color changes and understood that they were separating something, dividing or that they
represented different things, e.g color data over time. The problem in this concept is that
the colors are represented in chunks (defined areas where the color changes abrupt and not
smooth in a transitions). The chunks does not appear fluently and therefore the continu-
ousness could be lacking. The chunks could for example instead represent different events
of different times, in this case of bio sensor data over time.

The idea of having a calendar function implemented in the interface is a comment which
Affective Health has gotten as a suggestion from user tests, but it might cause stress instead.
A calendar is a part of our structured and time focused everyday-life. Affective Health is
about watching yourself, going inside, reflecting upon our everyday-life and stress, not to
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keep the everyday-life in order. P11 in this study said the she liked it more when things
happen spontaneously and not planned, which also has to do with the subjective perception
on time.

Spiral interface concept

The users had a hard time trying to finding history and present time in the Spiral interface.
For example when P10 tried to find a specific time clip there was a lot of tapping here and
there to find it, see Figure 5.4, and the interpretation was that it indicated time line issues
in the interface.

Figure 5.4: User P10 have problems trying to find a specific time in the interface. He needs
to tap around a lot to figure out where that specific time is represented in the spiral.

The visualization of the data over time did not indicate where a specific time was por-
trayed in the spiral. Relative data was a detected issue in the Spiral interface concept since
the user did not understand how much time every cycle of the spiral contained. The radius
of each cycle was also different, but it did contain just as much data (e.g the cycles did
contain one hour of data each, although they were of different size ) which did not make
sense to the user. This might have to do with the association of the spiral and its movements
as a watch. The spirals movements reminds P11 and P12 of a clock ticking forward, and
they might then expect the data in the spiral to have same properties as a watch.

‘It feels naturally that the most resent data appears in the middle of the spiral and you
understand quite soon that the data is transports away, out in the spiral‘ P10 said. P10‘s
comment might indicate that the aliveness and fluency could exist and was good in that
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aspect.

Paper model test

From the exercise with the paper models some interesting aspects were found. The material
for this test is shown in Figure 5.5.

Figure 5.5: The material for the user test on time visualization and perception. Four
different paper models with cycle and circle pattern, post-it, wire and a cord.

How people look up on time is different from person to person. The present time was
placed in ways so the observer had that part of the time closest to them self and the history
and the past was placed further away. Since the history is not what is happening at the
moment, the things that belongs to the past took place some while ago. Two out of the
three participants (P11 and P12) in the study perceived time with something present, a
history but also a future. A future not foreseen, but that has an important part in their
lives since the life does not stop at present. This section will show how the participants
acted in the tasks, and how they look up on and perceive time.

Figure 5.6: P10 placed the pink label, representing the present, closest to himself in the 3D
spiral. The green label of the history was placed in the bottom
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Present time in 3D models is seen to be closest to the observer and the history/the past
is further away according to P10, see Figure 5.6. The data of the present time and the data
close to the present could be seen to be most important at the moment when glancing at
the interface, i.e the data representing the user‘s status at the moment.P11 and P12 talked
about a future and that their life does not stop at the present. They also placed the time
stamps on the paper models with an unwritten future, where the future had a place in the
time space, see Figure 5.7 and 5.8. Could it be that the Layer and Spiral interfaces impedes
the fluency when they stop at the present and do not include the future?

Figure 5.7: P11 visualized the yellow label of the present on the upper half of the cylinder,
leaving room for the future on the top. The future space indicates that there is more life to
come. The past is at the bottom of the cylinder and the trips to Paris are placed in between
the past and the present.

Figure 5.8: P12 placed the yellow label of the present at the upper half of the cylinder,
leaving room for the unwritten future above the present. The orange label of the past is
placed at the bottom of the cylinder.

‘I look up on time as linear, and then I can zoom in on... the more details I want to
have. So in this case if you look at the big trips to Paris I would have zoomed out, and
those times I have met Tomas in the morning, those would have been filtered away because
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they did not mean as much to me as the trips to Paris‘. This was a comment from P10 on
the task where he was going to visualize time with a small cord, see Figure 5.9. This also
support the idea of that time is subjective. He wanted to choose what parts to view in more
detail and those parts more important to him should take more place in his perception of
time.

Figure 5.9: P10 (in the pilot study) placed the pink label of the present at the left end of
the cord. On the other side he placed the green label of the history. He explained that
the history began just when the present stopped, so everything to the right of the present
belongs to the history. The yellow and orange labels were events which had taken place
some time in the past.

P10 mentioned that he looked upon time in a linear time span, on the other hand P11
illustrated her time line as a crocked, snaky timeline where events in the history was placed
on peaks, see Figure 5.10. She used the expression ‘the kringelikrokiga way of life‘, which
could indicate that life is not something that goes on straight forward without any bumps,
joyful leaps or unexpected happenings.



48 Chapter 5. Design Qualities and User Tests

Figure 5.10: P11 put the orange label of the past at the left end of the wire and the present
label at the right end. Events taken place in the past were placed on peaks.

P12 visualized his view of time in a similar way as P11, but the size of the peaks where
changing depending on how long time the events were going on. P12 also let his timeline
develop in a third dimension, and at the present the wire was pointing up upwards, and
there was a place in front of the present where the future should take place, see Figure 5.11.

