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Kurzfassung

Das Ziel dieser Bachelorarbeit ist es das Verhalten des Nutzers zu untersuchen bei
Benutzung einer Chat-Anwendung, welche Emotionen der Chatpartner visualisiert. Als
erstes wurden zwei Fokusgruppen mit jeweils sechs Teilnehmern durchgefiihrt um Ideen
fiir Emotionsvisualisierung im Chat zu sammeln. Nach Umsetzung von vier ausgewéhlten
Ideen wurde eine Nutzerstudie mit 28 Teilnehmern durchgefiihrt, die Paare und Gruppen
bildeten um miteinander zu chatten. Mit wochentlichen Interviews und Online Umfragen
wurde untersucht, welche Emotionen die Teilnehmer teilen und sehen mochten, in
welchen Situationen und mit wem sie Emotionen teilen wiirden. Zudem wurden sie
befragt, ob Emotionsvisualisierung ihre Bereitwilligkeit eine Chatunterhaltung zu starten
beeinflusse und ob sie bei der Nutzung Bedenken beziiglich ihrer Privatsphéare hétten.
Es zeigt sich, dass Nutzer es bevorzugen positive Emotionen, in erster Linie Freude,
statt negativen Emotionen zu teilen. Emotionsvisualisierung im Chat wurde genutzt um
Feedback iiber humorvolle Themen zu senden und zu erhalten. Die Teilnehmer m&chten
alle moglichen Emotionen sehen. Den Empfang von Trauer im Chat kann zu Fragen zum
emotionalen Zustand der Chatpartner fithren, wenn deren Chatpartner enge Freunde
oder Familienmitglieder sind. Die Teilnehmer waren besorgt iiber den Datenschutz
und der laufenden Webcam. Die Ergebnisse konnen in weitergehenden Arbeiten zu
Chat-Anwendungen, welche Emotionen vermitteln, genutzt werden und geben einen
Einblick iiber die Faktoren, welche beachtet werden sollten, wenn Emotionen im Chat
integriert werden.






Abstract

The aim of this thesis is to investigate the user behavior when using a chat application
which visualizes emotions of chat partners. Firstly, two focus groups with six partic-
ipants each were conducted to collect ideas of possibilities for emotion visualization
in chats. After implementation of four chosen ideas, a user study was conducted with
28 participants who built pairs and groups to chat with each other. With weekly in-
terviews and online surveys it was examined which emotions the participants would
like to share and see, in which situations and with whom they would share emotions.
Furthermore, they were asked if emotion visualization influences their willingness to
start a chat conversation and if they had privacy concerns during the usage. It can
be seen that users prefer to share positive emotions, primarily happiness, rather than
negative emotions. Emotion visualization in chat was used to send and receive feedback
about humorous topics. Participants would like to see all possible emotions. Receiving
sadness in chats can lead to questions about emotional states of their chat partners if
their chat partners are close friends or family members. Participants were concerned
about the data privacy and the streaming webcam. The results can be used for future
work in chat applications conveying emotions and gives an insight about the factors to
be considered when integrating emotions in chat.
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1 Introduction

Emotions can be communicated in several ways. The most explicit way is to tell emotions
another person in words. However, humans can distinguish emotions by other cues
as well. During a face-to-face conversation face expressions show emotional states
of the person. In most cases people can determine emotions well by looking at face
expressions [EF69]. Bearing and gestures are also cues that give information about
feelings. It is possible to determine if a person is lying because the spoken words do
not match with the face expression. Irony and sarcasm can be recognized since the
context of the situation is known and the voice tone can be heard. Text communication
lacks these hints. It is not always easy to tell if a message is meant ironical unless
the context can be determined by previous messages. Emotions can be easier hidden
since emotional states are not clear if a person does not explicitly mentions them. This
can lead to misunderstandings. The receiver of a message might think that a message
sounds angrier than the sender intended it to be because he or she was expecting this
reaction. It is not common to explicitly express emotional states in communication.
Therefore, emotions can often not be recognized in text communication. Emoticons
were established to express emotions. Thus, not everyone uses emoticons regularly.
It can be inappropriate to use them in serious conversations, for example between
co-workers. People use emoticons differently. Therefore, it is not clear if an emoticon
shows the actual emotional state of a person. They can be misinterpreted. An emoticon
for sadness does not necessarily imply that the person, who is using it, is sad. Within this
thesis a chat application will be built to convey emotions implicitly to give conversation
partners further information about emotions while communicating via chat. The chosen
application is Whatsapp Web since it is a common chat application that people already
use. This work contains a user study. Participants can be easily found who use Whatsapp.
It is thus not needed to implement a new chat application that participants usually do
not use in their daily life. Furthermore, they do not have to become familiar with it. With
help of a Google Chrome Extension the browser chat application can be augmented with
emotion. Face expressions give hints about emotions. Several application programming
interfaces (APIs) exist that can determine emotions by analyzing face expressions. The
extension will use an interface for detection of facial expressions and receive values
for particular emotions. The chosen emotions for this extension are anger, happiness,
sadness and surprise. Since people do not always have these emotions, neutral will be
added as a default emotion if none of the others apply. The main difference between
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1 Introduction

implicitly sharing emotions in chat and emoticons is that it is more difficult to hide
emotions in text communication when emotions are measured and shared. The user has
less control about the emotions that will be shown in the chat since he cannot choose
them himself or herself. However, it is possible to fake face expressions to send an
emotion that is not real. This can be done in face-to-face conversation as well. Faking
emotions is more difficult and requires acting differently.

This thesis examines how the chat behavior changes if emotions will be implicitly shared.
The user might become more aware of his facial expressions while chatting since he
or she will be recorded. Facial expressions could be suppressed intentionally to avoid
sending emotional states. Another possibility could be that the user expresses emotions
through his face more explicitly because he or she wants to share his or her emotions.
Since the user gets further information about the emotions of his or her chat partners,
he or she might be encouraged to contact chat partners to find out why the chat partner
is in a particular state. It is also imaginable that during chat the conversation partners
start to talk about the seen emotions of each other. Another eventuality is that users
avoid to contact their chat partners if they can see their emotional state and they find
it inappropriate to contact them. The chat partner could be, for example, angry. The
user then does not want to start a conversation to avoid conflicts. Another aspect to
investigate are privacy concerns that might come up during the usage. How does the
user feel about sharing emotions constantly during chat and are there any concerns
about recording the facial expressions? Research questions, examining these topics, will
be investigated through a user study with interviews and online questionnaires. It is
important to find out how people would like to receive the emotions of chat partners in
chat applications. Focus groups will be conducted to look at the users views and identify
their needs and wishes for further functionalities. Several visualization styles will be
then chosen for implementation. During a user study I investigate what participants
prefer. With this thesis it will be then elaborated what aspects have to be considered
when visualizing emotions in chat. Possible functionalities and improvements of the
existing extension will be written up at the end of this thesis.

Structure

This thesis is divided into following chapters:

Chapter 2 — Background and Related Work: includes the basic theory of emotions
and related work about applications that convey emotions.

Chapter 3 — Concept describes the idea of a chat application that conveys emotion and
the research questions.
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Chapter 4 — Focus Group is about the focus groups to find emotion visualization ideas.

Chapter 5 — AffEXT describes the design and implementation of the chat application
including emotion visualization.

Chapter 6 — User Study depicts the procedure and results about the user study to
investigate the research questions.

Chapter 7 — Conclusion summarizes this thesis and shows possibilities for future work.
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2 Background and Related Work

This chapter gives at first an overview about several emotion models and its characteris-
tics. It describes the origin of emotions in evolution and which purpose they had. The
basic emotions depending on the emotion model will be presented. The next section
describes how emotions can be measured. There are methods using facial expression to
distinguish emotions by measuring the positions of specific points in the face. Physiolog-
ical data measured with sensors on the body provide data to recognize emotions. When
a person is in a specific emotional state, several changes happen in the body. Heart rate
increases or decreases, pupils might expand and electrical signals in the brain change.
electroencephalograms (EEGs) are used to measure the latter. While speaking, pitch and
loudness of the voice change according to emotional states. Scientists have investigated
which variations in voice correlate to emotions. The following section describes how
to communicate emotions that can be used to convey emotions in applications. For
visualization, color can be mapped to emotions. Researchers investigated how different
typefaces correlate with emotions. Animation of text was used in applications to show
emotions. The last section gives an overview about applications that were developed to
convey emotions.

2.1 Fundamentals of Emotions

According to Plutchik [PK80], emotions have an evolutionary history since creatures
behave emotionally in order to survive. It is not sufficient to understand a situation. The
creature has to be motivated to react for survival [ES03]. This applies to animals as well
as to humans. However, expressions of emotions vary in species [PK80]. Plutchik states
that there is a small amount of basic emotions: fear, anger, joy, sadness, acceptance,
disgust, anticipation and surprise. With these it is possible to create the remaining
emotions as combinations of the basic emotions, which vary in their intensity. The basic
emotions can be paired as opposites such as joy, which implies gain, and sadness, which
implies loss. Plutchek arranged the basic emotions in a circle as a model. Emotions
that are similar are positioned next to each other while opposite emotions are arranged
adversely [PK80].
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2 Background and Related Work

In order to react to the surrounding, it is important that a person perceives and evaluates
the environment. Plutchik [PK80] called this a cognition, which is one aspect of emotions
and is based on internal as well as external stimuli. For example, a stimulus can be
the loss of a parent which will be then evaluated as isolation. The feeling sadness
follows as a reaction and the person may cry for help to get assistance. Plutchik points
out that this sequence of reactions is an emotion. Emotions can be used to describe
either a state or a personality trait that differs in the duration of the emotion. States
are temporary and disappear while traits endure [PK80]. According to Ewert [Arn72],
feelings are biological reactions of what a person perceives whereas emotions refer to
persons or situations. Therefore, emotions are related to social instead of biological
events [Arn72].

