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This thesis explores a way to support self-reflection
through simple graphical shapes that are mapped to
biometrical sensor data. It consists of a design phase when
images were created, followed by a study evaluating the
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and that expressions explicitly designed to carry an emotional
meaning should be avoided.
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1 Introduction
1.1 Introduction
Self-reflection is something many psychologists would agree is necessary for a
sound human being (Tangney and Fisher 1995). We all have different ways of
working with our inner feelings and emotions. Some put things in perspective by
writing them down in a diary. Others paint to express themselves. The vast amount
of “find yourself” courses that are available in our society is a sign of people’s big
interest of understanding themselves and their emotional life. Is there a way to
support this kind of activity with technology? In this thesis we will explore one
possible way of doing that.
The view of human as something more than a logical product of its different parts
has grown considerable within Human Computer Interaction (HCI) research the last
ten years. Body and mind works not as separate entities but rather in an intricate
relationship, an indistinguishable whole (Damasio 1994, Winograd and Flores 1986).
This is obvious when we think about our emotions. We have all experienced the
sudden heat when doing something embarrassing, or the increased heart rate of
impulsive anger. Emotional experience is something that involves the whole human,
physical as well as cognitive.
How can we get a clue of what someone is experiencing? We could ask them of
course, but that is quite intrusive. Read minds would be less intrusive, but we are
not quite there yet. Something we can do is monitor bodily reaction, such as pulse,
heat, sweat and movement via sensors. Wearable sensors have evolved
tremendously during the last couple of years and the development shows no sign of
stagnation.
The area of Affective Computing has been occupied by the question of how to
explicitly read peoples emotional states since the mid 90s. The goal is often to
automatically distinguish which emotion a person is experiencing in order to make a
system that interacts in a more effective and human way (Picard 1997). Many
methods have been tried, including facial expressions, respiration, heart rate,
temperature, blood pressure, galvanic skin response, just to name a few. Most of
these tests show that although some emotions may be successfully distinguished,
the differences among subjects vary and therefore the resolution is quite low (Lisetti
and Nasoz 2004).
Although using much of the same sensor data as our precursors, we have a quite
opposite approach to the problem. Coming from the area of Affective Interaction
(Boehner et al. 2005), our view on what is possible to tell of human beings are more
humble. Instead of trying to determine the exact emotion a person is experiencing,
we aim to create an ambiguous and interpretable graphical representation of that
experience. This representation will not give a fixed answer—it must be interpreted
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by the viewer to make any sense. This is an open-ended interpretation process that
requires imagination and creativity, and it will not produce any explicit “correct”
answers. But it empowers the subject to create her own meaning from the
representation, to remember the experience she was having. Due to the ambiguous
nature of the representation it may not be dismissed as simply “wrong” in the same
way that an explicitly labeled emotion could be.
To emphasize the experimental nature of this thesis a quote from Romero and
Mateas (2005) describes how one could view this sort of broad investigational
approach:
“The question is not: is it good HCI? It is not: is it good art? The question,
at this stage, is: is this a good medium, a viable channel for
communicating meaning”

1.2 Problem
This thesis goal is not to come up with an answer to what kind of application that
will encourage contemplation and self-reflection. Other projects are devoted to that,
i.e. Affective Diary (Lindström et al. 2006) and eMoto (Ståhl 2005). This thesis works
on a more fundamental level with the problem of how to represent the experience
graphically. Two main questions arise from this:
Can we mirror physiological body reactions that are measurable with commercially
available sensors in such a way that they create a basis for reflecting on our
emotional experiences? A perfect match between emotions and biometrical data are
not likely, earlier studies show that this is not to be expected (Lisetti and Nasoz
2004). The question is instead focused on finding the possible relations and how
they can be used together to make up representations. This leads to the second
question:
How could this sensor data be represented graphically so that we can recognize
ourselves and be inspired to interpret? Raw sensor data will not tell most people
anything. It has to be represented in some way to make sense. This is a design
challenge, how can bodily reactions be presented graphically to be meaningful.
The answer to these two questions will ultimately become design guidelines for
projects that implements representations for self-reflection.

1.3 Methodology
The work that constitutes this thesis can be divided into two parts, a design phase
and an evaluation phase. Design is not traditionally considered as part of a research
methodology in HCI. Instead, the design process is often thought of as a black box,
something that happens but that is seldom explained thoroughly. Fällman (2003)
argues that the reason behind this is that the design process is hard to describe in a
scientific way. Design is a process with more input than empirical data and fieldwork
2

findings, and therefore problematic to derive. But when this problem is confronted
instead of avoided, new knowledge can be gained. Fällman calls this Designoriented Research (in contrast to Research-oriented Design):
“The knowledge that comes from studying the designed artifact in use or
from the process of bringing the product into being is the contribution,
while the resulting artifact is considered more a means than an end.”
This is a good summarization of the design methodology in this thesis; the resulting
design being more a tool for evaluation than the answer to the problem.
There is a growing interest in the HCI community to discuss in what ways designs
can serve as part of the investigations and even as proofs in a research process
(CHI2007 Workshop1, Nelson and Stolterman 2003).
The design phase consists of the following steps:
1. Testing different sensor equipment on ourselves (people in the lab) for longer
periods of time and analyzing how it correlated to our subjective experiences
and emotions.
2. Seminar sessions to discuss the problem and how it could be solved.
3. Iterative design of graphical representations building on theories on emotion,
color and form.
4. Testing the graphical representations on ourselves.
The evaluation phase is a user study with five subjects:
1. Each subject wearing sensors “in the wild” for a full day (12 hours).
2. Workshop with each subject a couple of days after wearing the sensors.
Discussion on their interpretation of the graphical representations made from
their sensor data.
3. Qualitative analysis of workshops.
The design process is further described in chapter three and the user study in
chapter four.

1.4 Contributions
The main contribution from this thesis is a set of insights we gained in the design
and evaluating process. These could be of use to future designs of graphical
representations that aims to capture the experience of life. In our design we built the
representations from sensor data, but what we learned is not necessarily tied to this
case. The general insights are:

1
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• Strive to make the design interesting to view both in the details and as an
overview.
• To support reflection and interpretation, use combinations of different
graphical representations to shape a joined representation.
• Avoid graphical expressions that are designed to carry explicit emotional
meaning since that may limit the interpretation process.
• Animations should add a sense of being alive to be justified.
These contributions and other more specific conclusions are further discussed in
chapter five and six.

1.5 Outline
Chapter two describes the theories and work that the design is based on. Chapter
three describes the design process and the images created. The study setup is
described in detail in chapter four. Finally, chapter five and six presents the results
of the study and what can be learned from it.

2 Background
2.1 Emotions in HCI
Emotions are a relatively new topic in HCI. Picard (1997) coined the expression
Affective Computing in the book with the same name. Although the point of this was
to acknowledge the need for emotional theory in HCI, she failed to break free from
the cognitive tradition—emotions are seen as yet another kind of data that needs to
be decoded into machine-readable format. Boehner et al. (forthcoming 2007) calls
this the Informational approach to emotions. The critique against it is grounded in
their belief that emotions are not clear discrete states that every human shares.
Instead emotions are culturally grounded, experienced in action and unique
ambiguous states that do not fit into any predefined categorization. Boehner et al.
present an alternative view called the Interactional approach. Instead of trying to get
computers to understand human emotions, it focuses on helping humans
understand and experience their own emotions through technology.
This view on emotions has a lot in common with the goal of this thesis. Boehner et
al. argues that emotions are created in interaction and interpretation. Emotions are
actually created when we deliberate and reason about them. To support this
process we need systems that encourages interpretation and spurs the mind. The
explicit reading and labeling of emotions that take place in the systems built from
the Informational approach does not support this, since they take emotions as
something that just exists and that the system should adapt to.
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There are systems built that uses emotions more in the way that the Interactional
approach advocates. One of them is Affective Diary (Lindström et al. 2006), a
personal interactive diary developed by my colleagues at SICS.
2.1.1 Affective Diary
Affective Diary is a concept system that consists of a Tablet PC (TPC), a
Smartphone and some biometric sensors. The user wears the sensors and uses the
Smartphone in her everyday life. At times she connects those devices to the TPC
and uploads sensor data and contextual phone data (list of calls, text messages,
photos taken and Bluetooth connectivity). The user is presented this data
graphically in the Affective Diary application on the TPC. The basis for the
presentation is a timeline. The user can browse through the day with a separate
screen for each hour, or have it played back automatically. The sensor data is
depicted by graphical figures of various shapes and colors. They vaguely resemble
human figures of varying activity level, for example lying down or on the move. If the
user does not agree with a figure in a given situation, she can change both color and
shape of it to make it better reflect how she felt2. Calls, text messages and Bluetooth
activity are symbolized by various graphical symbols. Photos taken during the day
are shown in conjunction with all this. The user can also make own notes or
drawings directly on screen with the TPC stylus.

Figure 1: Affective Diary in action

Affective Diary is a tool for self-reflection. It encourages the user to think about the
past, and reflect on how the graphical figures match her experience. The user might
2
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eventually develop her own internal representation and understanding of how her
different experiences are depicted, and get a better understanding of how her own
body reacts. This interpretation process in combination with the ability to alter the
representation and add own notes makes it possible for the user to appropriate the
use to what suits her best (Höök 2006).
Affective Diary uses the kind of data and representations that this thesis is all about.
Why do it again if it has already been done? Because we need to approach the topic
on a more fundamental level. In the case of Affective Diary the mapping of graphics
to sensor data was not tested thoroughly. It is a high level design that is aimed to
show of a whole new concept. It was created to test what users think of the idea—
the details of the representation were not the main priority. Forthcoming user studies
of the system show that this is an area that needs to be improved. In this thesis we
take a step back, and examine the basic components for the design of emotional
representations, such as the ones used in Affective Diary. To do that we need to
take a broad look at many different fields, ranging from psychology to graphical
presentations.

2.2 Describing emotions
There are numerous ways to classify emotions. The field of emotional theory is
extensive, with many different models of emotions. To be able to make a design that
depicts emotion we need to begin with a theory of how to view emotions. In her
thesis “Design for emotional expressivity”, Ståhl (2005) argues that Dimensional
models of emotions works well as a basis for design of affective interaction
applications as those address the inner experience of emotions. In the design of the
eMoto project she successfully incorporates Russell’s Circumplex Model of Affect
(Russell 1980) as a basis for the design. In short, the eMoto project is about
expressing yourself with body movements to influence a graphical representation
consisting of shapes and colors, ultimately making the representation reflect your
state of mind (Ståhl 2005). eMoto is very related to our project in terms of output—
representations that reflect yourself—although the way to control the output is
different. The similarities in the design call for a closer examination of the methods
used.
An emotional dimension describes some quality of emotion, such as active–passive
or happy–sad. Historically there has been a debate of how many of such dimensions
it takes to cover the human emotional spectra. During the later half of the 20th
century studies have shown that by combining just two such dimensions in a twodimensional plane, most emotions can be covered in a circular shape. Such a model
is called circumplex (Plutchik and Conte 1997).
Russell is the originator of one such circumplex model of affect. His model consists
of two dimensions, arousal and pleasure (valance). By conducting multiple tests on
different groups of people, letting them both group emotions and order them by
arousal and pleasure, he found that there is a great similarity of how people judge
6

emotional experience. Although there are some differences between individuals, the
overall match is good (Russell 1980).