Figure 5.11: P12 put the orange label of the past at the left end of the wire and the present
label at the right end. Events taken place in the past were placed on peaks with adjustable
sizes depending on the duration of the events.
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5.4 Conclusions of User Test Analysis and Design Qual-
ities

The design qualities and Löwgren and Stoltermans‘ Design Quality Map is an efficient tool
to use when establishing what design qualities there is within the system and what the are
trying to mediate to the user and to the system as a whole. When organizing the design qual-
ities between the different groups in the Design Quality Map one get a better understanding
of what aspects to focusing on when developing or redesigning the system. Subjective time,
aliveness and fluency were the chosen design qualities to focus on when developing the new
interface suggestion for Affective Health.

Time is a tool which affect how people perceive and experience different interfaces and
visualizations. The way things are tied to time, and what type of time they are tied to(linear-
, cyclic- or periodic time) affect how the user can relate to the interface, especially when
reflecting up on a system which are supposed to mirror the behavior of its user. The issue of
subjective time is a difficult problem to address when developing an interface, and especially
when the system is going to be used by different users. When analyzing the user test material
and reading the work of Wigerfelt [25], Le Poidevin [13] and Herr [6] it is obvious that time
is perceived differently from person to person, depending on their culture, where they are,
what they are doing and what people they meet, also mentioned by Vaara et al. [21]. The
work carried out in this section is illustrated in Figure 5.12.

Figure 5.12: The figure illustrates the workflow of this Chapter

It was interesting to investigate how people perceive and think about time, both when in-
teracting with the two interface concepts of Affective Health but also when interacting with
paper models and answering questions on time perception. It was a good idea to perform a
pilot test at first to see how the set up would work practically, and if changes should be done
before taking the study any further. As this study showed, questions from the interview
and the order of the tasks had to be modified and changed to generate more providing and
relevant answers for this study. The study resulted in interesting things of time perception
as mentioned above, which was used as inspiration material for the development of the new
interface suggestion.
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Chapter 6

Development of a New Interface
Concept

The idea to this master thesis was to develop a new suggestion of an interface for Affective
Health with the aspect of time representations, focusing on some of the established design
qualities(subjective time, fluency and aliveness). As mentioned before there has been some
design challenges with the interfaces of Affective Health and how to visualize the gathered
bio sensor data over time. The issue of visualizing the bio sensor data over time, in a -
for the user - subjective way is what the main focus is when developing the new suggestion
of an interface concept for Affective Health. The in-depth study of design processes, the
establishment of Affective Health‘s design process, the analyze of the design qualities and the
user studies have all been contributing to the development of ideas of how a new interface
concept might look like. The development of the new interface presented in this section
should then complete the assigned task of ‘Investigating different representations of time in
user interfaces and from the results evaluate and develop a design solution suited to mediate
the design qualities of the Affective Health system‘.

6.1 Method

The interpretation of how the participants in the different user tests thought about time, how
they experienced, commented on and interpreted time was sorted into different groups.The
groups would support the decisions of how to create a prototype which deals with the design
quality issues. Results from the user study analysis were also many comments of featured
functions and ideas of how data could be visualized over time. Since those comments could
not be considered to be established to work better than the features of the existing inter-
faces, these comments were used as inspirational material for the new interface suggestion.
Sketches of possible solutions and ideas of interface representations from the Affective Health
design process was studied. To create an even broader picture of how time visualizations
could be portrayed, a study of related interfaces and graphs found on the Internet was
conducted. The gathered knowledge of the Affective Health‘s design process, its problems,
benefits and worked through material resulted in 3 different design concepts. These three
concepts elucidates how data can be visualized over time and are solving some of the is-
sues identified from the Affective Health design process. The sketches are also dealing with
fluency and aliveness. The subjective time idea was applied on to the concepts, and new
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suggestions of how to solve the issue was brought into the concept sketches together with the
time feedback generated from all user tests. The three concepts were discussed together with
the interaction designer Elsa Vaara and a final concept version was chosen to be implemen-
ted in a user prototype in Adobe Flash - ActionScript 3.0. Chapter 6 consists of eight main
headings; The grouping of the user test material, Study of related interfaces visualizations,
Development of the three concepts, The chosen concept, Implementation of the interface
suggestion, Method description of the ActionScript code, Limitations and Conclusions.

The following sections presents how and what was done to generate a final suggestion
for the new interface concept of Affective Health.

6.2 Grouping the User Test Material

To clarify what would be interesting to focus on when developing a new interface suggestion
to the Affective Health system, the result from all the user studies performed was grouped,
see Figure 6.1. The material includes how time was perceived by the participants, what
associations that was made to the Layer and Spiral interface, aspects indicating fluency and
aliveness with both issues and benefits, etc.

Figure 6.1: The picture shows how the material from the user studies was grouped.

It would have been hard to develop an interface suggestion that would have covered or
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dealt with all aspects in every group, therefore the focus for the new interface suggestion
was chosen to include a few of them, most relevant for this development. The chosen groups
were Subjective time, History/Memories and Time perception and the established design
qualities of Affective Health.

Ideas and inspirations for a new interface were also generated from the user tests and
interviews. Some of them are listed and interpreted below;

– A better overview of the data, to be able to see data over several days at the same
time(P2).

– To trigger the user‘s memory of what activity that took place at a certain time in the
history, traces in time could help the user to remember according to P2. It could be
done with the mobile phone traffic of SMS, emails, or with GPS to track the users
position at a specific time. This aspect regards the user‘s subjective perception of time
and context data could be added to tag the data (P1).