From an evolutionary point of view emotions reflect the behavior of animals dealing
with following problems: hierarchy, territoriality, identity and temporality [PK80]. The
hierarchy problem refers to hierarchical structures which enables creatures in high
hierarchical positions to access food or comforts first. Different ages or social classes
are examples of reflections of hierarchy in society. Dominance and submission, which
are connected with anger and fear, are shown in such hierarchies as behavior. The
territoriality problem refers to space that is seen as a safe place for a creature. According
to Plutchik, the emotions exploration and surprise are related to it. Identity refers
to the question to which group the creature belongs to in order to recognize which
creatures are of the same type and not dangerous. Acceptance and rejection are the
emotions referring to the problem of identity. Temporality refers to mortality. People
have to deal with loss of family members or friends which is accompanied by sadness or
distress [PK80].

Gokcay [GY11] points out that emotions can be presented through orthogonal compo-
nents in a semantic space, which was first mentioned by Osgood [OST57] in 1957 and
used in several of his experiments. Instances of emotions can be viewed in this space as
data points and clustered in categorizations referring to emotions such as happiness or
anger. After decades of experiments, two components took hold which are valence, from
pleasant to unpleasant, and arousal, from calm to excited. Bradley and Lang [BL99]
used these components together with a third, dominance, to arrange words in this
three dimensional space. According to Fontaine et al. [FSREQ7], four dimensions are
needed to sort words in the semantic space. They mentioned following dimensions:
evaluation-pleasantness, potency-control, activation-arousal and unpredictability. These
were derived by six components which are facial expressions and psychophysiological
changes, feelings, appraisals of events, emotion regulation and action tendencies within
their study. Participants were asked to rate four emotions of a set of 24 emotions
according to the likelihood of being related to 144 emotion features that can be sorted
according to the mentioned six components. Afterwards they reduced the dimensions by
finding the dimensions with greatest variance in the data set [FSREQ7].
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2.2 Measuring Emotions

Another idea is that there is a sequence of appraisals. With each added appraisal the
emotional state changes. This was first suggested by Scherer [ES03]. Usually it starts
with novelty [ES03]. Something new happens, which will be noticed. If the event in the
environment is not unimportant, usually pleasantness or unpleasantness follows. In the
latter case the person is often in a state of uncertainty, which leads to questions about
the situation. For example, he or she might ask himself or herself if it is important for
him, what is going on and if it can be controlled. Different emotions arise dependent on
the answers of these questions. However, appraisals are usually unconscious. In contrast
to the dimension theory, appraisal theory does not only describe emotions but provides
an explanation of emotions [ES03].

Overall, there is a great variety of emotion definitions. P. Kleiniginna and A. Kleinig-
inna [KK81] investigated 92 definitions which were classified in 11 categories. Like
Plutchik, they found out that there is great inconsistency between definitions but could
see trends about multi-aspects and mentions of the affective and cognitive components.
Therefore, two categories are about affect and cognition, three of external emotional
stimuli, some about disruptive or adaptive effects and multi-aspects of emotional phe-
nomena. Others distinguish from emotion and other processes or state that overlaps exist
between emotion and motivation. They suggest that an emotion definition should de-
scribe many possible aspects of emotions in order to get a broad overview and provided
the following definition:

“Emotion is a complex set of interactions among subjective and objective factors, me-
diated by neuralhormonal systems, which can (a) give rise to affective experiences
such as feelings of arousal, pleasure/displeasure; (b) generate cognitive processes such
as emotionally relevant perceptual effects, appraisals, labeling processes; (c) activate
widespread physiological adjustments to the arousing conditions; and (d) lead to behav-
ior that is often, but not always, expressive, goal- directed, and adaptive.” [KK81]

2.2 Measuring Emotions

Ekman and Friesen [EF69] investigated non-verbal behavior including facial expressions.
They stated that there are facial movements that refer to emotions. Observers can
usually distinguish these by looking at facial expressions of a person who shares the
same culture. However, facial expressions of persons in other cultures can be mostly
recognized as well. It has to be considered that stimuli do not necessarily provoke
the same emotions in different cultures. Therefore, differences in facial expressions
as reaction to an event can occur because people of different cultures treat events
unequally. To investigate this topic, Ekman and Friesen developed the Face Affect
Scoring Technique (FAST). Participants of different cultures were asked to judge photos
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2 Background and Related Work

and motion picture film according to emotions. The results show that almost all facial
stimuli are decoded as expected. Ekman and Friesen suggested that the face usually
conveys several emotional states instead of just one. Since it is easy to determine
emotions by facial expressions, people are aware of the effect of changing their facial
expressions. People can mislead others by intentionally change expressions [EF69]. The
investigation of Ekman and Friesen [EF76] included the development of a system that
distinguishes facial movements. Facial Action Code (FAC) is based on the anatomy of
facial movement and measures the visible movement of the face. Every movement that
is detected is called action unit and refers mostly to one muscle. They determined 44
different action units for changes in facial expressions and 12 for changes in head or
viewing direction. A trained classifier identifies action units of an expression and records
duration and intensity. The system has been used to group expressions of emotions in
the face [EF76].

Another approach is the Maximally Discriminative Affect Coding System by Izard [1za79]
which determines movements in three regions of the face. These are forehead and
brows, midface and as third region mouth. Combinations of movements are classified to
expressions based on the theory of what region is involved to express certain emotions.
Compared to Ekmans and Friesens FAC System, it evaluates only face movements
related to eight specific emotions and ignores movements that are not related to these
emotions [Iza79].

Feature-based approaches define parts of the face such as eyes, mouth and nose. The
face will be represented as a feature vector determining distances, angles and areas
between these features. One attempt to recognize emotions is the rule-based system
called JANUS [KM93]. It is a machine that converts the face geometry to a static format
which could be for example “eyes open”. Similar to FAC it matches the facial movements
to emotions and outputs them as text such as “happy”. It compares its results with
human experts and non-expert results and achieves generally similar results as non-
experts [KM93]. Lisetti and Schiano [LSO0] mentioned models that analyze sequences
of pictures and use motion vectors over the face. There are also models using anatomical
models of the face, which has the disadvantage that the accuracy depends on the validity
of the anatomical model [LS0O0].

These approaches are based on visual aspects of how the face moves and changes. How-
ever, expressed emotions are noticeable by physiological aspects as well. These can be
heart rate, skin conductance or pupil dilation. EEGs examines nerve activity of the brain
and analyzes physiological response. However, accuracy of emotion recognition by EEG
is currently about 60% [Bos07]. Bos utilized the Bralnquiry ElectroEncephaloGraphy
Personal Efficiency Trainer (EEG PET) since it only has five electrodes to detect emotions
and investigates how often the system recognizes emotions correctly. He stated that the
costs and difficulties of placing electrodes can be minimized by using less electrodes. As
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2.2 Measuring Emotions

emotion model he took the dimension theory with two dimensions, which are valence
and arousal because of its simplicity and suitability. The EEG results are mapped to
these two dimensions to determine emotions. The system measures frequencies and
groups them in alpha and beta frequencies. Alpha waves stand for an alert and relaxed
mind while beta waves are typical for an active state of mind. Therefore, arousal could
be determined by alpha and beta waves. Valence can be detected by comparing ac-
tivity of the two cortical hemispheres. Left frontal inactivation can be interpreted as
negative emotion. Right frontal inactivation refers to positive emotions. Bos results
show that he could obtain no lower arousal performance than 92.3% and no lower
valence performance than 92.3% when considering both dimensions independently.
However, in order to map the data onto the emotion quadrants, both dimensions have
to be combined which leaded to a lower performance rate. The rates were calculated by
dividing correctly classified data with the total classified data [Bos07].

Schaaff and Schultz [SS09] built a headband having four electrodes to measure data
at the forehead with EEG. They were using pictures to induce the emotions pleasant,
neutral and unpleasant. The headband is easily attachable and comfortable to serve as
device for interaction between humans and robots. Their system was based on support
vector machines and retrieved a performance rate of 66.7%. In the field of using EEG
for emotion recognition, performance rates have to be improved. The results of Bos,
Schaaff and Schultz are gained in laboratory which are not comparable to usage in
real-life conditions [Bos07; SS09]. Liu et al. [LSN10] developed a system using EEG
to recognize and visualize emotions in real time. The system Haptek was included that
allows visualization of emotions with a 3D avatar. Similar to Schaaff, Schultz and Bos,
they mapped emotions to data points in the two dimensional space with arousal and
valence as dimensions. Since there is no database with mappings of EEG signals to
emotions, they had to conduct emotion induction experiments using audio stimuli to
effectuate emotions [LSN10].