Figure 2: The circumplex model of affect with 28 emotional states (Russell 1980).

The simplicity of Russell’s model makes it ideal for building affective interaction and
graphical representations. With only two dimensions it is possible to map both
incoming data and outgoing representation in a manageable way.

2.3 Emotions and physiological reaction
We have no expertise in the area of physiology and psychology and it is not our
intention to explore these topics thoroughly. As mentioned in chapter one, our goal
is not to search for an explicit relationship between our cognitive and physical
reactions—we are interested in the big picture. This review of physiological
reactions is brief and should not be considered exhaustive.
Lætitia Lisetti and Nasoz (2004) have made a table summarizing 21 previous studies
on mapping physiological signals to emotions. The measured signals include:
•
•
•
•
•
•
•
•
•

Facial EMG (Electromyography)
Finger temperature
Finger pulse transmission
Heart rate (pulse)
Inter-beat-interval
GSR (Galvanic Skin Response)
Blood pressure
Body movements
Respiration period
7

• ECG (Electrocardiogram)
More or less all of these studies were conducted in lab environments. They differ in
how they were carried out and what they measured, but they all try to distinguish
between explicit emotions. Provoking emotions in a lab environment is arguably not
a very reliable method to begin with, and the results differ quite a lot between
different studies. Some of them claim close to 100% accuracy, while others found
no relationship at all. A very rough comparison made from this table shows that GSR
and heart rate was the most useful signals to distinguish between emotions. Some
of the easily measurable physiological signals and their use are explained below.
2.3.1 Temperature/Heat Flux
Temperature is an important sign of well-being, with many medical conditions
directly related to fluctuations in body temperature. Heat Flux is the amount of heat
that the body emits. Studies have shown that Heat Flux is effective in detecting
context switches. This is because context switches often involve physical
movement, which causes the body to warm up and therefore emit heat. Different
environmental conditions can also have an effect on Heat Flux (Sung 2005).
2.3.2 Heart Rate
Heart rate is closely related to many of human’s basic functions, such as physical
activity, overall health and emotional response. The most obvious influence on heart
rate is physical activity, but heart rate can rise considerably during emotional events
such as embarrassment, anger and fear. However, there does not seem to be any
significant drop in heart rate because of emotional activity. (Lisetti and Nasoz 2004).
2.3.3 Galvanic Skin Response
Galvanic Skin Response (GSR) is a widely used term for measuring skin
conductance. Electrodes measure the conductivity by applying a small voltage
across the skin. GSR is in essence the activity of sweat glands controlled by the
sympathetic nervous system. This is best measured on hands, feet and armpits.
GSR has been used in psychopsychological research for almost a century and been
one of the methods used in lie detection tests (Fuller 1977).
Skin conductance is the most well documented case of physical reaction that has
an emotional cause. Strong negative emotions such as fear, anxiety and stress can
result in local spikes in GSR, but long-term changes may also have an emotional
cause (Sung 2005).
2.3.4 Motion/Acceleration
Body motion can be measured with an accelerometer. Since only acceleration is
measured, motion per se is not recorded. Different kind of motion result in
acceleration patterns that can be interpreted, for example walking, running and
traveling in a vehicle (mean acceleration). Accelerometers can also be used to
8

decide in what body position a person is. The earth affects the accelerometer since
gravity is a constant acceleration towards the middle of the earth. The position of
the accelerometer will therefore affect the reading. An accelerometer fastened to the
body can be used to tell if a person is lying down or standing up (Sung 2005).

2.4 Graphical representations
A major part of this thesis is the design of the graphical representations. The design
challenge lies in mapping physiological data to graphical representations in a way
that makes sense to the subject who the data belongs to. To be able to do this we
need to understand how humans react psychologically to graphical representations.
The topic of graphical representation is divided into three parts; Color (2.4.1–2.4.4),
Form (2.4.5) and Animation.
2.4.1 Color
Colors convey information. Everything we perceive in the world is depicted in color,
and it is crucial to our ability to distinguish different objects and their shapes. Colors
also have emotional meaning. It has a prominent role in many aspects of human
culture, such as art, clothing and architecture (Derefeldt 1994). How colors are
perceived and what they represent is something that needs to be explored to be
able to create emotional representations with colors. But let us first examine some
definitions of color.
There are different ways to define color properties, although four properties are the
most common ones: hue, chromaticness/colorfulness, saturation and brightness.
Those are defined by the International Commission on Illumination, CIE (according
to Derefeldt 1994):
Hue

Attribute of a visual sensation according to which an area appears to be
similar to one of the perceived colors, red, yellow, green, and blue, or to a
combination of two of them

Chromaticness/
Colorfulness

Attribute of a visual sensation according to which the perceived color of an
area appears to be more or less chromatic.

Saturation

Chromaticness/Colorfulness of an area judged in proportion to its
brightness

Lightness

The brightness of an area judged relative to the brightness of a similarly
illuminated area that appears to be white or highly transmitting.

Table 1: CIE color properties

The emotional meaning of color has been a topic of study by psychologists, artists
and philosophers for centuries. Not until recently has any scientific studies been
carried out on the subject. Earlier studies were often built from introspection and
therefore showing quite arbitrary conclusions. Nonetheless they provide an
interesting reference to compare with later empirical studies. Goethe wrote an
9

extensive color theory (1810) and made vivid conclusions about the affect and
meaning of colors.
2.4.2 Goethe’s color theory
Goethe first divided colors into three categories: positive, negative and neutral. In
general the positive ones have an agile, lively and striving effect on mind. The
positive colors and their influence are:
• Yellow—Awaken, kindly seducing, warm and pleasant.
• Red-yellow (orange)—The same influence as yellow, but more energetic,
powerful and glorious.
• Yellow-red—Violent and very energetic, in a pure shade even shocking.
The negative colors come with a worried, weak and longing perception. The
negative colors and their influence are:
• Blue—A contradiction between urge and calm. Seducing but cold.
• Red-blue (lilac)—A bit more energetic than blue, in a nervous anxious way.
• Blue-red—Even more anxious.
The neutral colors in Goethe’s color system are:
• Red—The negative and positive categories meet in pure red and create
equilibrium. Dark red communicates seriousness and dignity, light red
delightfulness and pleasure.
• Green—Peaceful, satisfaction
Goethe gathered his findings by studying nature and his own and others reaction to
colors. There are not many scientific studies on the subject of color meaning, but in
the last decades Sivik and colleges have made several comprehensive studies (Sivik
1974, Sivik and Hård 1989, Taft and Sivik 1991).
2.4.3 Sivik’s study of color meaning
Sivik is one of the originators of the Natural Color System (NCS), a color encoding
system based on a phenomenological analysis instead of physical attributes of
stimuli, used in most other systems such as Munsell’s (Sivik 1997). This means that
a color is described by how it is actually perceived cognitive by humans. NCS builds
on four variables: hue, chromaticness, whiteness and blackness. Sivik describes the
reason to replace lightness with whiteness and blackness (1997):
“Compare for example a light blue color (NCS 2020 B30G) with a strong
yellow (NCS 0070 Y10R) while holding them far apart. Most people will
say that the light blue looks far lighter than the yellow color—until they see
the samples juxtaposed and find that the light blue was darker than the
strong yellow (which nobody would call light yellow). In this case, was it
the lightness that was estimated or the whiteness?”
10

Whiteness is how much the color resembles white and blackness is how much the
color resembles black. We do not need to go further into the theory and notation of
NCS to continue with Sivik’s studies of color meaning.
One fundamental question for the use of colors in our design is if specific colors are
associated with the same meaning among people. In a controlled environment with
studies on separate color samples, a considerable correlation between color and
bipolar variables (i.e. warm–cold) was found. A larger variance among people was
found on more subjective properties such as like–dislike (Sivik 1974, Sivik 1997).
In his study Color meaning and perceptual color dimensions (1974) Sivik exposed
168 Swedes to color samples and asked them to judge the samples on different
bipolar variables. He found four semantic factors: excitement, evaluation, potency
and temperature. Most of the bipolar variables belong to the excitement and
evaluation factor. Below is a summary of his findings.
Excitement
Loud—Discreet
Exciting—Soothing
Tense—Relaxed
Shameless—Demure
Vulgar—Cultivated
Stimulating—Dull
Active—Passive

Evaluation
Positive—Negative
Unappetizing—Appetizing
Beautiful—Ugly
Healthy—Sick
Like—Dislike
Hygienic—Unhygienic

Potency
Energetic—Lazy
Expensive—Cheap

Temperature
Warm—Cold
Dry—Wet

Table 2: Sivik’s factors

The excitement factor is very dependent on chromaticness. The more chromatic a
color is the more exciting, loud, stimulating and active it is perceived. Contrary to
many theories (including Goethe’s), Sivik did not find excitement to be hue
dependent. All hues gave similar connotations if the chromaticness was constant.
He argues that the reason why many people connect red with excitement and green
with calm is because we often picture different color names with different
chromaticness. A red is often thought of as strong while a green is weak. This in turn
could be explained by the fact that colors often have different strength in nature and
our environment.
The evaluation factor is more about subjective values—what is appealing and what
is not. Sivik did not get as clear-cut results as in the case of the excitement factor.
Strong colors (high chromaticness, low whiteness and blackness) show small
differences when varying hue. Weak lighter colors (low chromatics, low blackness,
high whiteness) show much more differences when varying hue. Light yellow and
blue are considered beautiful while light red (pink) is disliked. Blackish variations of
yellow-red (brown) also scores low. Blue is the most liked color considered all
different variations of chromaticness, whiteness and blackness.
11

Sivik found the potency factor to be mostly dependent on whiteness and blackness.
High blackness, independent of chromaticness, is considered potent in red, green
and blue hues. High whiteness gets the opposite interpretation. Yellow show low
potency in all cases except with high blackness and low chromaticness.
The temperature factor is mostly dependent on hue. Yellow, yellow-red and red are
considered warm, while blue and blue-green is considered cold. Red-blue and green
gets a quite neutral score. Yellow red and green all gets warmer with increased
chromaticness. Blue does not show this pattern, it is perceived coldest with high
chromaticness but also with high whiteness.
Later studies show that color associations can be cross cultural, at least in some
western societies. (Taft and Sivik 1991).
2.4.4 Color circles
Ståhl (2005) used Itten’s color circle (Itten 1971) as a basis for representing
emotions as colors. Itten’s color circle consists of 12 colors and is similar to many
others circular color representations, such as Munsells’s and Goethe’s (Derefeldt
1994). This does not seem to be a coincidence, in fact, when asked to sort colors
along a line, a large majority of people order colors in exactly this way (Sivik 1997).
To match colors to Russel’s Circumplex Model of Affect, Ståhl turned Itten’s color
circle 90 degrees counter-clockwise. This way the warmest colors face upwards.
This ordering now corresponds quite well to some theories of color semantics, such
as Goethe’s. The intensity of emotions on Russel’s model, movement along the x
and y-axis, is represented in Ståhl’s color circle by lowering the chromaticness and
increasing the lightness towards the middle of the circle (neutral emotions). Although
not investigated by Ståhl, the circle she created in some aspects also agrees with
the findings by Sivik—excitement dependent on chromaticness, potency dependent
on whiteness and blackness and temperature depending on hue. We will investigate
how this could be used in design in the next chapter.