– The user P1 wanted to be able to see the data over a larger time span to see when a
stress peak was starting or fading out. The interpretation is that there could be bad
fluency and the user could not just glance at the interface to see if she is entering a
possible stress peak or calm state.

– P2 and P10, wants to be able to compare chosen parts of the history, not necessarily
the ones in succession of each other.

– Color indication and transition could be good ways to represent state or level changes,
the user understands that calm colors were represented by blue and green, and that
the colors of orange and red was indicating higher, more stressful values, according to
how P12 experienced the color transition.

– ‘You know when you adopt a pet, first time you kind of need to learn each other,‘ P3
said which indicates that users can be willing, and sometimes have to, try the interface
out and learn its functionality when she is new to it.

– The aliveness of the system on a broader level can emphasize situations, if one feel
nervous or stressed one might not want to show that to other people who might also
glance at the interface. This was shown when P3 did not want to use the system when
he was nervous and going on a date.

– Hernegren recommends to use symbols/objects which are more familiar for the users
and therefore it might be easier to interpret, when creating such a system as Affective
Health[5]. E.g the visualization of the data could be portrayed in some kind of graph.

– P8 and P10 suggested that it would be nice to have some calendar function that could
give a better overview of the data, and make it easier to interpret.

– One comment from P10 was; ‘In the case with this product, and the case of just
detecting pulse and different variations, you might split it up, so if the pulse suddenly
increases over a longer period of time, then it might not be very interesting to know
the exact time of when it happened, even if you also would like to be able to get
that information, if the program automatically divides the data in different chunks, or
different time spans, different measured values‘. This idea could be interesting to have
in mind when creating a new interface concept on subjective time, where the time is



54 Chapter 6. Development of a New Interface Concept

based on slightly interpreted data. The system would then interpret very basic things
such as long periods of calmness or long periods of ups and downs. Although this is
against Affective Health‘s basic idea of not diagnose or interpret the data, those parts
should be left for the user.

– The data could be displayed in a circle diagram, where the circle represents the hours
and minutes of a day. The idea was mentioned by P12 who relates the idea to the
Swedish ‘sockerklockan‘, see Figure 6.2, where you get an overview of the data as a
analog watch. It is an expression different from linear time where the AM/PM time
could be used to get 12 hours view.

Figure 6.2: The Swedish ‘Sockerklockan‘, translated to the ‘Sugar watch‘ that is used to
visualize when a person should have her meals during a day to keep the blood sugar level
balanced. Dentists also recommends this model to reduce the acid attack on the teeth. The
illustration is made on the idea of an analog watch.

– The idea of having time split up in sections in the 3D paper models was supported by
P10.

– The data visualization over time could be grouped or arranged in some way. An
interesting aspect could have been to arrange the data over events or people you
meet, to empower the feeling of time subjectivity. Would there still be fluency in the
interface?

6.3 Study of Related Interfaces Visualizations

Interface sketches from the Affective Health project by Anna St̊ahl and Elsa Vaara was
studied to get new approaches on how data could be visualized over time. Some of these
sketches of how the bio sensor data could be visualized are shown in Figure 6.3.
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Figure 6.3: Some of the interface sketches created during the design process of the Affective
Health system.

The interfaces have different approaches on how the bio sensor data could be visualized
over time, where the movement, the arousal and the pulse could be distinguished. The data
are visualized over timelines, over places and activities in time (emails, SMS), or over shapes
or blocks in time. The circle formed sketch is recognizable from the implemented Spiral in-
terface, and diagonal divided interface we recognize from the Layer interface. Where the
bio sensor data has been divided in shapes of events over time, the interfaces have another
expression that deals with subjective time. The shapes are added depending on what the
user is doing, and what happens in her mobile phone (who she gets mail from etc.), and are
then supporting the user to remember what she did and recognize patterns in the data.
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There exist a lot of other graphs and time visualizations, and a brief sweep through was
made on the internet to get influences on how data visualization over time can be made.
Some of these graphs, illustrations and interfaces can be seen in Figure 6.4.

Figure 6.4: Five different inspirational images that shows different kinds of data over time.
The internet addresses listed are the webpages where the images can be found.

All of the visualizations are illustrating data over time, but in different ways. In the first
image there is a visualization of the US labor force by profession, 1950-2000. The data is
visualized in a graph, where the time is on the x-axis and the percentage is on the y-axis.
The second image visualizes a time schedule of a movie award event over a linear timeline.
The user can use a slider along the timeline to chose what time span she wants to have a
better look at. Above the timeline the selected timespan‘s information appears according
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to the events in time. Image three illustrates how many people who travels with the green
subway line over a day. The illustration is shown over a linear timeline at the bottom, but
also on o 24hour watch at the top of the image. In the fourth image the pie chart visualizes
the oil price from ten years (1999-2008) and the main events which affected the price of
the oil from that time - Linear time visualized over a circular pie chart. The last image
is a visualization over the weather forecast, where many types of data are combined in an
understandable and rather easy way. The graph shows the temperature, wether there is
sunny or cloudy weather, if there is going to be precipitations and in such case how much
and in what way the wind blows for every hour of a two days overview.

Inspirational parts from all these visualizations of data over time was brought on to the
further work of developing a new interface suggestion to the Affective Health system.

6.4 Elaboration of Three Interface Concepts

Three sketch concepts were developed with the focus of subjective time, fluency and alive-
ness. The sketches were a result from the study of the whole design process of Affective
Health, the analyzed material from old user tests and from the user test on time perception
carried out in this thesis. With influences from some of the Affective Health sketches and
the ideas generated from the user tests three concept suggestion were developed.