Emotions can be recognized by Speech as well. Cowie and Douglas-Cowies [CD96]
approach is based on the system ASSESS which notices features in speech. These are
peaks and troughs of pitch, speech intensity, pauses and fricative bursts. They applied
the output of ASSESS to the four emotions: fear, anger, sadness and happiness. Neutral
is added if no emotion is detected. Sadness and neutral can be recognized by low
intensity of the speech while the rest go along with high intensity. Anger has a high
midpoint in the non-fricative parts of speech. The opposite of it is significant for sadness.
At the same time anger can be identified by high energy in fricative bursts. Sadness and
happiness show low variability in the frication regions. Happiness also involves wide
and constant pitch movement [CD96].
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2 Background and Related Work

2.3 Communication of Emotions

Several ways of visualizing emotions exist. In text communication, especially in chats,
emoticons are often used. One approach to visualize emotions is using colors. They
are associated with emotions, for example, in marketing and design. It strengthens
messages [Moh11]. Itten [Itt70] explained which meanings people associate with colors.
Often they refer to objects in nature such as color combinations that are typical for
spring or autumn. He emphasizes that colors can have different tints. Yellow can be
a greenish or a reddish yellow. Both have different meanings. It also depends on the
background of the color. The same color seem to be different on dark backgrounds than
on bright ones. A warm yellow refers to understanding and knowledge. Diluted yellow,
however, expresses envy and distrust. Yellow on an orange background is associated
with the morning sun. Red is perceived as active and warm and refers to fire while blue
is passive and cold. The meaning of colors changes with every background color, its
intensity, brightness and dilution [Itt70]. Furthermore, there are color meanings specific
to cultures. An example is red that stands for prosperity in Asia. Ou et al. [OLWWO04]
conducted an experiment with groups of Chinese and British people who were asked
to assign colors to specific scales like tense-relaxed, clean—dirty, warm—cool, heavy—
light, active—passive, hard—soft and like—dislike. Their results show that there was a
significant difference found between British and Chinese observers for tense-relaxed
and like—dislike. However, they found out that four culture-independent color emotion
scales exist which are warm-cool, heavy-light, active—passive, hard—soft. The results
were compared with studies by Sato et al. [SKHNO3] and Xin and Cheng [XC00] who
obtained similar results [OLWWO04]. Humans link colors also to non-concrete terms.
Red refers to danger and is used as a signal color in traffic signs. Mohammad [MT10]
created a large word-color association corpora based on annotations. He conducted
experiments to show how strong the connection between a color and its associated
word is. His results show that more than 30% of terms are strongly associated with
colors. Abstract terms are almost as often associated with colors as physical terms.
According to Mohammad, the association of emotion with colors is strong. To combine
their word-color association with emotions, he used the word-emotion pairs created by
Mohammad and Turney [MT10]. The eight basic emotions, stated by Plutchik [PK80],
were used. According to Mohammad [Moh11], words, which are associated with anger,
are mostly combined with red and black. Negative emotions like fear and sadness
go with black. Happiness is combined with white, green and yellow. Ohene-Djan et
al. [0SS06] used colors to show emotions of users about tv advertisement on a graphical
interface in real-time. It visualizes a flow of emotion changes while watching a video.
The interface shows a triangle. The user can start a video by clicking in the middle of
the triangle. Every vertex of it represents a different opinion which can be chosen by the
user. The opinions are “good”, “bad” and “don’t know”. While watching the video, the
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2.3 Communication of Emotions

user can move the mouse on the triangle. Its distance to the vertices will be recorded
every second and visualized through colors. The three vertices are represented by colors:
red stands for “good”, blue for “bad” and green for “don’t know”. Depending on the
distance to these vertices a color will be calculated. The system can show the average of
a group of people evaluating tv advertisements.

Another way to communicate emotions in text messaging is changing the text appearance.
Choi et al. [CYA16] conducted a study to find out which typefaces convey emotions
strongly or weakly. Participants were asked to label typefaces with emotions. They
used 515 typefaces that are clustered in 100 groups of typefaces that share similar
characteristics. According to their results, illegible or general typefaces such as normal
weighted sans-serif show low agreement on emotion among participants. Hand written
typefaces and round caps referred to happiness while light typefaces indicated sadness.
Short and fat characteristics relate to anger and distinctive features on typefaces referred
to surprise [CYA16]. According to Dickey et al. [DMCTO06], users develop communication
practices to convey emotions such as using punctuation marks to build emoticons.
Capitalization of text is used to shout at each other via text messaging, which shows
frustration or anger [DMCTO06]. TapScript is a framework developed by Buschek et
al. [BDA15] to provide a personalized hand-drawn font that shows variations according
to the device orientation, movement and finger placement. Buschek et al. conducted
a study that shows that participants can distinguish if the typist was walking or sitting
while writing with an accuracy of 94.8%. Context can be recognized by looking at the
font. The user writes the letters at the beginning. These letters will be then used to
create the personalized font. When the phone is moving a lot, for example during a train
ride, noise will be added to the letters creating a distorted font. Participants appreciated
the expressiveness and individuality of the font [BDA15].

Animated text can convey emotions in chat as well. Bodine and Pignol [BM03] developed
a messenger that enables users to add kinetic effects on typography rapidly with shortcuts.
The text can hop, zoom in to express yelling, rotate and slide. The graphical interface
provides playback controls that allows to play any received message by clicking on
it. They stated that users are often doing several tasks while instant messaging. This
results in less concentration on messages. According to Bodine and Pignol, kinetic
typography is well suited for multitasking while chatting since it does not need constant
attention. The motion effects catch the attention of the user and is the part that
conveys emotion [BMO03]. Wang et al. [WPI04] used animated text to show emotions
in text messaging as well. They provided 20 animations that the user can map to
specific emotions. Instead of letting the user explicitly choose their animation for their
message, they retrieve physiological signals through a sensor to determine emotions.
The animation, which was chosen for the emotion by the user, will be then added to
their message [WPI04].
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2.4 Applications in HCI using Emotions

Face-to-face communication provides several cues that help to understand the con-
versational partner. Besides the actual spoken sentences, emphasis, gestures, facial
expressions and bearing are important hints that give further information about mood
and meaning of the spoken language. Computer-aided communication tools, which do
not provide face-to-face communication via video-telephony, lack most of these cues.
Therefore, several applications were developed to measure emotions and visualize them
to enable a better understanding of the conversation. Garcia et al. [GFLM99] imple-
mented a framework, named COCHI, which provides emotional awareness and supports
emotional awareness in collaborative work. They stated that visualizing emotions of
users supports understanding context and gives feedback in learning environments. To
investigate how emotional awareness effects collaborative work, they implemented the
Emotion Awareness Graph, which shows three dimensions. Pleasure is the dimension
that shows the quality of the emotion. Arousal refers to the physical activity of the
emotion and dominance represents how likely the person can control the emotion.
Participants were asked to accomplish tasks while communicating with an instructor
via text and audio communication. When using text and audio, the Emotion Awareness
Graph was included in the graphical user interface. Their findings show that participants
were less looking at the emotions of the instructor when talking via audio communica-
tion. They believed that voice tone gives enough information making it unnecessary to
visualize emotions in the graphical user interface. Furthermore, most participants found
the Emotion Awareness Graph useful when face-to-face communication was not given.
They could identify if they were doing their tasks well with looking at the emotions of
their instructor [GFLM99]. Similar to Garcia et al., Pichiliani et al. [PH12] developed a
system that measures emotion via a low-cost EEG to enrich collaborative editing systems.
They stated that collaborative awareness provides further information for participants to
help organize their work and to understand what other group members are doing. For
decision making, the awareness of the emotional states of group members are crucial.
Users can also sense how willing other group members are to take over tasks [PH12].

Fabri and Moore [FMO5] investigated how emotions effect chat behavior in instant
messaging systems. They implemented a 3D character as avatar that is able to show
facial expressions and represents the user. Emotions were measured by physiological
signals of the user. In their study they measured how much the involvement of the
task, the sense of presence and copresence increases and how much the participants
enjoyed using the system. Their findings show that participants were significantly
more involved in their tasks when using the 3D avatars since they used 50% more
messages than without. Enjoyment was for both conditions with and without avatar at
the same level. They could not show a significant difference between the two conditions
for presence which means that the participants were not more or less aware of their
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presence when using the avatar. However, participants indicated that the copresence
of their chat partner increased when using avatars [FMO5]. A similar chat application
was implemented by Ma et al. [MOPIOS] that includes an animated agent expressing
emotions of chat users. The emotions can be extracted through keywords used in text
messages [MOPIO5]. Tsetserukou et al. [TNP+09] also extracted emotions of texts
during a chat conversation. According to the emotion, they stimulate the user via haptic
devices that a user can wear to feel pressure, temperature or vibration. It is then possible
for the user to actually feel the emotion of his conversation partner. Furthermore, they
developed a haptic device to simulate a hug with a belt that carries modeled soft hands
which are placed on the back of the user. Once the command “hug” is retrieved, the
user can feel the pressure of the hands on his back. They argued that physiological
changes in the body elicit emotions. An example is fear when seeing a venomous snake
which is felt because the brain received signals about increasing heart rate and knocking
knees [TNP+09].

Cernea et al. [CWEK13] used an electroencephalograph headset to measure emotions of
users while they were interacting with a graphical user interface. They provided design
guidelines to visualize emotions on user interface objects such as buttons. While other
graphical user interfaces used agents to show emotions, Cernea et al. proposed a solution
for visualizing emotions on standard GUI widgets with minimal representations. Their
aim was to provide the user awareness about their emotions while using a graphical
user interface that influences their decisions and usage of the interface [CWEK13].

Another attempt to increase information cues via text messaging is the application
HeartChat developed by Hassib et al. [HBWA17] that shows the user the heart rate of
his or her chat partner. With help of a focus group, they developed three visualization
concepts that were implemented. One Concept allows to explicitly share heart rate.
Another one shows heart rate in real-time and the third shows heart rate per message.
Their findings indicate that participants were not only aware of the state of their chat
partners but also of themselves. Furthermore, seeing the heart rate of a chat partner
triggered conversations since they wanted to know why their heart rate increased in this
moment [HBWA17].