Figure 3: Itten’s color circle transformed by Ståhl, in relation to Russel’s Circumplex Model of Affect.
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2.4.5 Shapes and form
A graphical representation consists of form elements. These elements can have
different colors and shapes, and sometimes also movement as in animations. The
topic of how shape affects us is not usually a scientific one. Art is the obvious area
where this is discussed, but seldom explicit enough to be adapted as guidelines in
design. Gestalt psychology is an area that studies how humans group objects
visually. There are numerous Gestalt principles, visual patterns that are interpreted in
predictable ways. Below is a visualization of the four most common principles
(Anderson 2000).

Figure 4: Gestalt principles (image taken from
http://www.cl.cam.ac.uk/Teaching/2000/AGraphHCI/HCI/hcinotes.html)

Proximity: Objects close together are seen as belonging together.
Similarity: Objects similar to each other are grouped together.
Good continuation: The figure are more likely seen as two line crossing each other,
not two lines touching each other.
Closure: The figure is seen as one circle occluding the other, though other possible
shapes could exist.
These principles are valid for most of us and therefore important to consider when
creating a design (Anderson 2000).
In the field of Information design, Edward Tufte has written three exhaustive books
on how to present information in the most clear and straightforward way possible
(Tufte 1983, 1990, 1997). Although the design we are aiming at may not share these
goals, it is worth mentioning some of his guidelines, if not else to learn what
principles to break to create something ambiguous and interpretable. Below is a
selected and consolidated list of his recommendations that have an impact on our
design (Tufte 1983, 1990):
1. Use the least “ink” possible to present information.
2. Avoid superfluous design such as borders, patterns and grids or use with
scarce and in non-obtrusive dimensions/colors.
13

3. The number of information-carrying (variable) dimensions depicted should not
exceed the number of dimensions in the data.
4. Avoid color-coding, colors often generates graphical puzzles.
5. Multiple small images of a changing state are effective to show flow and
changes.
6. Circular shapes are treacherous as data containers; the perceived size grows
slower than the actual area.
Point three and four are examples of recommendations that might have to be
inverted to fit our design goals. This will be further discussed in the next chapter.
2.4.6 Animations
Animation is a powerful tool to make a representation more engaging and easier to
relate to. Studies by Heider and Simmel (1944) show that people very easily ascribe
human properties to simple geometrical shapes when animated. A simple 2D
animation consisting of circles, triangles and squares got interpreted as a fullfledged drama. It turned out that the movements of the objects were given symbolic
meaning by subjects. For example, all subjects interpreted an episode when two
objects bouncing at each other until one does not move as a fight. Interestingly,
most subjects also thought of the object hitting more frequently as a “bad guy”, so
even personalities were read into the moving objects.
Disney is the most obvious pioneer in animated characters. Some of their vast
experience can be applied to the design we try to create. In the early days of
animated film they tried to minimize the tiresome work of making unique frames,
which resulted in animations that looped, such as someone walking funny along a
line. The audience found the repetitive pattern captivating; they actually enjoyed
watching the movements over and over again (Thomas and Johnston 1984). A winwin situation we hope can be achieved with the very basic animation in our
representations.
It is effective to not show too much when trying to communicate emotions through
animation. By leaving details out, the audience will complete the story themselves
and get more engaged in the actual emotion—especially if the goal is self-reflection
and subjective interpretation. The motion in the animation quite naturally has a big
impact of how it is perceived. A smooth harmonizing motion, such as a waveform,
tells the story of something peaceful, while a rapid uneven motion gives the
impression of something chaotic (Thomas and Johnston 1984).

14

3 Design
The design of the representations3 was an iterative process that grew with the
advancement of the project. In the first outline for this thesis, the design was only a
minor part of a more holistic approach to the subject, including privacy aspects and
end user applications. When the design work started it became clear that it had to
cover many different types of design if a meaningful evaluation would be possible.
We found out through testing that fine-tuned variations of a limited kind of
representations would most likely bias the subjects interpretation and limit their
imagination. Therefore the design of multiple representations and evaluation of
these became the sole topic for this thesis. This adjustment of the project is an
example of how the designing process works. To be able to solve a problem we
need a problem. But at the beginning of the project the problem was not clear
enough to make up a specification of the solution. As the work came along, through
research, workshops, meetings and sketches, the shape of the problem changed.
Löwgren and Stolterman (2004) describe this clearly (translated from Swedish):
“The possibly most fundamental and specific character of a design
process is that the understanding of the situation where the artifact will be
used develops together with our attempts to design the artifact. During
the design process we formulate the problem together with ideas of how
it can be solved.”
They emphasize the design process as a dialog with the situation, the designer
must “listen” to the outcome of the design and adapt it further. This is an
iterative process that reformulates both the problem and the solution along the
way. It describes quite well how the design of the representations in this
project came along.
In essence, the design problem is to map sensor data to graphical representations
that reflect the subject’s experience of that day. A foundation for the design
techniques used has been discussed in chapter two. Not all design choices can be
traced back to theory, but it has been done where possible. Before each image is
described in detail, further explanation of how the images are created is needed.

3.1 Elements of the design
In the following sections the theories from chapter two will be discussed in the light
of our design process. These topics are applicable for the design of most images:
• Sensor equipment—Which sensor equipment we use
• Biometrical data—Which kind of data we use
3

The word representation is used when referring to one way of depicting something, for example the
use of color. The word image is used when referring to one of the created images, which in turn are
made up of multiple representations.
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•
•
•
•

Use of color—How color is used in the design
Use of shape—How shape is used in the design
Time representation—How time can be represented
Data collection and the creation of images—How the data ends up in graphical
images

3.1.1 Sensor equipment
We decided to use commercially available sensor equipment for the user study
since the focus of this thesis is not hardware design. The equipment must reach the
following requirements:
• Non-intrusive—wearable with normal outfit and not make the wearer feel
uncomfortable or like a guinea pig.
• Long endurance—must record data for at least 12 hours without user
involvement.
• Measure heart rate and GSR—two of the most important physiological
reactions connected to emotion and experience (see chapter two).
• PC connection—easily connectable to a standard PC for data retrieval.
A couple of years ago there were no available products that even came close to the
specifications above. At the time of the study there is still no sensor equipment that
supports both heart rate and GSR in one device.
Body Media Inc. has a multi-function sensor hardware called SenseWear. It is a
lightweight armband that is fastened on the right upper arm. It automatically records
GSR, Heat Flux, Skin Temperature and 2-axis accelerometer for about 10 days nonstop. It connects to a PC via an USB-interface and stores the sensor data in XMLformat, which makes data processing easy. Although the intended uses are training,
rehabilitation and health care, it is also popular in research such as this. The
combination of useful sensors, non-intrusive design and non-stop recording makes
the product ideal for this study. An upcoming version of the SenseWear armband is
rumored to also support heart rate measuring.

Figure 5: Body Media SensWear armband, Polar AXN500 pulse watch with chest strap.
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Polar is one of the leading producers of so-called “Pulse watches”. They are popular
among athletes to optimize training. The system works with two components, a
clock to wear around the wrist and a wireless transmitter to wear around the chest.
The downside with this solution is the chest strap that some people find
uncomfortable. At the time being we believe this is one of the more reliable and nonintrusive heart rate measurement available. The model we chose is named AXN500
and has the capability to connect to a PC via IR-link. It has a less sporty look
compared to other models and we assumed that it should therefore appeal to a
wider target group. The built in memory can record at 15s intervals for up to 48
hours.
3.1.2 Biometrical data
The following data were mapped to some graphical element once or more in the
different images:
•
•
•
•
•

Galvanic Skin Response (GSR)
Heart rate (Pulse)
Heat Flux
Pedometer
Acceleration

Most used of these are GSR and pulse. GSR because its connection to arousal
(discussed in chapter two) and pulse as a general indicator of activity. GSR and
pulse should not be seen as to have complete separate meaning, since increased
pulse can have emotional causes and GSR can rise for a number of different
reasons. But we believe they are the best biometrical data that are available right
now. Heat Flux is used in one image to test if it can be used as measurement of
arousal. Pedometer is used to represent movement and acceleration is used in one
image to determine body position.
3.1.3 Use of color
As discussed in chapter two, colors have a psychological meaning to most people.
It is therefore one of the most important representations of our design. The
successful use of colors in the eMoto project (Ståhl 2005) is a great inspiration. The
eMoto project used color to represent two underlying dimensions, arousal and
valance, in Rusell’s Circumplex model. We are not able to read valance with our
biometrical data as input. In most of the representations the use of color is therefore
aimed to only represent arousal (GSR). Looking back at Sivik’s factors, there seems
to be a logical match; arousal can be translated to a combination of excitement and
potency. Sivik found the excitement to be mostly chromaticness dependent while
potency is mostly dependent on whiteness and blackness (lightness). Representing
arousal with colors could consequently be done by varying chromaticness and
lightness. The common perception of how different colors are depicted in nature
should also be taken advantage of, something that Ståhl does with her color circle.
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All this combined results in a five-graded color scale called blue-yellow-red (figure
6).

Figure 6: Color scale blue-yellow-red

Hue follows Ståhl’s circle along the arousal dimension on the positive valance side
(right), beginning with low arousal. Chromaticness increases and lightness
decreases with high arousal. The limitation of five grades makes each color clearly
separated and simplifies the work of creating each representation.

Figure 7: Color scale blue-lilac-red and lilac-green-orange

Hue is the parameter least accounted for from previous research, which is why two
more color scales with different hues are tested as well (figure 7). Chromaticness
and lightness are unchanged. Blue-lilac-red also follow the arousal dimension, but
along the negative side of valance. The start and end colors are the same as the
blue-yellow-red scale. Since there is one less primary color it has a more narrow hue
scale. The third scale is called lilac-green-orange. It follows the valance axis instead
of arousal in Sthål’s circle. Because of this it should theoretically not be as intuitive
as the other two scales, since valance is not a property we map to.
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Figure 8: The hue mapping of the three different color scales on Ståhl’s color circle

3.1.4 Use of shape
To be able to use colors we need something that can be colored. Most images are
built of some kind of shape that can obtain different colors. One shape that is used
in several images is the circle. It is a holistic shape that is easy to manipulate and
combine. Changing size is a powerful way to change the appearance of a shape. A
small object in contrast to a larger one may be interpreted as a skew strength
relationship between the two objects (Bang 1991). In section 3.1.2 we declared that
GSR and pulse are the most used biometrical data and in the previous section how
GSR is the logical mapping to color. Pulse can be understood as general activation
level. A low activation level could be seen as less powerful and consequently be
represented by a small object. The size/area of an object is therefore mapped to
pulse in images where it applies.
3.1.5 Time representation
The representation of time has two main variables—the graphical layout of time and
the dynamics of time. We do not intend to cover any of these aspects thoroughly,
since they are topics of their own, but we will touch upon them to see if we can find
any tendency of what works. The graphical layouts used as representations are the
following:
• Circle: The circle representation is one of the foundations of time—the rotation
of the circular earth. In our daily world we encounter it in the analog watch.
• Timeline: A timeline is the simplest representation of time. It is often used in
informational graphics.
• Half circle: By combining the circle and the timeline we get a timeline with a
bend. This could be a metaphor of the suns path on the sky, an indication of
passing time.
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Most of us have experienced how differently time can be perceived. Expressions
such as “Times flies when having fun”, “Longest second of my life” and “It last
forever” are examples of how well known this phenomenon is. The question is if this
could be expressed in the representation of time. One way to do it is by assuming
that moments with high activity, such as high pulse, are perceived to take up more
time than moments of low activity. It is clearly an oversimplified model, but might at
least inspire a discussion on the subject. It is also easy to test since size is
represented by pulse in some of the images.
3.1.6 Data collection and the creation of images
The data are aggregated manually. The pulse watch saves data every 15 seconds
and the SenseWear armband every minute. To optimize the image making process,
an average value of 10 minutes around every half hour is estimated and used in all
images. This estimation is done by studying graphs of the saved sensor data. An
additional measurement is made in cases with a notable activity that take place
between two half hours. This additional data is used in images when possible.