Figure 6.5: A first concept developed from ideas and simple sketches.

The concept in Figure 6.5 is a suggestion with context data. Context data from SMS,
emails or phone calls could tag the bio sensor data to help the user to remember what activ-
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ity that was carried out during a specific period of time. In the future the mobile phone
with the Affective Health system in it could sense if the user passes the subway gates or
enters a certain building. The concept of context data was not brought any further since an
aspect of that already has been investigated by the members of the Affective Health project.
This concept included ideas of data visualized in a bar chart with linear time, and an idea of
how data could be visualized through pie chart and an analog watch. The user could then
choose if she wanted to view the stress peaks, the calm states or so, to deal with the time
subjectivity. The fluency will be there since the data is placed and added in the pie chart in
the same way as the time in an analog watch and the data will be relative, i.e equal pieces
of the circle will include the same amount of data.

Next concept developed was the one in Figure 6.6. This concept has the idea of a linear
time line, where the user could chose how much of the time line she wants to have more
information about. The selected data would then be displayed on a more detailed level,
divided in shorter time blocks to deal with the subjective time issue. This concept would
deal with Affective Health‘s design challenges with scrolling in time in the Spiral which does
not feel intuitive. In this suggestion it would be easy to find a certain period of time and
easier to compare the data over time. If the user is able to see data over a wider time span
the problems of finding stress trends (going in or out of a stress state) would be dealt with.
The aliveness would be supported with constant updates of the data over time, and the
fluency would be included since there is a constant time line, which the user can access data
from at all time.

Figure 6.6: A second concept developed from ideas and simple sketches.

The third concept developed was one inspired of music notes, the timer function of
Apple‘s iPhone and the idea to visualize time in the way P10 showed in the user study,
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which can be seen in Figure 6.7. The idea is to fill each line of the cylinder with data
of a specific period of time. The user can then scroll back in time to compare the data
with the history data to find patterns and interpret their life style. Each line will include
the same amount of data from the latest hour, day, weak and month, and the user should
be able to compare several periods of data. The idea was to visualize the data through
linear graphs. One of Affective Health‘s basic ideas is that there should be a fluency in
the data visualization over time, this concept has another approach to work around the
problem of visualizing the data over time in a continuous way. Musical pieces are built up
of single notes which express what tone it is, how it should be played and for how long.
The combination of several discrete notes are read and interpreted as a continuous melody
and the same approach is included in this concept. Each line in the cylinder can be seen
as a note, and the combination when viewing several lines at one time can lead to a con-
tinuously feeling of that the data is floating without interruptions over time, so there could
exist a fluency. Equal amounts of the lines would include the same amount of data and the
data would be relative. The user could chose in what time span she would like to see the
data in, and the illustration would feel alive since there are constant updates of the latest
gathered data. This concept would also leave one line in the default view empty, as can be
seen in the Figure 6.7, which would illustrate the unwritten future of that there is more in
life to come, the time does not stop at the present as both P11 and P12 said in the user tests.

Figure 6.7: The third concept developed from ideas and simple sketches.

The three different concepts were evaluated together with the interaction designer Elsa
Vaara, and the conclusion was that the context concept should be derated and the other
concepts should be developed even more with the focus on subjective time. How the visu-
alization of data over time could be adjusted so the user herself could chose the periods of
time she wants to compare, or view in more detail. The first sketch is shown in Figure 6.8.

The second sketch is shown in 6.9.
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Figure 6.8: Different ideas out from the three concepts, focusing on subjective time and how
the user could modify the time lines, or the way data are visualized over time.

Figure 6.9: Different ideas out from the three concepts, focusing on subjective time and how
the user could modify the time lines, or the way data are visualized over time.

6.5 The Chosen Interface Concept

The chosen concept for the new interface suggestion is a combination of two concepts shown
in Figure 6.10.

A drastic idea in the focus of having data visualized over time and that time is subject-
ive, was to take away the time aspect. The data could be visualized and arranged over the
values of the gathered bio sensor data instead of being tied to time. That is what the sketch
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Figure 6.10: The two interface concepts that was combined in the development of the new
interface concept of Affective Health.

in Figure 6.10 is showing, where the bio sensor data has a square shape, a size, a color and
are arranged along an axis of pulse. The user could then chose what squares she wants to
compare and drag them to the lower right corner. To add aliveness when glancing at the
interface the square of the present state is animated as a movement. To compare the data
the user would have to have some timeline so it can be possible to remember what activity
that was carried out during the different state blocks. The data would then be displayed in
a scroll wheel as in the concept shown in Figure 6.7, where the data could be displayed over
different periods of time(minutes, hours, days, weeks and months) to provide for the user
to compare and interpret her everyday-life. The fluency is represented in the second view
where the different lines in the scroll wheel can be read as music notes and together build
a melody, i.e a fluency of the data visualization. In the comparison view there is space left
for the future, the important time which will take place. There are two different ways of
observing the data, through the view where the data is sorted over bio sensor values instead
of over a time line, or in the time line comparison view.