Negative emotions can have bad impact on daily work. To avoid stress caused by
emotional dissonance when talking to a customer via phone, Millard and Hole [MHHO08]
developed a system called moodie. Whenever an advisor feels frustrated after a customer
phone call, he can throw the call into the bin on the computer desktop, which is called
moodle. Since showing that someone is stressed is often unwanted at work, advisors
may have privacy concerns regarding the system. Therefore, it is possible to choose who
can see the moodle [MHHOS8].

Communication via e-mail lack of the same information cues as chat conversations.
Angeslevi et al. [ARO04] developed EmoteMail to enhance e-mail communication with
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emotions that were measured while the user is writing a paragraph. A camera captures
the face of the sender with every paragraph. The recipient can see the changes of
emotions by looking at the attached snapshots to the paragraphs. Furthermore, the
writing speed of paragraphs are shown as background colors. Speed can be interpreted
as measurement of how much the sender was thinking while writing [ARO04].

With FAIM, Kaliouby and Robinson [ER04] provided a system that tracks facial expres-
sions while instant messaging and displays them as an avatar representing the user
in real-time. They referred to several design challenges that have to be considered
when developing an instant messaging system that recognizes facial expressions. Users
often chat with several persons at the same time. The recognized emotions should be
addressed to the right chat partner. The time and duration of displaying emotions should
be considered since it can distract users if the expressions change too often [ER04].
Filho et al. [FVP14] developed a mobile chat application that tracks facial expressions
as well. It can recognize the reaction of the user when a new message arrived which
will be interpreted as emotion. For their application they used a commercial API by
Orbeus ReKognition which captures facial expressions and emotions. Happiness, surprise
and calmness can be detected. A value for each emotion will be calculated. If the
value exceeds a particular threshold for happiness or surprise, the system adds text
to the conversation thread, which is saying that the user is either happy or surprised.
They conducted a user study and found out that their participants were pleased to see
reactions of their chat partners. It is seen as a reward for the message that they have
sent. However, it also increased pressure while chatting since the users wanted to trigger
particular reactions of their chat partners with their messages by adding more humor to
their messages. Frustration came up when the wanted reaction did not show [FVP14].

As mentioned in the chapter “Communication of Emotion”, Wang et al. [WPI04] imple-
mented a system that retrieves physiological data from the user to determine emotions.
These emotions were then presented as animated text in the chat. They conducted a
study and found out that most participants were interested in seeing the emotional
state of their chat partners since it provided more feedback than text. However, the
participants mentioned privacy issues. Some of them turned the function of measuring
and sending emotions off since they felt uncomfortable that others could see their
data [WPIO4].

Pong et al. [PWHO04] wanted to visualize the atmosphere of chat conversations. There-
fore, they developed GamIM which extracts emotions of chat texts and visualize them
as animated bubbles. Emotions were ranged as negative and positive emotions. The
bubbles were colored according to their category. They used a lava lamp as metaphor.
Similar to a lava lamp, bubbles are created with every text message that rise and
interact with existing emotion bubbles. In their user study the participants were gen-
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erally convinced that the animation helps to understand emotional context of the chat
conversation [PWHO04].

2.5 Summary

There are several models explaining emotions. Three models were introduced in particu-
lar in this thesis. According to Plutchik, there are basic emotions which can be combined
to other emotions. Every emotion has an opposite site such as joy with the opposite
emotion sadness. The other emotion model contains two dimensions that describe
emotional states. These are arousal and valence. There are models using more than
these two dimensions. Another model uses a sequence of appraisals. If an appraisal is
added, the emotional state changes.

Emotions can be measured via face recognition, analyzing speech and measuring nerve
activity of the brain. Face recognition systems determine regions of the face and
movements. Specific face expressions are made when a person is in an emotional state.
The system records the transformation and exports the emotion which matches to the
face expression. Emotions can be also recognized via speech by distinguishing pitch,
speech intensity and pauses. Cowie and Douglas-Cowie [CD96] explained how these
variables change according to emotions. For measuring nerve activity of the brain, EEGs
are used. Alpha and beta frequencies can be determined. While alpha frequencies are
typical for a relaxed mind, beta waves are typical for an active mind.

Several ways of visualization of emotions were used by researchers. Colors can refer
to emotions and are often associated with color combinations that can be found in the
nature. The meaning of a color is dependent on its brightness, intensity and background.
In text communication, emotions can be also visualized by modifying the text font
or writing in capitals. Capitalization looks like the person is shouting the message.
Therefore, it refers to anger. Choi et al. [CYA16] showed that font styles are associated
with emotions. Hand-written typefaces, for example, refer to happiness. Bodine and
Pignol [BMO03] used animated text to show emotions in a messenger like hopping text or
zooming in. Researchers developed systems showing emotions or heart rate to provide
further information in text communication. The system of Garcia et al. [GFLM99] is
called COCHI and supports emotional awareness in collaborative work. The applications
of Ma et al. [MOPIO5] and Tsetserukou et al. [TNP+09] extract emotions via text while
users are chatting. Ma et al. express emotions in chat via an animated agent while
Tsetserukou et al. show emotions via a device that can vibrate, increase and decrease
temperature or simulate pressure. HeartChat is an application that shows the heart rate
of the chat partner during chat. Hassib et al. [HBWA17] implemented it and conducted
a study. The participants were interested in seeing their heart rate and often asked
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their chat partner why their heart rate changed. The applications helped users to be
more aware of either their own emotions or the emotions of their conversation partners.
Furthermore, applications such as moodle can help to avoid stress. If an employee in the

customer support is frustrated after a phone call, he or she can throw the call digitally
in the bin.
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The concept chapter introduces the idea of a chat application that enables emotion
visualization and explains the research questions that this thesis will examine. The
questions focus on the chat behavior, privacy concerns and visualization preferences.
The research questions can be divided into two parts. The first part covers the view of
the sender of emotions and the second part covers the view of the receiver of emotions.
I will investigate what users want to share, how willing they are to share and which
concerns they have while using the function. The chat application, which visualizes
emotion, will be used in a user study to investigate these topics.

Text communication in chats lack face expressions, gesture and tonality which give
implicitly further information about the emotional state of the conversation partner.
According to Ekman and Friesen [EF69], humans can distinguish emotions by looking
at facial expressions in many cases. Chats offer emoticons that can express emotions
in text communication but are explicitly added by the user. They might not show the
true emotional state or are not used in serious conversations. A chat application, which
conveys emotion implicitly, enables to inform chat partners about emotional states of
the user such as cues like facial expression would do in face-to-face conversation. To
make this possible, facial expressions will be recorded while a person is chatting. An API
will be used to determine emotions according to the pictures of the facial expressions.
The resulting emotion will be visualized within the chat.

Several ways of emotion visualization are possible. The type of visualization is one
dimension in the concept. Related work used animated text [WPIO4] and avatars [ER04;
FMO5; MOPIO5] that show emotions through facial expressions. An avatar could be
added next to the information about the chat partner or it could replace the profile
picture. Besides animated text, it is possible to change the appearance of messages. This
can either be done by changing the font or modifying the style of the text. The font
size and weight can be increased or decreased. The text could be italic or written in
capitals. Choi et al. [CYA16] found out that handwritten fonts are linked to happiness,
while short and fat characteristic were linked to anger. Light typefaces indicated sadness.
According to Dickey et al. [DMCTO06], capitalized letters are used in messages to shout
at each other and show frustration and anger. Thus, these modifications can be used to
represent emotions.
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Color codes were used to indicate if a chat conversation was neutral, positive or negative
in the work of Pong et al. [PWHO04] since emotions can be linked to colors [Itt70; Moh11].
They showed animated colored circles to show the atmosphere of a conversation. Thus,
colored elements can be added to the chat. It is also possible to tint existing elements
such as the profile picture and background of messages or parts of the chat. The
color selection is important when using colors as emotion visualization to ensure that
color mappings are understandable. Red is an active color that can indicate danger
and fire. For that reason it is used in traffic signs [Itt70; Moh11]. It can stand for
anger since an angry person is not feeling calm and relaxed. Blue, however, has
the opposite meaning of red. It looks cold and passive and can be used to show
emotions that involve a calm behavior. According to Mohammad, black is the color of
sadness [MT10]. Yellow indicates happiness as it is a bright color and refers to the sun
which is positively connoted. Mohammads studies show that happiness is combined
with yellow as well [MT10].

Another dimension of the concept is the type of emotions that will be shared. Emotions
can be described as distinct states such as happiness and sadness that Plutchik [PK80]
described in his work. A possibility is to describe emotions as points in dimensions.
These dimensions are at least arousal and valence. However, for the user it is easier
to understand emotional states like happiness. Plutchik describes eight basic emotions
which can be combined to more emotions [PK80]. Thus, this work chooses this model
of emotions to show users emotional states.

One dimension of this concept is the user role. The user can take on two roles. There is
a sender and a receiver of emotions. Being the sender means that his or her emotions
get captured while chatting which will be then shown to the chat partners. The receiver
is the role of the user seeing emotions of chat partners while chatting. He or she gets
more information due to the emotion visualization and can react to them or might
change his or her chat behavior. Privacy concerns is another dimension that has to be
considered in the concept. Users can have either high or low awareness for privacy
issues. Recording facial expressions and sharing implicitly emotions may cause users
to feel observed and unwell. On the other hand, users might get used to it and lose
their privacy concerns. Another dimension to be considered is feedback. The user might
want to see what emotions were measured. It refers also to the type of feedback he or
she wants to receive. His or her own emotions can be seen in the chat itself or can be
retrieved by clicking on a menu point.
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Table 3.1: Research Questions

Number | Research Question

RQ1 Which emotions does the user want to share?