Figure 9: Graphs of the data (pink = pedometer, red = GSR)

The range of values in different subject’s data differs significantly. Human beings are
highly individual in bodily reactions. For example, GSR amplitude differed up to 10
times between individuals in our tests. The scale used to map sensor data to
graphical representations therefore needs to be individual. Both the base value and
the intervals are adjusted to make the image more diversified. Measurement over a
longer period of time would improve the adjustment since not all possible emotional
states can be expected during one single day.
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The images and animations are manually created with the software Adobe
Photoshop, Adobe Illustrator and Adobe (former Macromedia) Flash. The manual
process is chosen to get most control of the output and to save time. Although a
complete set of images and animations take about 12 hours to create for each
workshop, with only five subjects the work is manageable. The amount of work it
would take to create an automatic process would be a thesis of its own. Since the
design is of highly experimental nature it is dubious if such an automatic process
would be of any use to future work anyway.

3.2 Images
We are now ready to present each image and what representations they consist of.
The example images shown are created from a day of the authors own life. To make
the images more meaningful a short summary of the day follows:
“It was a quite diversified day, with many different activities and moods. At
noon I arrived (late) to a business meeting in a fancy restaurant. This was
quite tense, since I had a conflict with one of the participants, which we
were supposed to resolve. I left the lunch two a clock to shop some
things. A shop assistant made me quite uncomfortable. Back to my
apartment at three a clock, fixing the computer and studying. I take a walk
half past six to clear my mind. Back at apartment at eight, watches TV for
the rest of the evening.”
High resolution versions of the images are available at palle.derkert.com/msc.html
3.2.1 Circle of balls
The Circle of balls4 image consists of multiple balls placed in a circle that represents
time by the 12-hour analog clock analogy. The time scale has fixed width; the balls
are equally distanced at every half hour. The use of multiple separated objects
follows from Tufte’s theory that multiple small images show progress over time. The
circular shape of a ball is holistic but yet neutral. It is flexible in the way that two
balls are perceived clearly even if they overlap each other. Each ball has three
changing parameters:
• Size is mapped to pulse. The perception of the size of a circle does not grow
linear (see Tufte above). This is compensated for by making the area of the
circle grow about two times the pulse rate.
• Color is mapped to GSR. The blue-yellow-red scale is used. If the GSR is in a
transient state between two colors, the colors are mixed with the forthcoming
color fading in from the center. This is done to enhance resolution.
• Motion Blur is represented by pedometer in four intervals. Non-movement is
perfectly sharp, interval movements (i.e. typical office work) are somewhat

4

Word ball used instead of circle to avoid confusion.
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blurred, continuous movements more so and intense movements (i.e. walking
fast/running) are very fuzzy.

Figure 10: Circle of balls

As we can see the image is quite diversified, matching my own experience quite
good. The tense lunch meeting from twelve to two is clearly visible, strong colors
and larger circles. The inconvenient shopping experience stands out at half past
three. The walk in the evening is shown by the blurry circles. The evening was the
most relaxed period of my day, visible in the less intense green and blue colors.
3.2.2 Half circle of balls
This representation is very similar to Circle of balls and its main purpose is to test
the color scale lilac-green-orange and the half circle time representation.

Figure 11: Half circle of balls
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3.2.3 Line of balls
Another version of the balls representation, but with some more substantial
changes. Time is represented by a straight timeline. The time scale is dynamic; all
balls are placed separately with no overlapping. This makes high activity situation
take up more space and therefore get emphasized. The blurred movement
representation is gone, replaced by different shapes of the balls. The balls can take
the shapes of a standing ellipse, a circle and an ellipse lying down. This represents
the body position of the subject (standing/sitting/lying down). It is measured in two
steps. The accelerometer shows if the subject is lying down or not. By examining
the pedometer when the subject is not lying down it is possible to approximate if the
person is standing or not, since we seldom stand completely still. This is not a
completely reliable method since some activity does involve strong arm movement
when sitting, but tests on ourselves show that it is accurate most of the time.

Figure 12: Line of balls (split into two rows to fit the document format)

On my test day the shape of the balls clearly highlights the moments when I was in
motion.
3.2.4 Free figures
The image consists of separate lines/figures of different shapes and colors. The
figures are design to be emotional expressive, high arousal is depicted by thick edgy
lines and low arousal by harmonic waves. This is meant to be more explicitly
emotional than the representations in the other images where more neutral
properties are altered. To avoid contra dictionary expressions both color and shape
are mapped to GSR. This works against Tufte’s rule about not altering more visual
variables than there are data variables. We decided to go with this anyhow, since
tests on other combinations of mapping were confusing.
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Figure 13: Part of Free figures

3.2.5 Filled circle
Filled circle builds on the circular time representation. There are two changing
variables:
• Fill grade is the area of the circle that is colored in any given moment. Fill
grade is mapped to pulse, the higher pulse the more of the circle is filled. The
result is a unique figure that depicts the day.
• Color is the standard blue-yellow-red scale mapped to GSR. The colors are
faded into each other for a smother look.

Figure 14: Filled circle
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3.2.6 Filled timeline
This is a variation of the Filled circle image, but with a timeline instead of a circle
representing time. The color scheme is the same but it maps to Heat Flux instead of
GSR. In the image of my day this gives a quite different mapping, for example the
walk in the evening is now red instead of blue/green.

Figure 15: Filled timeline

3.2.7 The Worm
The Worm differs radically from the other images. The color is not directly mapped
to any data variable, but instead make up the background of the image. Each half
hour measurement is plotted to the background on two dimensions; pulse on the xaxis and GSR on the y-axis. A line is drawn between the dots chronologically, which
creates a unique shape—a “worm”. One way to read the image is to associate the
position of the mask to the color it covers. High pulse and GSR is represented by
red/purple, high pulse and low GSR is red/orange, low pulse and GSR is green and
low pulse and high GSR is blue. Chromaticness is higher close to the edges.
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Figure 16: The Worm

3.3 Animations
The role of animation is to test how the interpretation differs when the representation
is replayed instead of shown all at once, as is the case with the static images. To be
able to do this an animated version of each kind of image was created. Animations
are available at palle.derkert.com/msc.html
The balls representations were split into two different animations, the Morphing ball
and the Pulsating ball. In the former the area of the ball morphs into each other over
time. This makes the ball change size and color gradually. In the Pulsating ball
animation the ball does not change size with pulse fluctuations but instead pulsates
(size changes along a sinus waveform). The effect has a great similarity to a beating
heart. To enhance the effect the speed-interval is larger than the actual change of
pulse. Color is morphed but with solid colors only.
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Figure 17: An extract from the Morphing ball animation (palle.derkert.com/msc.html)

Free figures, Filled circle and Filled timeline share the same kind of animation. In
each one of these animations only a small part of the static version of the image is
visible at a time, moving along in a steady pace.

Figure 18: An extract from the Filled circle animation (palle.derkert.com/msc.html)

The Worm image is animated by only showing a part of the line at a time. Making
the Worm “crawl” at a steady pace would be the best way to show this, but no
convenient way to do this with the software was found. A simpler method is
therefore used where the next half hour is faded in while the last hour is faded out. It
is not as captivating, but do show the intention of the animation.

Figure 19: An extract from the Mask animation (palle.derkert.com/msc.html)
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3.4 Design covered
There are infinite ways to go through such a broad design process as this thesis
does. A pragmatic approach is needed to be able to do this in a limited time. From
the choices of sensor equipment to the reading of the data and construction of the
images, each step could easily be a subject of its own. But the goal is not to find the
exact right sensing technique or the best way to automate the processing of data.
The goal is to create something that can be tested on real people, to get their
thoughts of how their experience can be visualized.
The graphical representations cover some different properties of visualization—
colors, shapes and time representations, as well as some more abstract concepts
such as the Worm image. Simple animations test the use of retelling a story
chronological. This is not in any way the complete picture. But hopefully the
representations are diverse enough to make the test subjects reason about the
concept and be inspired to improve our design.

4 Study Setup
The goal with this thesis is to find out if it is possible to design for interpretation and
appropriation—and if that is the case—how it is done. Since this interpretation is a
process that takes place in humans, we must involve them to find out how it works.
Involving normal people (in contrast to designers/engineers) in a design process is a
method often referred to as User-Centered Design (Karat 1997) or participatory
design (Ehn 1992). There is no agreed upon definition of User-Centered Design, it is
more of a common name for involving users in the design process to make systems
more usable. It often implies an iterative process where designers study, work and
test (not necessarily including all of these) the design with potential users (Karat
1997).
Most previous studies of emotions and bodily reactions have been carried out
entirely inside the lab (Lisetti and Nasoz 2004). To be able to capture real
experienced emotions we must move the tests to the real world. An example of a
successful use of real world testing is the evaluation of eMoto (Sundström et al.
2006). By having users use eMoto in their daily lives they where able to capture
totally different behaviors and user experiences than they had anticipated in the
previous lab tests.
Our take on real world testing is to let subjects wear sensors one day in their life.
The sensors will register bodily reactions every minute of the day. Subjects should
carry on with whatever they had planned for the day. To believe that the presence of
the sensors do not impact the subject at all is naïve. But even if the subject feels
supervised, she does so in her own environment. That is an experience just as much
as any other, to reflect upon and interpret in the following workshop.
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The role of the test subjects5 is not merely to decide what representations they
prefer. By reasoning with the subject about the different images we want her to
elaborate with the representations and their meaning, and ultimately encourage her
to come up with new ideas of representations. The images shown are more of a first
step, hopefully in the right direction.
Let us return to the overall problem definition of this thesis from chapter one. The
questions we need to answer are:
1. Can we mirror physiological body reactions that are measurable with
commercially available sensors in such a way that they create a basis for
reflecting on our emotional experiences?
2. How could this sensor data be represented graphically so that we can
recognize ourselves and be inspired to interpret?
A positive answer to the first question is essential to be able to answer the second
one. In the realm of this user study the first question could be reformulated to be
more specific about the images:
• Can subjects relate to the images and interpret them as representations of
themselves?
The second question is to broad to address all at once and is therefore split into
more specific questions about how graphical representations work:
•
•
•
•
•

How are colors perceived and does the mapping to sensor data make sense?
How does the graphical shape of the images influence interpretation?
What happens when images get more expressive?
In what ways do animation change the experience?
How is time best represented?

These questions are the ones we will try to answer with the user study.