The motivation to why the combination of these two concept was chosen as the new
interface suggestion was that it deals with the subjective time issue and it has aliveness. It
felt interesting to develop an interface suggestion which have not been created before and
to try to add fluency in the visualization to give the user a good experience of that the
visualization she is observing is a mirror of her own life, i.e the way she lives her life should
be reflected in the interface of the system. The idea of portraying the bio sensor data in
a linear graph might have been easier for the user to read, but does it mirror the life of
a human being? A life of a human being is unpredictable, changing over time and does
not progress along a straight line. That is a reason to why the linear time perception was
neglected to some extent. When the user tries to reflect over the visualized data and finds
patterns which could be connected to her everyday-life, the portrayed data should feel like
a mirror of the life she lives. The combinations of the two interface suggestions resulted in



62 Chapter 6. Development of a New Interface Concept

what can be seen in Figure 6.11.

Figure 6.11: The developed interface suggestion for the Affective Health system, with the
design quality focus of subjective time, aliveness and fluency.

In the final suggestion for the interface concept, the bio sensor data is sorted by the
values of the sensors, not over time. Each state the person is in, is portrayed by a square
that pops up in the upper part of the interface. The squares have a size which is relative
to the movement which is detected by the accelerometer, the color of the square represents
the arousal, i.e the GSR of the user. A red color indicates a high value of the GSR and
blue/green indicates a low value, see color scale in Figure 6.12. The colors are used to trigger
changes and alert the user of the value of the gathered data.

Figure 6.12: The color scale which indicates the value of the GSR in the interface suggestion.

The squares are placed out randomly on the x-axis, and relative to the pulse value de-
tected through the heart rate on the y-axis. The squares appear randomly on the x-axis to
express the changing and sometimes random life of a person, not everything can be foreseen
and happens according to a plan. The higher the pulse value is, the higher up on the y-axis
the square will be placed. Animation of the square that represents the present state will
distinguish that square from the others, and as soon as the user‘s state changes (arousal,



6.5. The Chosen Interface Concept 63

movement or pulse), a new square will be added to the ‘stage‘. To be able to get an under-
standing of when a certain square was created, or to compare different squares the user can
drag them down to the lower part of the interface and the squares will then be arranged in
relation to each other depending on when they took action in time. Even though the users
P10, P11 and P12 in the user study talks about their history and remembers things based
on feelings, places, persons and events, the squares are arranged on a time line. The people
in the Western World are somehow used to refer and remember things by means of time, cal-
endars and festivals which occur at specific dates. To be able to compare different squares
they have to be arranged in some way. Although the idea was to remove the data from
being tied to time, time provides possibilities of going back in history to find patterns and
characteristics on different ways of the user lives, their everyday-life and be able to connect
that to reactions they have had connected to their activities and actions. The timeline then
helps to trigger our memory, to remember what we might have been doing at a certain time
of the day, or month of a year. The organization of time, with hours, days, weeks, month
and so on, is what we lean back on when trying to remember what has been going on, using
some kind of calendar, physical or the ‘calendar‘ inside or minds, which was shown in the
‘Wizard-of-Oz‘ study carried out during the design process of Affective Health. Therefore
the arrangement over time was added to the interface but the default view of where the
gathered data appear were kept without any time line.

When the squares have been dragged to the lower area of the interface they will auto-
matically get stuck on a curvy line, the line of the ‘kringleikrokiga‘ way of life. The curvy
line will continue on from the latest added square to symbolize the future that is there to
come. The squares will be organized according to when they occurred in time along the
x-axis and organized over the pulse value along the y-axis. Every square will contain inform-
ation of the date when it was created, i.e when that state of the user was registered, which
will be displayed when the squares are organized on the timeline. The drag and drop-able
squares can be removed from the timeline and will then return to their initial state where
they were created in the upper part of the interface stage. The user can also adjust over
what time span she wants to overview the data, to observe the data over a greater time
span, the user zooms out on the squares by pinching out with the finger on the screen and
a lot more squares will appear on the stage. The squares size will the be reduced since
the action was to zoom out. To view the data over a smaller time span the user pinches
in on the screen to zoom in, and the squares in focus will be zoomed in. In this aspect
there is time involved, but the data is still sorted over the bio sensor values and not over
time. The idea is that the user should be able to see in what time span (three days, a week
or a month, etc.) the data is gathered but not in what chronological order it has taken place.

There is two ways of how the user can overview the bio sensor data, the first one is the
default visualization not tied to time, and the second one where the user chooses subjectively
what squares that will be compared, tied to a linear timeline.

To explain the bio sensor data‘s illustration a bit further and how it supposed to be
interpret is when the movement is low, the pulse is high and the arousal is high there is
indication of stress, which means when the color of the GSR is reddish, the square is small
and the pulse value is high in this interface suggestion.

The suggestion deals with the issue of subjective time since the data is sorted over the
values of the bio sensors and where the user herself can choose what data she wants to
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compare. There will be fluency in the application in another way than in the two previously
implemented interfaces, Layer and Spiral. The fluency will appear in terms of bio sensor
data instead of over time. Aliveness is something which is included by the animation of the
square of present and the fact that the user can observe that something is happening with
the system as a reaction to the life they are living.

6.6 Implementation of the interface Concept

The new interface suggestion developed was implemented as a interactive prototype sketch in
Adobe Flash using ActionScript 3.0. To refer to this concept it will be called Subjective Time
Interface and can be seen in Figure 6.13. The mobile phone chosen to frame implementation
is a HTC Desire, but has nothing to do with the Affective Health system today. It is
used because there has been a discussion of wether the Affective Health system should be
developed for a more modern mobile phone with another platform, larger and better touch
screen to increase the user experience, e.g a HTC mobile phone.