RQ2 With whom does the user want to share emotions?

RO3 In which situations does the user want to share emo-
tions?

RO4 How does emotion visualization influence the deci-
sion of the user to start a chat conversation?

ROS Which emotions of chat partners does the user want

to see?

3.1 Research Questions

The following part covers the research questions. The research questions RQ1 to RQ3
are seen in the view of the sender whereas RQ4 and RQ5 are seen in the view of the
receiver.

Research Question 1 (RQ1): Which emotions does the user want to share?

The first research question refers to the dimension of the type of the emotions to be
shared. Currently emotions can be shared as emoticons in chat applications. These
emoticons cover a broad range of different expressions, which include positive as well
as negative emotions. Yet, it is not clear, how these emoticons should be interpreted.
People use them differently or do not send them at all. They may not be used in earnest
conversations to express serious emotions including negative ones such as sadness. It is
possible to send emoticons ironically as well. With this thesis it will be investigated if
people would like to share every emotion in chat or prefer to hide specific emotions such
as negative ones. The implemented chat application, which conveys emotions, will show
positive as well as negative emotions. It will be explored if people feel uncomfortable
with showing negative emotions while using this application. It will be examined which
emotions does the user want to share additionally or if he wants to share emotions
in another way. This could be showing a tendency of positive and negative emotions
instead of stating exact emotions.

Research Question 2 (RQ2): With whom does the user want to share emotions?

Wang et al. [WPI04] report that privacy reasons were among the most critical reasons
preventing the participants in their user study from using the system. This research
question deals with the dimension of privacy concerns. People might feel uncomfortable
if chat partners are able to see their emotions constantly especially if they are sent
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unintentionally. Therefore, they might want to restrict the group of people that can
see their emotions in chat. I will investigate which group of people are allowed to
see emotions of the user. Possible groups can be friends, family, co-workers or fellow
students. More distinction could be necessary. For example, the user wants to share
emotions with his or her siblings but not his or her parents. It might depend on the
relationship and intimacy between the chat partner and the user how willing the user is
to share his emotions. The user might also want to share all emotions with some groups
while other groups are allowed to see less emotions only.

Research Question 3 (RQ3): In which situations does the user want to share emo-
tions?

Several situations can cause different emotions. Enabling to share emotions via chat
might lead to start chatting in specific situations so that emotions can be shown to chat
partners. I will investigate when people are more willing to share emotions depending
on their current situation. At the same time, people could avoid to chat in particular
situations so that the current emotions cannot be seen by chat partners. This research
question is associated with RQ1 which covers the topic of the emotions that a user wants
to share. It refers to the dimension of privacy issues as well since the user might think
that emotion sharing is inappropriate in specific situations due to privacy concerns.

Research Question 4 (RQ4): How does emotion visualization influence the deci-
sion of the user to start a chat conversation?

The chat application conveying emotions provides further information about chat part-
ners feelings. Being able to see the emotional state of another person can encourage the
user to speak to the person. He or she might want to ask why the person is currently
feeling like the shown emotion implies. Another possibility is that the user avoids to
speak to a person because he or she sees a particular emotional state. For example, the
user wants to chat with a chat partner and sees that his or her chat partner is currently
angry. To avoid conflicts, the user will not start to chat with the person even though he
or she first wanted to. I will investigate if emotion visualization will be used as a feature
to determine if a person can be currently contacted or not.

Research Question 5 (RQ5): Which emotions of chat partners does the user want
to see?

Communication via text lacks cues to show emotions. This can have negative effects
when communicating since it may lead to misunderstandings. Irony cannot be easily
recognized. However, people might see advantages of these lacking cues. It is possible
to hide negative feelings to avoid conflicts or uncomfortable questions about emotional
states that a person does not want to receive. On the other side, people might not want
to see every emotional state especially of persons who they do not know well. Therefore,
I will investigate if people prefer particular emotions over others or if they would like to
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see as many emotions as possible. As the first research question, this question refers to
the dimension of the type of emotions to be shared.

3.2 Summary

Within this thesis a chat application will be implemented that conveys emotions. The
application records facial expressions to determine emotions. One dimension of the
concept is the type of visualization which can be the usage of colors to indicate emotions,
text modification, text animation or avatars that show facial expressions. It is important
to choose modifications that are intuitively understandable. According to related work,
colors and text modifications refer to particular emotions. The second dimension is the
selection of emotions. Emotions can be seen as points in a semantic space with at least
two dimensions: arousal and valence. It is also possible to classify emotions as distinct
emotional states such as happiness, anger and surprise. This was chosen as emotion
model as it is easy to understand for the user. However, it has to be investigated which
particular emotions should be measured and shown. Two research questions examine
this topic. Another dimension of the concept is the user role. Two roles exist, which are
the sender and the receiver of emotions. The senders emotions will be measured via
face recognition and sends the emotions to chat partners whereas the receiver will see
the emotions of his or her chat partners. Privacy concerns is another dimension in the
concept, which can be high or low for the user depending on how comfortable he or
she feels with a webcam detecting his or her face. The user might also be concerned
about the emotion data which is sent to chat partners. The last dimension is the type of
feedback that the user wants to receive. It has to be determined if the user wants to see
his or her own emotions and how they should be displayed.

These dimensions will be investigated in this work. Five research questions should be
answered through a user study. Two of them refer to the dimension of the emotions
which should be measured and shown. Another question is about the group of people
the user wants to share his or her emotions with. It will be also investigated if there are
particular situations in which the user prefers to share emotions or avoids it. Seeing the
emotions of chat partners gives further information. Thus, it will be investigated if this
leads the user to start conversations and talk about seen emotions.
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As emotion visualization is the main part of the chat application that conveys emotion,
two focus groups were conducted to explore the user view of how to integrate emotion
visually in chat. The following chapter describes at first the participants and the proce-
dure of a focus group. Several visualization ideas were developed by participants and
will be explained afterwards. At the end the results will be discussed and carved out,
which of the ideas should be chosen for implementation.

4.1 Participants and Procedure

Every focus group was conducted with six participants. Overall, there were twelve
participants in two groups. One of these twelve participants was a PhD student. The
rest of the participants were bachelor or master students. All of them, except of
one participant, were studying in the field of computer science. One student studied
engineering. The age of the participants was between 20 and 30 with a mean age of 22.8
and a standard deviation of 3.1. There were 75% male and 25% female participants.
All participants indicated to use chat applications and all of them communicate with
the application Whatsapp. Skype is the second frequent chat application with 66.7%
of participants who use it. It is followed by the Facebook Messenger. Thus, only 33.3%
claimed to use it. For each of the applications Telegram, WeChat, Rocket Chat and Signal
there was one participant who stated to chat with it.

The focus group started with an introduction of the conductor of the focus group.
The participants were asked to read and sign a consent form which informed them
about rights, risks and benefits during the focus group. They had to fill out a short
demographic questionnaire. The focus group was recorded via microphone. Therefore,
the participants were asked before if they would mind to be recorded. The motivation
of the topic “Emotions in Chats” was explained, which included the problems of text
communication lacking cues like mimics and gesticulation. The purpose and process
of the focus group were introduced including the upcoming tasks for the participants.
Rules of the focus group were mentioned. The most important rule was to feel free
to speak out every thought that might come up. There were no wrong answers. The
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participants should then introduce themselves with name, study field and should answer
the question of which chat application they use. A ten minutes task followed. The
participants were asked to describe how emotions can be communicated in face-to-face
conversations. The ideas were written on a whiteboard as mindmap. This task should
introduce the participants in the topic. Afterwards, every participant should sketch and
paper-prototype an idea of how to integrate emotions in a chat application. They had ten
minutes to accomplish the task and were then asked to present their ideas and discuss
advantages and disadvantages. Before the third task started, a picture of the current ICQ
chat was shown as example of a typical browser chat application. The participants had
five minutes to think about how they would integrate emotions in this chat in particular.
The third task was another sketch and paper-prototype session in pairs. With the results
of the discussion, they could develop one of their ideas further or invent a new one.
The resulting ideas were then presented by every pair and discussed. The participants
should explain which idea they preferred and why. At the end of the focus group, they
were asked general questions about privacy issues such as: If they do not allow to share
emotions, should the emotions of chat partners not be seen as well? They were then
asked which desired features they would add, which emotions they would share and in
which situations they would prefer to share emotions in chat. At the end they should
state if they would use a chat application that conveys emotions.

4.2 Results

The participants discussed the idea of a chat augmented by emotions within the focus
groups. Overall, they agreed that text communication lacks cues for further information.
At the beginning of the focus groups, the participants stated which cues are helpful to
recognize emotions during conversations which can be face-to-face as well as phone
conversations. Face expression, viewing direction, gestures, word choice, voice tone and
accentuation were cues that the participants mentioned. Text communication can cause
misunderstanding as one participant stated:

“Writing in general is a source for misunderstandings."

To add emotions in text communication, emoticons can be used. Several ideas of
participants came up, which include emoticons added per message to show the emotion
of the user when he or she wrote the message. One participant of focus group 2 stated
that emoticons do not guarantee that text messages will be understood:

“Can I really represent all emotions through emoticons, that currently exist, without any
misapprehension? [...] By trend, these icons are well understandable but could still lead
to misunderstandings."
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Text communication has advantages over face-to-face and phone conversations. It is
easier to reconsider written text before sending to choose appropriate expressions and
be polite. A participant mentioned related to emotions in chat:

“I would find it good to be able to see emotions because I have in general difficulties
with chatting. Sometimes I am not in the mood of adding an emoticon at the end. I just
write a text and then it will be misunderstood because if you do not add an emoticon,
they think it sounds severe."