4.1 Procedure
The study procedure is divided into three parts, wearing sensors, confronting
representations and analysis. The following procedure is carried out with all
subjects, one at a time.
4.1.1 Wearing sensors
To get the sensor data from a subject she must wear the sensor equipment for one
day. The subject can choose the day to make it fit her schedule. If the subject wants
to wear the sensors on a “normal” day or wait for an unusual day is up to her. The
5

The word user is avoided since there is no real application we are testing, and therefore no obvious
use is apparent.
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experimental leader (Palle) meets up with the subject the day before (or early the
same day) on a convenient location for her and gives instructions on how to wear
the sensors along with an Informed Consent agreement (see appendix) that explains
the study and how the results will be used. The subject is also given a small
notebook with the instructions to take notes every half hour about what she is doing
and how she feels6. Anything extraordinary that happens in between should also be
noted. The subject wears the sensors for about 12 hours and is free to take them of
if she feels intruded or want to be unmonitored for a while. The next day the sensors
are collected and a time for the workshop is scheduled a few days later. In the
meantime the experimental leader creates the unique images from the data
collected.
Post study notes: The wearing sensors phase went fine with most subjects. The
SenseWear armband was most straightforward since it was completely automatic—
put on, take of. The pulse watch was a bit more complicated since it needed to be
manually turned on and off. This also opened up for accidental turn off. On the other
hand did most subjects express a joy in monitoring their pulse during the day on the
display of the watch. It could be quite problematic to get a good reading from the
chest strap, requiring readjustment and causing frustration. If the armband could
have been used to also capture pulse data the user experience would have been
considerable less intrusive.
4.1.2 Confronting representations
The workshop sessions took place at SICS premises in Kista. Only one subject and
the interviewer (Palle) were present. Before the workshop began the interviewer
explained the study briefly, informed the subject that she can quit the workshop any
time and asks her if she has any questions. The subject is then requested to sign the
Informed consent agreement and state if she accepts that the workshop is being
filmed. If this is accepted the video camera is turned on and the workshop begins.
The workshop is based on a questionnaire (see appendix). All different images of the
subject’s day are printed, and four of them (The Worm, Circle of balls, Filled circle
and Free figures) are fastened to a whiteboard two meters away from the desk. The
subjects own notes from the day are presented to her on a paper. The interviewer
explains that the main point with the study is to understand how she feels about the
images and that they do not tell any “truth” and could very likely be incorrect. The
message is stressed that we know next to nothing through the data, you are the
expert of your own experience. Painting material and a pair of scissors lies on the
desk and the interviewer encourage her to modify the images anytime. This request
is repeated during the whole workshop when the subject questions the images.
The subject is first asked to tell all about the day, what happened and how she felt.
If the subject is reluctant to elaborate about this, follow up questions are being
6

These notes are only used in the upcoming workshop, not when creating the images.
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asked so that a personal connection is established between the interviewer and the
subject. The subject is then asked to quickly choose the image that looks most
interesting on the whiteboard. The chosen image is taken down for closer
examination. This selection process is done to avoid presenting the images in the
same order to all subjects, which could affect the result. A very brief introduction to
the image is given, not revealing any information about how it is constructed. The
following topics are then discussed:
1. Why did you pick this image?
2. Walk through the image together with me from morning to evening. Explain
how you see the image in relation to what happened and how you felt. Is there
any correlation?
3. Viewing the image as a whole, how do you think it agrees with your
experience?
4. Is there anything you would like to change with the image?
Question two, three and four are the backbone of the workshop, but as the subject
start to reason about the image all kinds of follow up questions will follow. They can
vary a lot depending on the situation. The goal is to understand as much as possible
of how the image is interpreted and what could be done different to make it more
suited to the subject’s experience.
The selection process is repeated for the rest of the images on the whiteboard. We
have now discussed the main categories of images and we move on to study details
with the alternative images. The Half circle of balls and Line of balls images are
variations of the balls representation, with different color schemes and time
representation. The Filled timeline is the last image discussed. With all the static
images shown, the user is asked to pick her favorite one and motivate why it
represents her day best.
When all the printed images have been discussed we move on to the animations.
Instructions are given how to pause the animations. They are shown in their full
length before the interviewer asks any questions. The discussion centers on the
questions “How do you experience the animation compared to the static image?”
and “How could it be improved to better reflect your experience?”. When all
animations have been shown the subject is asked to pick her favorite animation if
that is not clear by then.
No information regarding how the images are designed or related is given during the
workshop. In the end of the workshop the interviewer explains the images and how
the sensor data maps to the representations. Each subject receives two cinema
tickets as compensation for their participation in the study.
Post workshop notes: Each workshop took somewhere between 90 to 120 minutes.
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4.1.3 Analysis
An analysis of the captured video and the elaborated images follows each workshop
session. First a rough transcription of the video material is made. Passages
considered important to the answering of problem (detailed in the six questions
above) are transcribed in detail. Some things said during the workshops are not
relevant for analysis and some discussions are repeated. A detailed transcription of
the entire conversation is therefore not considered necessary and would be very
time consuming. After the transcription is done a more detailed analysis is carried
out with this material as the base. By comparing the opinions and answers of each
subject separately, a better understanding for each subject is gained. When all
individual workshops and following analysis has been completed for all subjects a
comprehensive analysis begins. This focuses on both general trends and interesting
exceptions that together can answer the six questions. This is essentially the
content of the results chapter.

4.2 Subjects
The subjects were chosen from the criteria that they are believed to have interesting
opinions about the topic. They were not chosen to be representatives of any specific
user group, and not necessarily potential users of the technology. They have all
different backgrounds and knowledge. Participation in the study is voluntary, and no
subject is being pushed to take part. Wearing sensors and being interviewed about
your life can be a quite exposing experience. All subjects except Anja are in some
way acquaintances of the author; a choice made to make the process more
comfortable for all parties. There is a possibility however, that the friendly
relationship may affect the outcome of the study. The relationship could make the
test subject feel restrained to talk about some emotions or events. But since the
study is of an explorative and highly participating nature we believe that the wins of
familiarity are higher than the possible downsides. Anja is a good test to see how
well the study works when the interviewer is a stranger to the subject. In retrospect
we can conclude that the workshop situation with Anja was a little bit more tense
since the communication was not as fluid as with the other subjects. The workshop
was successfully carried out with all subjects and it is hard to say if the relationship
affected the study result.
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Yvonne

A 30 years old PhD researcher in Human-Computer interaction at Stockholm
University/KTH.

Elias

A 27 years old undergraduate student at KTH and Stockholm School of Economics. A
man with many titles—musician, interaction designer, entrepreneur and blogger.

Oscar

A 27 years old practical/theoretical philosopher applying for graduate studies at Uppsala
University.

Klara

A 22 years old art student with a big interest in the emotional life of herself and her
friends.

Anja

A 26 years old shop assistant at H&M. Got a big promotion the day she tested the
sensors, now at the purchase department.

Table 3: The test subjects (real names have been replaced)

5 Results
A fundamental goal with the study is to determine if there exists any
correspondence between our subject’s experience of a day and the images based
on the sensor data of the same day. If the images feel completely arbitrary vis-à-vis
their own experience of what happened, subjects will not be able to make a
connection, and no further analysis is meaningful. Luckily all five subjects could
recognize themselves in the images, more or less. The prerequisite for further
analysis is therefore fulfilled.
Although all subjects could relate to the images, the willingness to interpret differed
among them. For example, Elias showed a very pragmatic approach to the images.
He was more interested in knowing how the raw data looked and how the images
where created than discussing his feelings towards them. He kept asking how the
data was mapped to the graphics, and got irritated when he did not get it. He saw
the images more as puzzles that should be solved than meaningful representations
of his day. Klara on the other hand did not reflect one time of the underlying data
that constitutes the images. She only concentrated on the feeling the images gave
her, and enjoyed discussing it thoroughly. Elias and Klara have a completely
different approach to both technology and their emotional life. It is obvious that
reflecting on your experience in this way is not interesting to everyone.
Some quick results for each subject can be read from table 4. They are provided as
a reference to the qualitative results discussed below.
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Yvonne

Elias

Oscar

Klara

Anja

Favorite image

Free figures

Line of balls

Filled circle

Filled circle &
The Worm

The Worm

Favorite
animation

Pulsating
ball

Pulsating ball

Pulsating ball

Morphing
ball

Pulsating ball
& The Worm

Preferred color
scale

Lilac-grenorange

Blue-lilac-red

Blue-lilac-red

Blue-yellowred

Blue-yellowred

Preferred time
representation

Circle

Circle/Timline

Circle/Timeline

No particular

No particular

Sensordata match
to experience

Low

Medium

High

High

High

Desire to interpret

High, contra
dictionary

Low,
uninterested

Very high,
finds deeper
meaning

Very high,
emotional

Medium,
pragmatic

Table 4: Quick results.

The result chapter has been divided into six different categories ranging from how
things are interpreted (5.1-3), to issues of adding dimensions (5.4-5), and finally the
problem of representing time (5.6). These six categories maps to the six questions
listed in chapter four.

5.1 The Horoscope effect—a desire to interpret
All subjects but Yvonne had fairly well mapped correspondence between their
experience of the day and the captured sensor data. Our hypothesis about pulse
following both physical activity and arousal and GSR following mainly arousal is
confirmed in most cases, although there are some contradictions with all subjects.
Yvonne had the most conflicting data; it did not follow her activity and arousal level
more than occasionally. This could be thought of as a failure, that she would get the
least meaning out of her images. That was not the case. It turned out that Yvonne
had the least matching data7 but also a high desire to interpret the representations
in ways that made sense to her. Since the data was a bit contradictory it resulted in
conflicting interpretations of similar representations in the Free figures image. In
both cases, the shape of the figures are the same and the colors are orange
respectively yellow (Figure 20), but Yvonne says:

7

For example the relaxed evening resulted in very high GSR, while it dropped to zero during the
lunch break.
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At lunchtime (Free figures: orange color, edgy figures)

“I interpret this as a great time, but I should actually have been hungry and
felt as I usually feel when I’m hungry—not tip top—but evidently I was
[happy] because I was having lunch with you.”
Afternoon (Free figures, yellow color, edgy figures)

“But it could also be that there was more anxiety to be alone in the room
[…] I had no motivation, wrote some letters and talked on the phone.”

Figure 20: Yvonne’s two episodes with conflicting interpretation

She is able to read the quite opposite feelings anxiety and happiness into very
similar graphical representations. In the first quote there is also evidence of a high
level of trust that she puts in the image. She questions her own mood, hesitates and
thinks that she might be wrong and that the image must be right. As the data is of
highly experimental nature, the correspondence between their sensor data and our
images was not necessarily a good account of their physical, bodily experiences
during the day. Even if it had been, it is worrying if users believe that the “machineaccount” of what they have done is more true than their own memory of what
happened.
A similar behavior was something that other subjects also occasionally showed,
reflecting over their actions and trying to make up scenarios that matched the
image. It often occurred when the previous representation leading up to the
confusing part had been easy to relate to and thought of as correct. The trust in the
image has therefore been built up, which makes it harder to dismiss parts that are
not recognized. It rather spurs the curiosity and makes our subjects innovate
explanations.
Some of the images inspired the subjects to read things into the representation that
was beyond the actual data displayed. It mostly occurred in the images Free figures
and the Worm. In the Free figures image it can be explained by the expressive
figures that constitutes it, which will be discussed in section 5.4 of this chapter. The
Worm is quite different to the other images. The representation is built from
GSR/pulse values that are dotted in a matrix. The dots are connected by lines,
which together make up a unique timeline. This is not necessarily correct as the
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connection between the dots perhaps should instead have been disconnected lines,
or as Elias puts it:
“Maybe you are forced to travel over places you never were.”
This “timeline” created a shape, a gestalt, that the subjects started to interpret as it
entailed a meaning beyond the individual dots, as well as independent of the
colored background. This resulted in interpretations that was completely separated
from what could be understood from the raw sensor data:
Yvonne, explains why the line circulates in the same area

“It is partly because I was at the same location and partly because nothing
special happened.”
Oscar

“The points of intersection and fast directional turns feels like drastic
events—independent of the color.”
Klara, the line makes a loop

“Then I become worried, am I so boring that I walk in circles? […] I
recognize the feeling, even if I rather would have walked zigzag.”
Anja, the line is entangled with lots of intersections

“It actually looks like how I usually feels; trotting back and forth and
extremes that runs of.”
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Figure 21: The Worm with the discussed area highlighted. From the upper left clockwise: Oscar,
Yvonne, Klara, Anja.