Figure 6.13: The implemented version of the Subjective Time Interface of Affective Health.
Three state-squares has been dragged down to the comparison area, where the squares are
arranged in time order.

In the implementation the squares are added on the screen with random size, random
position and random color. With an adjustable time interval new squares are added to a
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randomized position which is not occupied by some other square. If the square has a size
less then a certain value, a value that makes it hard to see the square on the screen, the
size of the square will be put to a fixed value. To add aliveness to the interface the square
added most recently is animated with a little tween, where the square is bouncing from side
to side. All squares are drag and drop objects, so the user can interact with them and drag
them to the time line area. Every time the user changes state, when the values of pulse,
arousal or movement are changing, a new square is added to the upper part of the screen.

When the squares are compared in time, the squares should contain more information on
when they took place in time, see Figure 6.14. With that information the user can compare
the squares in time and the time will also help the user to remember what she did together
with the expression of the square and its state.

Figure 6.14: An illustration of how the interface will look like when comparing different
squares. The squares compared are chosen by the user and dragged down to the lower part
of the interface.

6.7 Method description of the ActionScript code

The ActionScript code described in this section are the functions used in the Flash prototype
of the new interface concept, the Subjective Time Interface.

function drawSquare
This method creates a fixed number of squares by calling on the newSquare method, which
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are added to the stage.

function newSquare
newSquare calls on the method that sets the square size. Then the method sets a random
x and y position on the square. The method controls so that the square‘s position is not
overlapping any of the other squares when they are created. If they are a new position is
randomized to place the square. As long as the square is not overlapping any other square,
the gets a randomized color and are added to the stage. The created square is added to the
array squareArray. Then drag and drop function is added to the created square by calling
on the function. dragDropFunction. This function have a timer which calls on a tween
function, shakeSquare, which makes the square bouncing from side to side.

dragDropFunction
This method adds mouse events to the square, for mouse-down which uses the function
beginDrag, mouse-up which uses the function quitDrag and mouse double-click which uses
the function returnToInitial.

beginDrag
If a square is clicked on it gets its drag function. The initial x and y positions of the square is
saved in variables and when the square is dragged the transparency of the square is reduced
with 50 percent.

quitDrag
This method gets the squares current position. If the y position is larger than 300 when the
square is dropped, the square will be tweened to the area of time comparison zone. If the
y position is less than 300 the square will return to its initial position (where it was first
created). if the square is dropped in the compare zone the square will be added to another
array, the compareArray. This function will then call on the sortOnTIme function. The
square will then be sorted on when it was created and placed on the timeline. To get to
the right position on the timeline each square knows when it was created in relation to all
the other squares. the square will be transferred its position on the timeline with a tween.
When the tween motion is over a tween callback will call on a function called drawLines,
which draws a line to and from the square. This to symbolize the ‘kringelikrokiga‘ way of life.

changeSquareSize
The method sets the width of the square to a random value between 0 and 35 pixels. If
the pixel value is too small so it is hard to see the square on the screen, the pixel value is
assigned a fixed pixel size.

returnToInitial
If a square is double-clicked and are in the timezone, that square will leave the time zone
and return to its initial x and y position. The square is tweened back to the position where
it was first created. When the square leaves the time zone the lines between the squares are
removed and then drawn back again between the squares that are left in the time zone.

drawLines
A thin black line is added between the squares on the time zone. The first and the last
lines are added like a straight line, the lines between the different squares are added as
randomized curvy lines.
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sortOnTime
This method sorts the squares on the timeline, along the x-axis on the time when they were
created.

6.8 Limitations of the new Interface concept

Limitations and discussion of the implementation are that Flash does not support multi
touch actions, therefore the zooming in and out on the area of the squares, to change view
of the time span, are not implemented with pinch in and out function. Due to the lack of
time, the function of zooming is not implemented in the prototype. The interface with the
squares and timeline could have been more ‘designed‘ with more rounded corners, shadows
or a glossy feeling, but the design was discussed with the interaction designer Elsa Vaara
and the conclusion was that all that ‘modern interface illustrations‘ has been integrated in
many of the latest interfaces of ‘cool‘ products so this is more decorticated and cleaner and
a look which has not been seen in a while. The focus should also be on how the bio sensor
data is visualized for the user. The animated square which represents the present state of
the user might be interpret to be related to the pulse somehow, since it is pulsating to call
for attention and add aliveness to the interface. A better way of animating the square could
have been to have it rotating, but due to implementation issues it is now bouncing from side
to side.

6.9 Conclusions of Investigating Design Qualities and
Time Visualization

The development of the new suggestion of an interface concept to the Affective Health sys-
tem resulted in an interactive user prototype in Adobe Flash. Figure 6.15 is illustrating
the major steps of the conducted work which resulted in the new interface concept for the
Affective Health system. By establishing Affective Health design qualities, studying related
interface visualizations and analyzing the old and new user tests sketches were made.

Figure 6.15: Workflow of how the new interface suggestion for Affective Health has developed
through the work in this Chapter.
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The sketches were combined with the ideas generated from the user studies and the
chosen design qualities of subjective time, aliveness and fluency. Subjectivity was added to
the concepts to deal with the issue of that everyone perceive time differently. One concept
was chosen as the new suggestion of an interface and was implemented as a user prototype.

A conclusion on the assigned task from Mobile Life Centre of ‘Investigating different
representations of time in user interfaces and from the results evaluate and develop a design
solution suited to mediate the design qualities of the Affective Health system‘ can be seen to
be answered in the work performed when developing the new interface suggestion of Affect-
ive Health.