Another advantage, mentioned by a participant, is that text can be easier to understand
than spoken language if the person speaks in a low voice, unclear or a dialect:

“If something is auditive, you cannot understand him with a strong dialect. Then it
would be more practical if he wrote text."

They discussed which emotions should be shown in chat and stated that people would
rather share positive emotions than negative except if someone is sad and would like
to inform their chat partners about this state so that they might ask what happened to
him or her. However, the participants themselves would not use the application for this
purpose but can imagine that some people would like to do so.

“There are emotions that you want to filter in general. I think that most do not want
others to know that they are currently angry. [These are emotions] that cast a damning
light on you so that you have a loss of control."

Focus group 1 and 2 came up with ideas including colors as visualization of emotions.
However, focus group 2 was not convinced to use colors since it may be difficult to map
colors to emotions. They criticized that users could not intuitively guess what emotion
belongs to the seen color.

“For some people green is a happy color. For others red is a happy color."

Focus group 2 was not positive about any other emotion visualization except of emoti-
cons due to the problem that users may not understand the visualization correctly.
Color-emotion mapping was mentioned in several ideas of the participants in focus
group 1. Both focus groups mentioned the problem of not understanding colors and
came up with a solution. Colors could be chosen by the users themselves for an in-
dividual color mapping according to the users understanding. Three different ideas
were mentioned using color—-emotion mapping. The profile picture of the user in the
list of chat conversations can be tinted in colors according to emotions (Figure 4.1).
They discussed that this is problematic since it is more interesting to see the changes of
emotions of the chat partner over time. They preferred to assign emotions to messages
(Figure 4.2). Another idea was to show a color gradient in the background of the chat
window. Every color in the gradient stands for a measured color and it can be seen, how
the emotions changed over time (Figure 4.4). The last idea is changing the background
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Figure 4.1: Profile picture changes color according to emotions.

color of each message which means that emotions per message will be measured. They
stated that the text of the message should be still readable. Therefore, the contrast of
text and background color should be adjusted. All ideas including colors were favorites
of focus group 1. They were their most discussed ideas.

Focus group 2 mainly developed ideas using emoticons. One idea was to place an
emoticon next to the message to indicate the emotion the user had while writing this
message. Additionally, the emoticon of the last message of the chat partner will be
shown next to the profile picture in the list of chat conversation aside (Figure 4.3). They
argued that messages can be understood easier with an added emoticon. For example,
it could be immediately recognized if the message was ironical. This was the favorite
idea of focus group 2. They had another idea of providing an emoticon next to the
profile picture which has the same problem as the idea of the tinting profile picture.
Both groups mentioned privacy issues because showing constantly emotions in chat
reveals too much personal information. Therefore, both groups had the idea of hiding
the emotion information of a message (Figure 4.4). By clicking on the message the
emotion will be visualized. The possibility of showing emotion is given without forcing
anyone to see the emotions constantly.
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Figure 4.2: Every message includes an emotion shown as emoticon.

Another idea of focus group 1 was showing emotions via profile pictures. The profile
picture should show the face of the chat partner. His mimic changes according to the
emotion. This has the same disadvantage as tinting the profile picture. It is not possible
to distinguish emotions per message. Therefore, the progress of emotions cannot be
seen. Focus group 2 had the idea of recognizing emotions via analyzing the message text
and changing the text style of the message according to the emotion (Figure 4.5). They
stated that it should be still readable and may look mazy if too many different text styles
are shown at the same time in the chat. Focus group 1 mentioned several times how
important it is to have a clear, understandable and easily usable design. One participant
said:

“You do not want a kids app."

Every visualization is possible for focus group 1 as long as it is still understandable
and looks appealing. Another idea of focus group 2 was explicitly sharing emotions
as reaction to a specific message. It should be similar as in Facebook. Articles can be
liked or another expression can be provided to show a reaction. Therefore, a reaction
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Figure 4.3: Emotions are added per message and next to the profile picture at the left
side.

can be easily and quickly added without having to write a response. The participants
were also asked which functions they would like to have. Focus group 2 stated that
they want to share emotions explicitly to control which emotions will be shown to chat
partners (Figure 4.6). They want to be able to turn the emotion visualization on and
off. It should be also possible to turn it on and off for individual chat partners. At the
beginning, the emotion visualization should be turned off for every chat partner as
standard configuration. In order to use it for a particular chat partner, it has to be turned
on. Emotions should be shown bidirectional which means that either both chat partners
can share and see emotions of the chat partner or no one can share and see any emotion
as one participant stated:

“In the end you only reveal something if you receive something."

If sharing emotions is turned off for a person, the user cannot see the emotions of the
person. The participants wished for the possibility to see their own emotions they have
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Figure 4.4: The paper prototype includes several ideas: showing emotions by clicking
on the message and changing the background color.

sent to chat partners. One participant stated that he would like to see statistics of his
own emotions over time.

All participants mentioned privacy issues. Emotions should not be shared with every
chat partner in the chat list. It is difficult to find particular groups of people to share
emotions because it might happen that emotions would like to be shared with some
close family members but not all of them.

“Family cannot be generalized [as group of people to share emotions with]. Some are
closer with their father than others."

The participants mentioned that they would just like to share positive emotions since
they feel uncomfortable if others can see negative emotions. A participant of focus group
2 reveals this issue:
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Figure 4.5: Messages can be analyzed to distinguish emotions and the text style can be
adapted.

“People are more likely to show that they are happy than to show that they are unhappy.
[...] Which also leads to [the phenomenon] that you see happy emoticons clearly more
often than: I do not feel good."

They were asked if they would use emotion visualization in chats if possible. The
participants were concerned about data misuse. They want to be sure that their data
will not be passed to other companies. Overall, they felt uncomfortable about the idea
that a chat application collects their emotion data. There were 66.7% of participants
who stated that they would not use emotion visualization in chats. As reason they
mentioned that they feel uncomfortable to share their emotions in chats and do not
need the function:

“I do not want to share emotions. If I want to speak to a person, I just write them: I feel
sad because something happened.”

As mentioned, privacy concerns is another reason why participants stated not to use
it:
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Figure 4.6: Emotions can be added to the message. Two visualization possibilities are
given which can be chosen: colors and text style.

“I would also not use it with the ulterior motive that some companies create profiles."

“In my case it depends if it is controllable that my data stays with me. Then I may use it
if there is the additional function of asking if I do not want to add this emoticon when
the message is not meant seriously."

They think that it is also not needed to share emotions since they would allow it only for
few persons. These persons are likely the people that are often aware about the feelings
of the participant since the participant informs them already about his or her emotions
regularly.

“I would not use it since I only share my feelings with people who already know how I
feel. Through writing some people, the ones I am close to, can recognize how I feel."

The remaining 33.3% would use emotion visualization under certain conditions. They
would like to choose which chat partner is allowed to see their emotions. The collected
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data should be securely saved and it should have an additional benefit such as avoiding
misunderstanding messages.

4.3 Discussion

Privacy was an important topic for the participants and the reason why most participants
stated that they would not use emotion visualization in chats. It has to be considered
when developing a system that measures and shows chat partners emotions. The
function should be able to be turned on and off. It should be possible to allow emotion
visualization for chosen chat partners. The standard could be to disallow it for all chat
partners as our participants stated that they would only use it with few chat partners.
These are usually people who are close to the participant like friends or family members.
Another point is that the visualization should be unobtrusive so that users are not
annoyed by looking at the emotion visualization. It should be easily understandable
how to use it and quick to use.

As color was mentioned by both focus groups and the most discussed topic by focus
group 1, two visualizations including colors were chosen to be implemented. The
background color of the chat changes according to the last measured emotion. The
other visualization is the color modification of single messages which measures the
emotion while writing the message. The participants were concerned about colors since
people might not understand the color-emotion mapping. However, as shown in the
related works, colors have meanings that are culture dependent. Therefore, colors can
be chosen according to common meanings.

According to Dickey et al. [DMCTO06], users tend to develop communication practices
such as writing capitalized letters to show frustration or anger. This approach will be
used in another visualization, which is changing the text style of the message. The
emotions will be measured while writing the message similar to changing the color of
the message. This was chosen because it is a different type of communication of emotion
which does not use colors.

The last visualization, which will be implemented, is showing emotions via mimics in the
profile picture of the chat partner. It avoids the problem of misunderstanding emotion
mapping that was mentioned by the focus groups. It uses face expressions instead of an
emotion mapping which would have to be learned. Therefore, it should be easily and
quickly understandable for people since they can in most cases decode facial expressions
as emotions [EF69]. Similar to changing the background color of the entire chat, it will
show the last measured emotion instead of emotions per message.
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4.4 Summary

Two focus groups were conducted to gain ideas of visualizing emotions in chat. At
first the participants thought about possible cues in face-to-face communication that
support recognizing emotional states of the conversation partner. They agreed that
text communication lacks cues, which might lead to misunderstandings. However, they
mentioned advantages of text communication such as it is easier to understand text than
spoken language. During the discussion, they concluded that people would like to share
positive emotions without negative emotions since they do not want to make a negative
impression.