In the above situations the stretching of the line happened to create a shape that got
interpreted emotionally or physically or both. In most of these cases this was
because the variations in the data was quite small. It made the dots come close
together and the interconnecting line shaped patterns. Most subjects actually
described those as making the image more detailed and convincing, although those
shapes arguable has little to do with the captured data. It definitely shows how easy
we have to read things into graphical representations.
A horoscope works because people wish to adapt and recognize themselves in
something that is even the slightest unique to them—a star sign. The
representations in this study are not that different, although they actually map to
something that is truly unique; bodily reactions. But since the body is not a very
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precise mirror of the mind, a good deal of imagination and interpretation is needed
to connect them. This study shows that most of us have no problem doing this—we
desire to create meaning. It is a good thing; images like these would not work
otherwise. But we do not want the images to overrule our own memory of the
experience, something we occasionally saw examples of with Yvonne and others. It
is a tricky balance, making representations interpretable in many ways but still
communicate something personal. We will discuss this further in section 5.4.

5.2 Colors and emotions
As described in chapter three, most of the representations map color to the GSRdata in some way. The exception to this is the Filled Timeline, which maps color to
Heat flux instead. Our hypothesis is that GSR mainly reflects arousal, and we have
argued that colors can mediate emotional meaning. The study should therefore test
how this relation works. Three different color scales were used, although the BlueYellow-Red-scale is more frequently used because it is the one we believe works
best (see chapter three).
Overall the use of color in the representations worked as intended. The lighter colors
with less hue were interpreted as calmer and the darker more intense colors were
interpreted as more emotional or active. All subjects thought it was intuitive to
interpret colors as the state they where experiencing emotionally, and sometimes
also physically. With that we do not imply that all color representations were
correct—the ease subjects showed interpreting colors made the representation
vulnerable to mismatches. Personal preferences also had an effect—favorite colors
make sense in many occasions, disliked ones hardly ever fits. Oscar and Klara both
disliked yellow and had a hard time interpreting it:
Oscar

“It feels like more can happen within the red color, there is more
possibility for flexibility. […] The yellow feels like a strange cross.”
Klara

“Yellow, I don’t know what to say about yellow… it feels more like a
cross.”
There was no clear winner among the three color scales. Least popular was the
Lilac-Green-Red. It was thought of as more ambiguous than the other two. That is
quite expected since it works along the valance axis instead of the arousal axis in
Ståhl’s circle. The popularity of the Blue-Yellow-Red scale and the Blue-Lilac-Red
was even, each of them preferred by two of the subjects and no subjects dismissed
neither of them. The Blue-Lilac-Red scale was easiest to interpret in terms of
legibility, as there was no confusion about the order of the colors. Some remarked
that it was less expressive and more “grayscale” since it contained one less primary
color than the other two. In the end, the color scale that was preferred seemed to be
a matter of personal preferences. It is all about what evokes emotional responses,
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as Elias describes it:
Blue-Lilac-Red scale

“I think this color scheme was fine-looking in some way, somehow it feels
more organic… it is prettier colors, beautiful from a bodily and emotional
perspective.”
The Filled timeline image was used to compare GSR to heat flux as a basis for the
choice of color. It turned out that heat flux was more closely following physical
activity than GSR, something already covered by the pulse measurements. With
Yvonne this meant that heat flux worked out better since her GSR values did not
match her subjective experiences of her day very well. Anja liked the Filled timeline,
although its colors were quite contrary to the other images that she also liked. While
the colors did not match her emotions that well, they highlighted the travel to and
from work. These travels marked important turning points in the day, which were not
so present in the other images. This shows how individual and unpredictable
interpretation often is. Four out of five subjects thought GSR was better matched to
arousal than heat flux, and therefore a better color determinator.

Figure 22: Anja’s Filled timeline with travel to and from work visible as red

5.3 Shape of figures
The images can be divided into two groups: connected images (Filled circle, Filled
timeline and the Worm) and separated images (all ball-shaped representations and
Free figures). Since the underlying data was measured at half-hour intervals, the
connected shaped images interpolate the data in between. Even though the same
underlying data was used, these two groups of images were quite differently
perceived.
When something is connected it makes up a unique shape consisting of the whole
time period measured. This had several effects on the interpretation. The most
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obvious was that it made it possible to get a more distinct overview of the day, since
each day is depicted in a single shape. Oscar describes his reflections based on the
Filled circle:
“This one was the only one that immediately gave me the complete
picture, the others were like a continuity, here it’s like a [whole] shape at
once—this was the day, this is how it looked.”

Figure 23: Oscar’s Filled circle

This “uniqueness” is taken one step further in the Worm image. The line
creates a shape that is connected to the colored background, but it turned out
that the line also tells a story on its own. This duality caused some confusion
at a first glance (as discussed above), but after studying the image for a while
most subjects found it quite fascinating. It proved to have a depth that
exceeded that of the other images. Klara gets quite perplexed by it:
“Now I think that this is different fields of emotion and that the line is
something that moves around in this field… it becomes hard to read. […]
Therefore I must think of the black line and where it is, it’s not the shape
of the black line… it becomes like two.”
A coherent shape can also conflict with how the day is experienced. Yvonne is not
comfortable with how her Filled circle depict her:
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“It’s one thing that you are one and the same person, but you don’t move
around like that, you are not connected that way.”
It seems that the single shape is not able to match the different roles that she
is experiencing during the day. Anja on the other hand is of another opinion
about the Filled circle:
“I like it when you see the continuity, because one event is not separated
from the other. Or sure, the events are separated, but my reaction is
always connected, it’s a gradual change that is easier to connect with one
of these [coherent shape] than the separated graphical figures.”
Opinions clearly divide here. If you compare the Circle of balls with the Filled
Circle, three out of five subjects favor the latter representation.
Are there any clear advantages of separated representations? One thing they
do offer is more design possibilities to customize the graphical shape of each
step. In the Circle of balls-representation the blurring represents motion. In the
Line of balls-representation each ball take a different shape depending on
whether the person was lying down, sitting or standing up. This added
information was valued as both pointless and enriching by the subjects. Elias
was clearly the most enthusiastic about body position:
“That was of course darn cool, it puts the other things in perspective!”
Elias was overall most fond of the ball images. He thought they were more
connected to time than the coherent images, which unique shape distracted
him and reminded him of other kinds of representations, such as a radar
image. The balls felt less complicated and easier to relate to. There is a clinical
feel to them that attracts him. But this evenness disturbed several of the other
subjects:
Oscar

“A ball feels like the most peaceful and harmonic shape, they could be
more uneven so that they actually had to do with something.”
Klara

“A circle is something flawless, it becomes very difficult when you put
several flawless things on top of each other. I have a hard time believing it
has anything to do with me.”
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Figure 24: Klaras Circle of balls

The overall verdict was that the perfectly round shape is not very easy to interpret as
a representation of you. It lacks the diversity of the experience of life.
Subjects mostly interpreted the size and/or filling grade as activity—physical or
emotional. It should be said though that it was often hard to distinguish exactly what
the interpretation was based on: shape, size or color. Although explicitly asked,
subjects often found it hard to analyze their own reaction. We learned that an exact
division of how each graphical element is interpreted by our subjects is not possible,
nor is it the main point of this study. Instead we focus on more fundamental
questions about how interpretation takes place—something we come back to in
chapter six.

5.4 Adding expressiveness
The Free figures image differs from the other images in that it consists of figures that
are uniquely designed, instead of simple shapes like circles. The figures were
designed to be expressive; high arousal is depicted by thick edgy figures while low
arousal goes with thin wavy figures, all of them distinctive in their shape. These
rather simple drawings created by the designer turned out to have a quite dramatic
effect of how images were perceived.
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All subjects thought that the figures communicated different expressions, but again,
they did not agree on how to read them. Klara got very confused by them. She tried
to interpret every single figure individually and it becomes difficult to get an
overview. She explains:
“I have a hard time relating to this image. It’s hard for the eye to read.
Either I read the whole picture; this is how my day was. Then I can maybe
relate to it… Or what I try to do now, go into details, which becomes
difficult. […] All those lines, it was what I missed here [Filled circle], the
details, but this was just too much at the same time!”
Oscar also reads a lot into every single figure. But he does not get intimidated by
them as Klara did. Oscar understands rationally that all figures are not deliberately
designed to carry a single unique message, but despite this he sees something
beyond what was intended by the design:
“It’s almost like you read them like symbols. They move into each other
and create different formations—what could this be, is that one going that
way. […] I believe that they have [meaning], its maybe not from your
decisions, but I believe that they have.”
Oscar thinks that somehow the figures and their relative position and direction have
a deeper meaning that goes beyond the logic of the design. This is a quite extreme
interpretation, almost approaching mysticism.
Yvonne likes the Free figures a lot—it is her favorite image. She explains that they
work very well as embodied representations of her because they feel alive just as
she does. They radiate ambiguity, and that is very much how she sees her
existence. Anja and Elias are not so fond of the figures. They find them possible to
understand, but not appealing. Anja believes the edgy figures are too aggressive;
they look angry, which contradicts the fact that she was mostly happy on those
occasions. The figures correctly express the high arousal that Anja felt, but with a
negative valance that go against her cheerful mood. This shows that a more
expressive design can also be limited in how it may be interpreted.
Adding expressiveness to an image seems to complicate matters. It can be very
successful if the expression appeals to the subject. But it is also obvious that it can
be the cause of confusion and restrain interpretation when the expression conflicts
with the experience. Ståhl (2005) acknowledges this in the design of eMoto, the
importance to find the right balance of personal expressivity. The expressions must
be even more restrictive when the design is directly mapped to fussy biometrical
data, and not from a human selection, as is the case of eMoto. This study shows
that it is difficult to make a design more explicit while still only representing arousal
and not valence.
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5.5 Animations—another dimension
During the study it became obvious that the animations that appeal to the subjects
are the ones that add something new to the experience. Filled circle, Filled timeline
and Free figures fails to do that. They repeat the graphics of the static images in a
slideshow, making only a part of the image visible at the same time. This turned out
to only subtract from the experience of the original image. All subjects agreed that
they offered no improvement over the static counterpart.
What did the other animations bring to the table? The Morphing ball does not
actually change any graphics of the original image. Instead it alters the
representation by morphing the multiple balls into a single one over time. Most
subjects thought this changed the perception of the representation, moving the
focus to the moment, but at the loss of the overall picture. Oscar puts it this way:
“This is more exciting in comparison to the circle. It feels like something is
happening, it feels good, it’s cool!”
He is obviously connected to the image, and has no trouble relating to it. Klara
enjoys it too:
“This is a bit more exotic… I almost feel confirmed by this!”
It is a quite successful interpretation when the representation even goes as far as
confirming her as a person. But the rest of the subjects were not as pleased with the
Morphing ball. Elias thought it did not add much new compared to the static
representation. Yvonne found it hard to relate to:
“I get the feeling that it’s very harmonic, it breathes. […] Life is messier
than what this animation depicts”
If the opinions about the Morphing ball were a mixed bag, the subjects were
more in agreement about the Pulsating ball. It maps pulse to actual pulsating
motion instead of size fluctuations. This turned out to be very effective in
making the representation feel alive. All subjects could relate to it and it was
obvious that it had a captivating effect:
Elias

“It’s very elegant if the pulsating represents the pulse. Great visualization,
feels really good.”
Oscar

“It becomes a physical experience, absolutely. You follow it—when it gets
more intense you actually become somewhat indignant by it.”
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Anja

“It feels like I’m about to die in the end, calmer and calmer, bluer and
bluer… lucky it ended when it did! [laughs]”
The pulse metaphor turned the ball into a living entity, something that
stimulated identification more than any other representation did.
The animated version of the Worm does not enrich the static image, but it
simplifies it. By only showing one hour at a time Anja finds it easier to grasp:
“It was interesting to see one piece at a time, it removes the focus from
the messiness. It was fun, absolutely!”