By working with the design qualities according to Löwgren and Stoltermans‘ idea [9], it
was easier to mediate a new interface suggestion which included design qualities from the
Affective Health system. The new interface concept has kept some of the key aspects of
Affective Health, e.g that the interface should not diagnose and leave the interpretation to
the user, the system is trying to mirror the life of the unique user and it tries to empower
the user to find patterns and distinguish stress [14]. Even though these design qualities were
not the ones in focus when developing the new interface concept they were still kept in mind
since they are aspects that shape the idea of the Affective Health system.The new interface
does not deal with all the design qualities or everything established from the user tests, and
the new interface concept is not flawless or perfect. When elaborating with a few chosen
design qualities of a system those may in turn affect the other design qualities that is not
in focus. The effect might strengthen or weaken the other design qualities and change the
experience of them and the system for the user. Due to the time limit that has not been
elaborated any further. The new interface suggestion has consequently its limitations and
has not been tested on any users. Therefore there are of course changes that needs to be
done to fulfill the needs and demands from the end users. The developed interface is an idea
of how subjective time, aliveness and fluency could be worked with in the Affective Health
system.
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Discussion and Conclusions

The work of developing a new interface suggestion for the Affective Health system has also
been carried out through some kind of design process. The combination of Moggridge and
Löwgren and Stoltermans‘ design processes and the Levels of Abstractions, discussed in
section 3.4, could be used to capture, describe and give an overview of the work carried out
in this thesis as well as it can be used to describe other design processes. Affective Health‘s
design process is illustrated in the Levels of Abstraction in Figure 7.1.

Figure 7.1: The design process when developing the new interface suggestion of the Affective
Health system, illustrated in Löwgren and Stoltermans‘ Levels of Abstraction.

69
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Different activities have taken the vision of the interface suggestion to a developed op-
erative image with details which finally resulted in the interface suggestion implemented in
Flash. The activities that have taken place together with their result is what have triggered
the design process to progress to another level of abstraction, which can be seen in Figure
7.1. The process is not linear nor iterative just as Löwgren and Stolterman points out[9].
It is neither really randomized as Moggridge proposes that the deign process might look
like, [10], since the result of the activity on one level affects wether the process will be more
detailed, have more developed specification or if a new vision is created. Some of the activ-
ities in the design process have been overlapping each other even though it is not shown in
the illustration or in the method of this thesis. That is because it was easier to present the
material as if the activities have been carried out one at a time. The content of the design
process illustrated in Figure 7.1 will not be discussed more than that it was once again
possible to illustrate a design process retrospectively in the Levels of Abstractions model,
which was the answer to the first formulated question of this thesis, of how one could capture
and describe the design process of a research project in a good way. The activities which
triggered the design process between the different levels and their result are described in the
different sections of this report.The Levels of Abstraction model shows how the design has
developed from vision to a specification ready for implementation.

The design qualities which Löwgren and Stolterman discuss have been a guiding tool
when finding out what the Affective Health system aims for and what design qualities the
design team has been working on throughout their design process. Even though the focus
was on subjective time, fluency and aliveness when developing the new interface suggestion,
all the other design qualities established and arranged in the Design Quality Map contrib-
uted to a better understanding of the Affective Health system as a whole. The belief is that
the design quality approach was an aid when trying to mediate the chosen design qualities
of Affective Health into the new interface concept, which answers the second formulated
question of this thesis, if there existed a tool within some of the discussed design process
that could support the work of expressing qualities through design. Subjective time was a
quality which was placed in the design quality group dealing with the users motivation to
keep on using the artefact and both fluency and aliveness were qualities placed in the middle
group of the map dealing with the immediate experience the user gets when interacting with
Affective Health. The chosen qualities did only cover two of the five groups in the Design
Quality Map, except that the aliveness and fluency were qualities which to some extent was
involved and underlying the design qualities in the other three groups. If qualities from
all of the five groups in the Design Quality Map would have been chosen when developing
a new interface suggestion, the result might have been different and could have mediated
another feeling to the user.

Since the design team of Affective Health had great challenges when trying to visualize
bio sensor data over time and tied to time in a subjective way, it was interesting to approach
that task and try to develop a new interface suggestion for the Affective Health system. The
way to achieve the final suggestion for the new interface concept was not easy and straight
forward. There has been struggling and confused phases throughout the process but with
the support from the Affective Health design team problems were solved or new ideas were
born. The idea of doing an interview- and user study focusing on time and how time is
perceived both in the everyday-life and tied to the two implemented interface(Layer and
Spiral) of Affective Health was a great decision. A lot of knowledge was gathered on how
time was perceived and how people could think about time and their life in relation to time.
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Many aspects was reviled which was not even thought of before the user study was conduc-
ted which was brought on into the development of the new interface suggestion. Although,
when working with the user test material on the section where the users should visualize
their look upon time with a steel wire, that wire was linear and in one piece, which might
have guided the users to illustrate their perception of time in a somewhat continuous and
linear way. If that task would have been carried out with small lego bits instead of the
steel wire they could have been placed out discrete over time or attached and piled to each
other in many different ways. The interpretation on how people perceive time might have
been different if lego or some other tool was used to illustrate time. If there had been more
time for this thesis, different tools could have been used in the user study as well as the
user study could have been carried out with more test persons to give a more accurate result.