Several ideas containing colors as emotion representation were presented by both focus
groups. They discussed the problem that colors may have different meanings for people
which makes it difficult to choose a color for a particular emotion. They came up with
the solution that every user chooses the colors for emotions him- or herself. The chat
window or message could be colored or the profile picture tinted. Other ideas included
showing emotions as emoticons added to every message or next to the profile picture.
Focus group 1 came up with an idea to show emotions via profile pictures that show the
face of the chat partner and his or her mimics change according to the emotion. Focus
group 2 had the idea of modifying the text style of the message. Both groups thought
about hiding emotions so that they are only shown when explicitly clicking on a button.
Most participants had privacy concerns about showing emotions in chat. They argued
that very few persons would be allowed to see these emotions and these are likely the
people who can usually recognize their emotional states by noticing how the user is
writing. They were also concerned about data misuse by companies. Therefore, they
would rather not share their emotions if a company has access to their data. To make
sure that users feel comfortable while using the chat conveying emotions, the function
of emotion visualization should be turned on and off per chat partner. The visualization
should be unobtrusive so that it will not annoy the user while chatting.

For implementation, four different visualizations were chosen among the mentioned
ideas of the participants. Two of them include colors. The chat background will be
modified and the color of the message itself. Another visualization is changing the text
style of each message. I also chose the idea of showing emotions via mimics through
profile pictures.

47






5 AHfEXT

To augment an existing chat application with emotion visualization, I implemented a
browser extension, which is called AffEXT (Affect Extension). This chapter describes at
first the four visualization styles and the parts that will be additionally shown on the
website such as the menu. Chapter 5.2 is about the implementation of the extension. It
shows which functionalities were integrated and how it was programmed. Whatsapp
Web was chosen as chat application to include emotion visualization since it is widely
used and web-based which enables an easy integration of emotion visualization by
means of a browser extension.

5.1 Design

As mentioned in the fourth chapter, four visualization styles were chosen to be im-
plemented. Five emotions will be visualized: sadness, happiness, anger, surprise and
neutral. The last state neutral will be shown as default when nothing was measured
which means that neutral is the state when no emotion is involved. The detection com-
ponent captures face expressions of the user every ten seconds meaning that emotions
have to last for several seconds in order to be recognized. Using the Microsoft Emotion
API, it was possible to measure contempt, fear and disgust as well. They were omitted
because people will unlikely show these facial expressions for a long time. The facial
expression might show up for seconds and then disappear which means that the system
will not measure these emotions.

Table 5.1: Emotion Visualization Mapping

Emotion | Color Text Style

Anger Red Capitalized letters
Happiness | Yellow Italic text
Sadness Dark blue | Dash over text

Surprise Light Blue | Increased letter spacing
Neutral Grey No change
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Figure 5.1: This is the first visualization: modifying the background color of the chat.

The first visualization is modifying the entire background color of the chat according
to the emotion (Figure 5.1). The background color of the chat will be showing the last
measured emotion of the last hour that is not neutral. The colors were chosen as shown
in Plutchiks wheel of emotions (Table 5.1). Red is an active color and stands for anger.
Yellow, as bright color, which reminds of the sun, refers to happiness. A dark blue was
selected for sadness as dark and cold colors match to sadness. Black can indicate sadness
as well. It was not chosen as the font color is black as standard which is important for
the second visualization type with color modification of the message itself. With dark
blue it is not needed to change the font color. Surprise is light blue as in Plutchiks wheel
of emotions and neutral is grey.

The second visualization uses color as well. It changes the background color of the
message and uses the same color—emotion mapping as the first visualization (Figure 5.2).
The most frequent emotion, that was measured during the exact minute of the message,
will be shown as background color. If no emotion or only neutral was measured, it will
show neutral. The third visualization is similar to the second. The difference is that the
text style of the message changes (Figure 5.3). This was, however, restricted by what
Whatsapp Web allowed since changing the font size and font weight was not possible.
Like focus group participants said, capitalized letters and other types of text writing can
indicate emotions. Therefore, the text style will be modified to show characteristics of
the emotions. Modifying text styles enabled an unobtrusive way to convey emotions in
text. Capitalized letters show anger and frustration and will be used as visualization for
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Figure 5.2: This is the second visualization: modifying the background color of the
messages.

the emotion anger [DMCTO06]. The message appears as if it was shouted when using
capitalized text. Italic letters refer to handwriting which shows happiness [CYA16]. The
letter spacing increases with Surprise. Surprise can be recognized when the user has a
widely opened mouth, which refers to the increased and widened space between the
letters. Sadness contains a dash over the text to refer of being down.

The last visualization is changing the profile picture of the chat partner in the list of
chats at the side (Figure 5.4). Every user has to take pictures showing facial expressions
referring to the five emotions at the beginning. It is possible to take new profile pictures
whenever the user wants. This visualization works similar to the first visualization. It
shows the last measured emotion of the last hour that is not neutral. The pictures will
be used as profile pictures of the chat partner. If the user wants to check his own profile
pictures, he or she can click on the button “Profilbilder anzeigen" (show profile pictures)
which opens an overlay showing the profile picture of each emotion (Figure 5.4).

All visualizations contain a menu that is injected in Whatsapp Web at the side on the
top above the users profile picture. The first button “Meine Emotionen" (my emotions)
shows the own emotions that were measured in the last ten minutes. The button for
the blacklist follows. It is possible to disallow the emotion visualization functionality
for particular chat partners with the blacklist. Chat partners, who should never see the
users emotions, can be chosen within the blacklist. If a chat partner is not blacklisted,
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Figure 5.3: This is the third visualization: modifying the text style of the messages.

there will be a button to turn the emotion visualization on and off for the chat partner.
As standard, it is turned off for every chat partner when the extension is firstly loaded.
With this button, it is possible to allow and disallow the function for a short time. It can
be quickly turned on and off by clicking it. As preferred by the focus group participants,
the emotion visualization is bidirectional. This means that emotion visualization can be
only seen if both chat partners turned it on for each other.

5.2 Implementation

Every focus group participant stated to use chats and mentioned to chat with the
application Whatsapp. Since this chat application is widely used, it is chosen to be
augmented with emotion visualization. Whatsapp does not provide an API to integrate
emotion visualization. Therefore, a Google Chrome extension was created to inject the
program in the web version of Whatsapp, which is the fastest way to install the function
of emotion augmentation. The user can install the Google Chrome extension in his or
her Chrome browser. When the website of Whatsapp Web will be loaded in the browser,
the program of the extension written in Javascript will be injected in the website.

The system architecture contains the Google Chrome Browser where the extension is
installed (Figure 5.5). The extension is connected to an external server which stores and
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Figure 5.4: The fourth visualization shows profile pictures according to emotions. The
user can look at his own profile pictures when clicking on the button
“Profilbilder anzeigen".

retrieves data from a database. All requests are Ajax requests made via Javascript in the
extension. The extension is written in Javascript, HTML and CSS. The CSS classes, that
Whatsapp Web provides, were used to extract information such as phone numbers and to
change the style of particular parts. The phone numbers were extracted to differentiate
between users. The scripts on the server are written in PHP containing functions to
receive and respond to requests of the extension and to store and retrieve data. To
recognize changes on the website of Whatsapp Web, a MutationObserver object was
used. Since Whatsapp Web does not load all contacts in the list aside, this object was
needed to notice if anything has changed on the website. It is then possible to recognize
if the user scrolled the chat history up or if he loaded new contacts in the contact list.
When the website is loaded or the user scrolled the contact list down, a new request will
be sent to the server containing numbers and names of the contacts. The server checks
for every contact, if it is already stored in the database. If it does not yet exist, it will be
stored.

Once the extension is installed and the website of Whatsapp Web will be loaded for the
first time, the user will be asked to allow the webcam stream for this website. Facial
expressions are captured via webcam. Therefore, it is necessary to allow the webcam
stream. For this application Microsoft Emotion API is used to recognize emotions via
facial expressions. The webcam takes pictures of the user every ten seconds. These will
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Figure 5.5: This is the system architecture of the extension including both face recogni-
tion APIs.

Database

be sent to an external server. This server receives and responses to every request coming
from the extension. From there, the pictures will be sent to the Microsoft Server, which
will then response a JSON String containing values for the emotions: anger, contempt,
disgust, fear, happiness, neutral, sadness and surprise [Mic]. As mentioned before,
the values of contempt, disgust and fear will not be used since the facial expression
will not last long enough to get captured. Therefore, there are unlikely to recognize.
The emotion with the highest value will be chosen to store it in the database which is
connected to the external server. The server will then respond a success message to the
extension.

Another application was implemented using the CLM Tracker library. Since the free
version of Microsoft Emotion API is used for the extension, it has a limited query rate,
which is 30.000 per month and 20 per minute. To avoid problems occurring because
of these limits, the CLM Tracker was implemented for testing purpose. It is a library
loaded in the extension which measures emotions by facial expression recognition as the
Microsoft Emotion API does. Instead of sending pictures of the user to another server,
it uses the webcam stream on the website and responds an array of values for each
emotion. The values change in real-time. Every ten seconds values will be extracted
and the most frequent emotion will be sent to the server to store it in the database.
The emotions are anger, fear, disgust, happiness, sadness and surprise. Neutral will not
be recognized by the CLM Tracker. If none of the values exceeds 50%, neutral will be
responded. Anything else including the menu and requesting emotions works as in the
application with the Microsoft Emotion API.
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Picture

If the user is chatting with a person and the emotion visualization is allowed, the
extension sends every five seconds a request to the server for emotions of the chat
partner for a particular minute. This could be either the current minute as for the first
and fourth visualization or the minute of a message. In case of the second and third
visualization, the extension sends an array of minutes of the messages currently loaded
in the chat. The server retrieves the stored emotions of the user for the requested minute.
It searches then for the most frequent emotion in this minute that is not neutral. This
emotion will be then responded to the extension. If there is none found, neutral will be
responded.