Figure 25: Extract from Anja’s worm animation with the fading effect visible

All subjects thought it would have worked better if the worm had crawled
instead of faded gradually. It would make it better anchored in time and
improve its sense of life.
Something that was frequently requested in the animation was more user control,
such as a timeline. It would let you watch the animation at your own pace and
thereby allow more reflection.
If an animation is to be motivated it must add something that is not depictable
statically—a sense of being alive. Only one of our animations truly did that. With the
Pulsating ball as a starting point, was it better than the paper image? Most subjects
thought they filled different purposes. The relationship between different parts of the
day is easier to analyze in the paper image. But if the purpose is to relive the
experience, then the animation works best. It was much more captivating.

5.6 The view of time
How people relate to time is highly individual. The images capture some of the
aspects of time by using different visual representations; clock shapes and
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timelines, fixed and floating scales. The ambition was not to cover all possible
representations of time, but rather to create a starting point for discussion. Some
additional suggestions were indeed presented by the subjects. Elias, who is a busy
guy, sees time as a calendar. He would have appreciated a design with a columnview of the week. Oscar explained that he does not follow the actual time that strict,
to him time is made up of different events:
“It’s not a continuous flow of equally long periods, it’s much much more
about intensity. Drastic things in your life feel so much much more, at
least the way they are remembered.”
This pinpoints the problem of representing time—it is perceived subjectively. Some
things you remember, some things you do not. Sometimes time flies, sometimes a
minute last for ages. The question is if we can support this by altering the
representation, or if it is just as problematic as making subjective expressions. It is
also a question of the purpose with the design. Do we want to create something that
supports our relative view of time, or do we want to inform about the actual time
spent? Both goals could support the experience, but in different ways. Elias is not
positive to the dynamic scale in the Line of balls image:
“Let me do that interpretation myself, don’t let the computer be so darn
smart that it shall decide what I thought was fun and that it went fast. It’s
hard to get that right, as in the case with the training—where I thought the
opposite. Then I dismiss the whole thing because it failed once.”

Figure 26: Part of Elias’s Line of balls, with the training episode in the middle

The scale in the Line of balls image is not even that stretched, but it contradicted
Elias’s experience once and he therefore looses trust in the image. Yvonne also
prefers a fixed scale. She suggests that periods with small variations could be
depicted by a stretched figure, while turbulent periods could have tighter figures to
enhance resolution. That could be another solution of supporting subjective
experience of different events. The other subjects did not have any problems with
the Line of balls image. They actually preferred the balls when they where not
overlapping each other and did not think that the variable time scale was disturbing.
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It is hard to draw any conclusions about how to represent time from this study and it
will of course depend on the purpose of the application being built. Subjects are
divided in which representation that appeal most to them. Two subjects disliked the
dynamic scale while the other thought it worked fine. The fixed scale did not
provoke any of the subjects and should therefore be more compatible, but it does
on the other hand not address the problem of representing the highly subjectively
experience of time. This study only scratched the surface of the time representation
problem. Other more dynamic and varying solutions will have to be developed and
tested.

6 Discussion
Remember the original problem definition from chapter one:
Can we mirror physiological body reactions that are measurable with
commercially available sensors in such a way that they create a basis for
reflecting on our emotional experiences?
In chapter two we discussed how emotions are actually created when we start
reflecting on the situation (Boehner et al. (forthcoming 2007)). This is something we
observed take place during the user study. The subjects had often not a clear
picture of all emotional states that they went trough the day they wore the sensors.
By watching the images and elaborating with them they got more emotional, and
started to construct emotions from what they remembered of the experience, but
also from what the images told them. This make the images more than just a mirror
that can be more or less correct; they become a tool that the subject has a dialog
with. The answer to the first question is therefore Yes—the images work as a basis
for reflecting on emotional experiences. But it is not obvious how this process is
best supported. This is the topic of the second part of the problem:
How could this sensor data be represented graphically so that we can
recognize ourselves and be inspired to interpret?
Before the user study this was thought to be a problem of getting the best version of
each graphical representation and combining them to create the best possible
image. It turned out to be more complicated than that. The subjects did have strong
opinions about the images, but it was not always easy to get them to analyze each
part of an image separately. This was most obvious with the connected images. We
therefore move focus from the separate representations8 to the question of when the
subject got most inspired to interpret. It became clear that for most subjects two
images that show a connected shape—the Worm and the Filled circle—were more
interpretable than the other images. The unique shape of these images made them
8

The results of these are described in chapter five.

47

interesting both as an overview of the day and in specific moments. It made the
images memorable and captivating. When asked which images the subject wanted
to keep, those two were the most popular. The connected shapes of these images
are not the product of one representation, but of all of them together. This unified
shape becomes a representation of its own, only quasi-connected to the sensor
data. This is especially true for the connected line in the Worm image. It made the
subjects curious, and inspired some advanced interpretations that could not be
traced back to sensor data in any way. An important question therefore arises: How
far should we combine and alter the representations to create an image that is not
mapped directly to sensor data. Taking it to far can make the image totally arbitrary,
which would probably make the subject reject it altogether. The Worm is maybe
taken a bit to far, even though several subjects got very connected to it.
An interesting parallel can be drawn to the Free figures image. The figures were
specifically designed to carry an emotional message. This worked very well for one
subject, while the others thought the detailed drawings got in conflict with their
experience. Why do most subjects relate to the Worm image (which is also quite
detailed) and not to the Free figures? Because the Worm image is not created by
designed objects, but by a set of rules that turns the data into a detailed image that
is truly individual. This is a very important difference. The designed figures are in fact
only labeling of expressions, not by words, but by pictures, which is essentially the
same. This goes back to the informational approach discussed in chapter two
(Boehner et al. (forthcoming 2007)). Our study supports their argument; designed
expressions are not a good method to support interpretation.
One must bear in mind that the data captured from the sensors are not very reliable
and that the emotional connection is quite arbitrary. This kind of representations will
never tell any “truth” about someone. They were not intended to be of interest for all
kinds of people. But they can work as a support for people interested in getting a
better contact with their physical reactions and emotional life. This study shows that
people who are susceptible to this might also enjoy studying graphical images of
their life.
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8 Appendix
8.1 Informed consent

STOCKHOLMS UNIVERSITET &
SWEDISH INSTITUTE OF COMPUTER SCIENCE

”BILDER AV DIN DAG” WORKSHOP

UTREDARE:
Kristina Höök
Professor

Palle Derkert
Magisterstudent

Institution för Data- och
Systemvetenskap
kia@sics.se

070 5617035

Institution för Data- och
Systemvetenskap
palle@sics.se

070 6684420

Du är tillfrågad om du vill medverka i en studie. Syftet med detta informationsblad är att ge dig de
fakta du behöver för att kunna avgöra om du vill vara med i studien eller inte. Du är välkommen att
ställa frågor om det är något du undrar över rörande studien. När vi har besvarat dina frågor avgör du
om du vill vara med i studien eller inte. Denna process kallas för ”informerat samtycke”.
Medverkan är frivillig. Studien kommer inte att innehålla ditt namn eller andra personuppgifter.

SYFTE
Syftet med studien är att undersöka om det är möjligt att skapa grafiska bilder som på något sätt
representerar känslomässiga tillstånd. Bilderna skapas utifrån data från sensorer som mäter
kroppsliga funktioner som till exempel puls och rörelse. Vi strävar efter att bilderna ska betyda något
för den som har burit sensorerna, den ska ge dig en känsla av upplevelsen som du har haft.
Vår som arbetar med detta försöker alltså lära oss hur man kan skapa grafiska bilder som på något
sätt ger dig en personlig spegel av hur din dag har varit. Har du haft en lugn och avslappnad dag vill
vi att det ska synas i bilderna vi skapar, liksom en hektisk dag ska ges ett matchande uttryck. Vi har
tagit fram några idéer på hur det kan göras, men vi behöver din hjälp att testa och utveckla dessa.
Vi kommer endast att studera hur sensordata kan användas för att representera upplevelser. Inga
andra studier kommer göras parallellt och ingen förutom vi som arbetar med studien kommer att ta
del av materialet.

TILLVÄGAGÅNGSSÄTT
Du kommer att bära sensorerna under en valfri dag, från morgon till kväll. De två sensorerna består
av ett tjockare armband som du har under tröjan på överarmen och en pulsklocka med ett tillhörande
tunt bälte som sitter i brösthöjd under tröjan. Sensorerna är diskreta och är inte uppenbara för
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personer i din omgivning. Du behöver inte komma till oss för att få sensorerna utan vi besöker dig på
en för dig läglig plats och visar hur sensorerna fungerar. Nästa dag hämtar vi sensorerna hos dig.
Själva workshopen kommer äga rum några dagar efter du burit sensorerna, på en tidpunkt som
passar dig. Den kommer att ta ca två timmar och äga rum i SICS lokaler i Kista. Självklart bjuder vi på
fika. Som tack för din medverkan får du två stycken biobiljetter.
Under workshopen kommer du och Palle tillsammans att gå igenom bilder som vi har skapat utifrån
vad sensorerna lagrat under dagen du hade dem på dig. Vi är nyfiken på hur just du tycker att dessa
bilder speglar din upplevelse av dagen. Det data vi samlat in kan inte liknas vid ett facit, de är
otydliga och ger på sin höjd en ledtråd om hur du har känt dig. Det är du som är experten på dig
själv, och vi vill gärna ta del av din kunskap för att kunna skapa bättre bilder.
Vi vill gärna filma workshopen kommer för att vi lättare ska kunna analysera materialet. Du
bestämmer själv om du accepterar detta nedan:
Jag samtycker till att materialet filmas och analyseras av oss som arbetar med studien.
Jag samtycker till att materialet kan visas för utomstående i syfte att informera om studien.
Det inspelade materialet kommer endast att användas för ovan nämnda syfte.