One of the ideas of the Affective Health system was to have an interface which is open
for interpretation. According to Vaara et al. the interface visualization should not diagnose,
it should be up to the user to find patterns in the data and put that in relation to her every-
day life [22]. There is a fine balance between when the interface is open for interpretation
and the user can and wants to engage, to when the interface is too open for interpretation
where the user cannot be able to interpret the interface. It might instead confuse the user
and she might therefore loose her interest in the system. Since the new interface concept
has not been tested there has not been established wether it is too open which will make it
hard to do interpretations of the bio sensor data or if it will invite for the user to engage
and find patterns in the interpreted visualization of the data.

Future work could be to test this new interface suggestion together with the Affective
Health sensors to see what response and feedback would come out from the tests. The feed-
back could then be used to adjust or change parts of the interface to focus more or less on
subjective time or make changes to encourage the aliveness or fluency in the visualization
of the interface. It has not been done due to the time limitation for this thesis.

I have learnt a lot throughout this process and by working with a design team in an
ongoing research project. It is not easy to jump into an ongoing project and immediately
understand what your aim in the project will be or what the project really is about. Research
on the project and what has been done so far was needed to be established to some extent
and thanks to the published articles of Affective Health that part was made rather easy
in this case. Since there has not been any client who has ordered the Affective Health
system or given any specification of what the system should include, the development of
the Affective Health system has been changing a lot. The development has also taken
unexpected directions to answer to the users desirer and demands, but also to include and
mediate the knowledge captured throughout the research. It has been different to work with
the idea of developing a suggestion for an interface without much requirements of what it
should include or what a client wants. When working with research one comes up with ideas
and suggestions which deals with problems. It does not indicate that the result is flawless
or perfect, but one can take advantage of the knowledge that exist in the research and use
it in further and future developments. A new interface suggestion for the Affective Health
system was developed which deals with the subjective time issue in a new way for the bio
sensor data representation. Hopefully the work carried out in this thesis can contribute to
new knowledge and ideas for the future research work with the Affective Health system as
well as the research work on the Mobile Life Centre.
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my supervisor Marie Sjölinder who has helped me with structuring the work, but also Elsa
Vaara who has been a helping hand and who has supported and guided me throughout this
master thesis. I would also like to thank my supervisor Anders Broberg at the Department
of Computer Science at Ume̊a University with feedback on this report.

Moreover I would like to thank my wonderful family and friends who have supported me
all the way throughout this work!

73



74 Chapter 8. Acknowledgements



References

[1] Mobile life centre. http://www.mobilelifecentre.org/, June 2010.

[2] Stockholms stad. http://www.stockholm.se/, May 2010.

[3] Kosmack Vaara Elsa. Affective health, report february 2008- may 2009. 2009.

[4] Petra Fagerberg, Anna St̊ahl, and Kristina Höök. emoto: emotionally engaging inter-
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pressivity. In DUX ’05: Proceedings of the 2005 conference on Designing for User
eXperience, page 33, New York, NY, USA, 2005. AIGA: American Institute of Graphic
Arts.
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Appendix A

Interview Form

The interview form of the carried out user test for this thesis.

– Age?

– Gender?

– Employment?

General questions regarding time

– Would you describe yourself as a person who has a lot of time?

– Are you controlled by the watch and the time?

– Meetings and other events, how do you plan them?

– Are you planning things or to thing happen more randomized and unplanned?

– Do you have any memorable event or happening that you would like to share with
me/us(funny sad, exiting happening from some time in your life)?

– Could you describe that memory, feel free to use the pen and paper to illustrate when
you describe the memory.

Test with physical things
Very simple paper models created as cones and cylinders. The user should form a small
steel wire into the way they perceive and experience time. The user should mark small neon
post-its where he/she sees the present and the history of time in the models. Also place
out other events like meeting e friend twice, or going to Paris twice. The test person should
comment on the way he/she places the post-its and how time is perceived in the models.

Test of the Spiral Interface
The test person are wearing the sensors, which are connected to the Affective Health ap-
plication on the mobile phone. The test person has the opportunity to study the interface
for a while without getting questions.

– Can you please tell me what you think about when you see the interface? Your
impression and the spontaneous feeling that you get?
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The user is aloud to ask questions about the system and the interface and get to know
it a little bit.

– Can you go back in time in time? (to enlighten the linearity of time and if there exists
a fluency in the visualization between past and the present) Please think aloud.

– And back to the present again, please think aloud.

– What do you think about when you see this interface? Does it look like anything else?

The user should wear the system for some minutes without the interviewer present, and
then talk about their experience and things they wonder about.

Test of the Layer Interface
The test person are wearing the sensors, which are connected to the Affective Health ap-
plication on the mobile phone. The test person has the opportunity to study the interface
for a while without getting questions.

– Can you please tell me what you think about when you see the interface? Your
impression and the spontaneous feeling that you get?

The user is aloud to ask questions about the system and the interface and get to know
it a little bit.

– Can you go back in time in time? (to enlighten the linearity of time and if there exists
a fluency in the visualization between past and the present) Please think aloud.

– And back to the present again, please think aloud.

– What do you think about when you see this interface? Does it look like anything else?

The user should wear the system for some minutes without the interviewer present, and
then talk about their experience and things they wonder about.

Other questions

– Do you have any other suggestions of how time could be visualized? (difficult question
but it might give some ideas...)

– Any other comments or thoughts you would like to add?

Thank You!