Du kan när som helst under workshopen välja att dra tillbaka din medverkan utan att ange
något skäl.

__________________________________
Signatur Undersökare
Datum

RESPONDENTENS MEDGIVANDE
Denna studie har förklarats för mig. Jag anmäler mig som frivillig att medverka i studien. Jag har haft
möjlighet att ställa frågor. Om jag har några frågor gällande studien i ett senare skede kan jag ställa
dem till någon av de ansvariga listade ovan. Om jag har några frågor angående mina rättigheter som
respondent, kan jag nå ansvarig utredare på numret ovan. Jag kommer att få en kopia av detta
samtyckesformulär.

_______________________________
____________________________________
Namnförtydligande Respondent Signatur Respondent
Datum
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8.2 Questionnaire

Visualisering av sensordata Workshop
Introduktion
Välkommen till SICS! Jag tänkte börja med att berätta om varför vi har den här workshopen idag och
hur den kommer att gå till. Du har fått ett informationsblad av mig tidigare. Har du läst igenom detta?
Vi försöker lära oss hur man kan skapa grafiska bilder som på något sätt ger dig en personlig spegel
av hur din dag har varit. Har du haft en lugn och avslappnad dag vill vi att det ska synas i bilderna vi
skapar, liksom en hektisk dag ska ges ett matchande uttryck. Vi har tagit fram några idéer på hur det
kan göras, men vi behöver din hjälp att testa och utveckla dessa. Idag ska du och jag alltså gå
igenom bilder som jag skapat utifrån vad sensorerna lagrat under dagen du hade dom på dig. Jag är
nyfiken på hur just du tycker att dessa bilder speglar din upplevelse av dagen. Det finns verkligen
inga rätt eller fel åsikter om detta, det handlar om din individuella upplevelse. Det data vi samlat in är
inte ett facit, de är otydliga och ger på sin höjd en ledtråd om hur du har känt dig. Det är du som är
experten på dig själv, och vi vill gärna ta del av din kunskap för att kunna skapa bättre bilder.
Jag vill även påpeka att vi här på SICS inte har någon Anjan avsikt med denna workshop än att lära
oss skapa bilder som överrensstämmer med människors upplevelse. Vi lägger absolut inget fokus på
något Anjat än att försöka förstå detta.
Jag vill gärna videofilma vår workshop idag, om du tycker det är ok. Det kan även hända att vi vill
visa materialet när vi informerar andra om studien och dess resultat. Vad tycker du om det? Så bra, i
informationsbladet kan du kryssa för att du godkänner detta. Har du några övriga frågor om studien
eller något Anjat?
Sätt på videokameran & diktafonen
Du har nu burit sensorerna i en dag.
Fråga Hur kändes det?
Fråga Berätta om dagen!
Utveckla, bli personlig
Vi ska nu titta på olika bilder som jag skapat utifrån vad sensorerna lagrat.
Ta fram respondentens tidsanteckningar
Du kan kolla på dina tidsanteckningar för att jämföra bilderna med dina aktiviteter.
Ta fram färgbläckpennor, överstrykningspennor, papper, sax
Kladda gärna på materialet om det är något du vill visa!

Visa grundbilder
Fyra numrerade papper med visualiseringar fästs på väggen en bit bort (ca 3m):
1. Bollar i cirkel
2. 2D masken
3. Fria former
4. Fylld cirkel
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Fråga Vilken av bilderna du tycker ser mest intressant ut?
Plocka ner det valda pappret och lägg det på bordet framför respondenten.
Fråga Varför valde du den här bilden?
Gå till vald bilds punkt nedan.
Upprepa bildvalet av övriga bilder på väggen.
Vid sista bilden som är kvar på väggen:
Fråga Hur kom det sig att du inte valde den här bilden?

● 1. Bollar i cirkel
Här ser du en cirkel som visar dygnet likt en klocka. Varje halvtimme ligger en boll som är tänkt att
representerar ditt tillstånd runt den tidpunkten.
Fråga Studera bilden och jämför med din dag. Kan du gå igenom cirkeln med mig och berätta om du
ser någon korrelation mellan bollarna och vad du gjorde eller hur du kände. Kladda gärna på pappret.
Följdfråga Hur tolkar du cirkeln när den är suddig?
Fråga Hur tycker du bilden av cirkeln som helhet representerar din dag?
Fråga Är det något du skulle vilja ändra på eller något som stör dig i bilden?

● 2. 2D Masken
Linjens sträckning är din dag från början till slut, siffrorna är klockslag så att du kan orientera dig i
tiden. Linjens väg genom färgrymden är tänkt att representera ditt tillstånd under dagen.
Fråga Studera bilden och jämför med din dag. Kan du gå igenom dagen längs linjen med mig och
berätta om du ser någon korrelation mellan din dag och de olika färgerna som den rör sig emellan.
Fråga Skulle du kunna kategorisera olika delar av färgrymden i olika aktiviteter/upplevelser utifrån hur
din linje sträcker sig?
Fråga Hur tycker du bilden som helhet representerar din dag?
Fråga Är det något du skulle vilja ändra på eller något som stör dig i bilden?

● 3. Fria figurer Figurerna är placerade längs en tidslinje. Deras form och färg är tänkt att
representera ditt tillstånd.
Fråga Studera bilden och jämför med din dag. Kan du gå igenom dagen längs linjen med mig och
berätta om du tycker figurerna speglar vad du gjorde och eller hur du kände.
Fråga Hur tycker du att figurerna tillsammans speglar din dag som helhet?
Fråga Är det något du skulle vilja ändra på eller något som stör dig i bilden?

● 4. Fylld cirkel Cirkeln representerar tiden som en klocka. Cirkeln är vid olika tidpunkter olika fylld.
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Fråga Studera bilden och jämför med din dag. Kan du gå igenom cirkeln med mig och berätta om hur
du tolkar cirkelns fyllnad.
Fråga Hur tycker du bilden som helhet representerar din dag?
Fråga Är det något du skulle vilja ändra på eller något som stör dig i bilden?

Nu har vi gått igenom de olika grundbilderna. Jag har också ett par varianter av bilderna som vi ska
titta på.

Visa variantbilder
● Bollar solnedgång
Här är bollarna från cirkeln igen, nu placerad i en del av en betydligt större cirkel och med andra
färger.
Fråga Hur tycker du att det här sättet att visa tid fungerar för dig?
Fråga Färgerna har ändrats i en Anjan skala jämfört med cirkeln. Hur väl tycker du de här färgerna
representerar hur du känt dig under dagen.

● Bollar goes figurer
Bollarna ligger nu längs en rak tidslinje. De kan även avvika från den vanliga cirkelformen.
Fråga Hur tycker du att det här sättet att visa tid fungerar för dig?
Fråga Även här har färgskalan ändrats. Hur väl tycker du att dessa färger representerar hur du känt
dig under dagen.
Följdfråga Vilken av de tre färgskalerna tycker du bäst representerar dig?
Fråga Hur tolkar du ändringen av cirkelns form?

● Fylld linje
Tidslinjen är här själva representationen och kan vid olika tidpunkter ha olika egenskaper.
Fråga Studera bilden och jämför med din dag. Kan du gå igenom tidslinjen med mig och berätta om
du hur du upplever den.
Fråga Hur tycker du bilden som helhet representerar din dag?
Fråga Är det något du skulle vilja ändra på eller något som stör dig i bilden?

Nu har vi gått igenom alla statiska bilder.
Fråga Vilken av alla bilderna tycker du föreställer din dag bäst?
Följdfråga om ingen klar motivering givits Motivera!
Vad sägs om en fika?
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* FIKA *
Laddar animeringar med färgerna som respondenten föredrog. Om någon av de animerade
representationerna föredrogs, kör den först.

Visa animeringar
Nu ska vi titta på några animerade representationer av din dag.
Ta fram respektive pappersvariant av animeringarna. Kör i den ordning som respondenten föredrog de
statiska bilderna.
● Bollar statiska
Animeringen kommer att spelas upp automatiskt. Om du vill pausa drar du musen till vänster sida av
cirkeln, för att fortsätta dra musen till höger sida igen (visa).
Kör hela animeringen
Fråga Hur upplever du animeringen?
Följdfråga om ej besvarat Vad tycker du om att se bollarna animeras jämfört med att se dom
alla på en gång? Förändrar det upplevelsen?

● Bollar pulserande
Här är en variant av föregående animering. Du kan fortfarande pausa genom att dra musen till vänster
sida av cirkeln.
Kör hela animeringen
Fråga Hur upplever du den här animeringen jämfört med den förra?
Fråga Hur förändrar den pulserande rörelsen din tolkning av bollen?

● Moving mask
Nu ska vi titta på en animerad variant av färgade linjen från tidigare.
Kör hela animeringen, flera gånger om det behövs
Fråga Hur upplever du animeringen jämfört med att se hela linjen på samma gång?
Fråga Gör animeringen att det blir lättare eller svårare att tolka linjen?

● Fylld cirkel animerad/fylld tidslinje/animerade figurer
Nu ska vi titta på en animerad variant av ovanstående
Kör hela animeringen
Fråga Hur upplever du den animerade representationen jämfört med en statisk bild?

Fråga Vilken av animeringarna tycker du bäst representerade upplevelserna under din dag?
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Fråga Vilken av alla representationer jag visat gillar du bäst?

Participatory design-fasen
Okey, det var allt material jag tagit fram. Jag lägger fram det här framför oss och lite olika verktyg och
material. Jag tänkte att vi tillsammans ska försöka förbättra bilden av din dag. Vi kan börja från
scratch eller modifiera eller kombinera bilderna jag tagit fram.
Låt respondenten förklara och skapa och försök samtidigt delta själv så mycket som möjligt i
skapandet. Sänk skaparångesten genom att kladda rejält…

Debriefing
Nu återstår bara att avslölja hur jag tagit fram bilderna. Det hela är som jag sa tidigare inte speciellt
märkvärdigt utan bygger på några få typer av insamlade data. Dessa är puls, galvanic skin response
gsr, heat flux, pedometer och accelerometer. Alla används dock inte samtidigt, de flesta bilderna
bygger enbart på två typer av data.
Visa alla bilderna och förklara vilka data som går till vilken representation.
Då är vi klara! Stort tack för din medverkan, den har varit värdefull. Hoppas du fick ut något av det
också! Du får gärna ta med dig kopior av bilderna hem. Om du är intresserad av animationerna kan
jag maila dom till dig.

Svar på eventuella frågor från respondenten
Allmänt: Berätta inte om hur sensordata representeras i bilderna förrän vid debriefing. Låt dock inte
hemlighetsfull när du förklarar detta, då det kan göra respondenten osäker och ge intrycket av att jag
besitter hemlig kunskap.
Respondenten frågar Vad betyder det att färg/storlek/linjen går så här?
Svar Jag har inget bra svar på den frågan, hur tolkar du detta? I slutet på workshopen kommer jag att
berätta om hur vi använt sensordata i de olika bilderna.
Respondenten frågar Vad är det för sensor som styr färg/storlek/linje?
Svar För att inte påverka dig i din tolkning av bilderna så kommer jag vänta med att förklara detta till i
slutet av workshopen. Då får du veta precis hur jag gjort bilderna.

58