The database (Figure 5.6) has a table for the user which stores his phone number and
the date and time when he first loaded Whatsapp Web with the extension installed.
The date and time is needed to change the visualization style every seven days for the
user study. Another table is the contacts table which stores the phone numbers of chat
partners for every user. It also contains boolean values for the blacklist and emotion
visualization allowance for each chat partner. If the user changes the chat, it will be
requested on the server if the current chat partner is blacklisted and if the emotion
visualization is allowed. Only if he or she is not blacklisted and it is allowed, the emotion
requests can be made. As the emotion visualization works bidirectional, it will be also
checked if the user is blacklisted or disallowed by the chat partner. There is the emotion
table that contains every emotion of a user that was measured with date and time and
the JSON string containing the values of all emotions. Another table stores image links
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of the profile pictures. These are the pictures needed for the fourth visualization, which
is the profile picture change. When Whatsapp Web is loaded, it will be checked if there
are profile pictures stored for the user. If there are not stored, the extension overlays
the graphical user interface of Whatsapp Web with a white background. It shows the
webcam stream and enables taking pictures for each emotion. The user can repeat this
with the button “Erstelle neue Profilbilder" (take new profile pictures) in the menu. This
button is only shown in the fourth visualization style.

A menu is injected at the side bar of Whatsapp Web above the profile picture of the
user. The first button is “Meine Emotionen" (my emotions). If this button is clicked, a
small white overlay appears. It shows the measured emotions of the user of the last ten
minutes. When the button is clicked, the extension sends a request for the emotions
of the user to the server. If the window stays open, it will refresh itself when a new
emotion is saved in the database since the extension gets a success message from the
server. When this success message is received, it will send a new request to the server to
retrieve the emotions of the last ten minutes.

The next button is the blacklist button. If it is clicked, a white overlay will appear. It
contains a list of contacts. Each contact has a checkbox. If a checkbox gets clicked, it
will send a request to the server to store the new setting in the database for the contact.
The button below the blacklist button is there to turn the emotion visualization on and
off for a particular chat partner. It appears when a chat is clicked and the chat partner is
not blacklisted. With clicking on it, it will change its background color and its setting. A
request will be then sent to the server to store the new setting for this chat partner. The
grey background indicates inactiveness which means that the emotion visualization is
turned off. A white background means that it is turned on.

When the server receives a request of the extension with an emotion, blacklist settings
or allowance for particular chat partners, it logs this data in a separate text file on the
server. The extension detects emoticons and counts them during a chat. The amount of
emoticons will be sent to the server where it will be logged in another log file. It will be
also logged when the user turns the whole extension on or off.

5.3 Summary

Among the ideas mentioned by focus group participants, four visualizations were chosen
for implementation. Two of them include colors. The first one modifies the background
color of the entire chat whereas the second one modifies the background color of the
message. The third visualization modifies the text style of each message according to
the emotion. The last one changes the profile picture of the chat partner at the side
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and thus shows different face expressions. There are anger, happiness, sadness and
surprise which can be shown as emotions. Neutral is the state when no emotion has
been measured. Whatsapp Web was chosen as chat application to convey emotions since
it is a widely used application. To inject code to the website, a Google Chrome extension
was built in Javascript. Besides the visualizations, a menu was added to Whatsapp Web,
which enables to adjust settings regarding the emotion visualization.

The architecture contains the extension which is installed in the browser. The extension
sends ajax request to an external server that stores and reads data from a database and
sends the requested data back to the extension. Two APIs were used for implementation
to detect emotions via face recognition: Microsoft Emotion API and CLM Tracker. Both
use the webcam to detect the face and output values for each emotion indicating how
likely the face expression is showing the emotion. CLM Tracker is a library included in
the extension whereas the Microsoft Emotion API works on its own server. Thus, it is
needed to send screenshots of the webcam to the Server of Microsoft. Every ten seconds
the face expression will be recorded and the measured emotion will be stored in the
database. Besides for emotion recognition, the extension sends requests to the server to
save settings such as blacklist and permission settings.
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For investigation the research questions, I conducted a user study. Participants had to chat
with each other for four weeks. Every week they were asked questions via interviews or
online surveys to gain qualitative data. Additionally, data of each participant was logged
during the usage. This chapter introduces at first a description about the participants
and the procedure of the user study. It will represent the results which will be discussed
at the end according to the research questions.

6.1 Study Design

The study was designed as within-group design so that every group will use every
condition. The independent variable was the visualization with four conditions. One
was the modification of the background color of the entire chat. The second was the
modification of the color of the messages. The third was changing the text style of
the messages and the fourth was using profile pictures with different face expressions.
Since there are four visualizations, every seven days the system automatically changed
to another visualization. The participants should chat four weeks to try out every
visualization. The conditions were counterbalanced. Every group received an individual
extension containing a specific order of the conditions.

The dependent variables were the shared emotions (RQ1), group of persons the user
wants to share his or her emotions (RQ2), situations, in which emotions were shared
(RQ3), changes in the chat behavior (RQ4), the mostly wanted seen emotions (RQ5)
and the preferred visualization. These variables refer to the research questions and are
qualitative data. Additionally to the qualitative data gained through interviews and
questionnaires, quantitative data was measured. Both qualitative and quantitative data
are dependent variables. While the participants were using the extensions, the server
logged further data of each participant, which are the measured emotions, the persons
who were blacklisted or no longer blacklisted, the permissions for emotion visualization
per chat partner, how often the extension was turned on and off and the amount of
emoticons used in chat. The measured emotions and the emotions a user wants to share
are associated and answer the first research question. The blacklist and permissions for
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emotion visualization indicate which people are allowed to see emotions. The second
research question is about the group of persons the user wants to share emotions with
and will be answered by the interview and questionnaire answers. How often a person
turns the application on and off and if he or she turns the extension off at all points out
how willing a person is to share emotions. The reasons for turning the extension off can
be privacy concerns which will be investigated in the interviews. I examine how many
emoticons are used during the chat to find out if emoticons are still used even though
emotions were shown.

The questionnaires for interview and online survey serve as apparatus as well as the
material that the participant receives. These are the Google Chrome extension AffEXT,
an installation instruction, a questionnaire about demographic data, consent form and
a data privacy declaration. Included in the apparatus is a laptop or desktop computer
with webcam, the Google Chrome browser and a smartphone with the application
Whatsapp.

6.2 Participants and Procedure

There were thirteen pairs and one group of people participating in the user study. The
group contained four participants. The participants were asked to find chat partners
for the user study so that they can chat with a person who they usually communicate
with. The pairs and group were instructed to chat every week in personal chats to each
other to test the system. There were 28 participants in total who completed either all
four interviews or online surveys. Six pairs were interviewed while seven pairs and the
group received an online survey which means that there were 12 interviewees and 16
online survey participants with two online survey participants who did not complete all
surveys. Their data was omitted in the analyzation. The age of the interviewees was
between 19 and 34 with a mean age of 23.7 and a standard deviation of 4.2. The gender
of 75% of the interviewees was male. The remaining 25% were female. Two of them
were PhD students and eight interviewees were students. All stated that they chat daily.
They were asked how they usually communicate emotions via chat. About 58.3% show
emotions in chat via emoticons only. There were 8.3% who tell emotions in text form to
their chat partners and 33.3% use both emoticons and text to communicate emotions
in chat. The 16 online survey participants were between 19 and 57 years old with a
mean age of 24.8 and a standard deviation of 8.7. The gender of 81.3% was male and
18.8% were female. One PhD Student and 13 students were among the online survey
participants. All 16 online survey participants chat daily. Emotions were communicated
via emoticons only by 81.3% while 6.3% tell their emotions in chat as text. There were
12.5% who use both emoticons and text for communicating emotions.
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6.3 Results

At the beginning of the study, the participants received an e-mail containing the extension,
a consent form, instructions, a questionnaire about demographic data and a data privacy
declaration. All extensions implemented the Microsoft Emotion API. After installation
they started to chat. Six pairs of people were interviewed every seven to eight days after
the visualization changed to review the system. The remaining pairs and one group
received an online survey every week containing slightly changed interview questions
(Table A.2).

The questionnaires included questions about which emotions were mostly shared in chat
(Table A.1). The participants were asked if any additional emotions should be added
or if they are satisfied with the current choice of emotions. The emotion recognition
itself was rated by the participants to find out if the measured emotions were accurate.
Furthermore, they were asked if they felt that they revealed many emotions during
the usage. This refers to RQ1 to find out which emotions were shared and if they
needed any additional emotions. To answer RQ2, the participants should state which
groups of persons are allowed to receive their emotions. With regard to RQ3, the
participants were asked if there were any situations in which they rather like to share
emotions. To investigate the chat behavior regarding RQ4, several questions were asked
if emotions encourage or inhibit the participant to start a conversation. They were asked
to describe the emotions and if such a situation has happened while chatting. RQ5 is
about the emotions the receiver would like to see. The participants were asked which
emotions should be shown and which not. To investigate the visualization preference,
the participants described their impression about the current visualization and should
state if anything should be improved. The participants should tell if they think the colors,
profile pictures or text style was intuitive to understand. In the last interview they were
asked to name the preferred visualization of all. I asked them about privacy concerns
during the usage. They should imagine that the tool existed in reality and state if they
would use it. The privacy concerns may change outside the study. Therefore, they could
state if they would have more or less privacy issues when using it outside of the study.
The participants should mention if they wished to have more functions or if anything
should work differently.

6.3 Results

While analyzing the gained data, eight categories were derived. The answers of the
participants were classified into these. In the following part I will present the results per
category. Another section follows with the results of the logged data.
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6.3.1 Overall Concept of Augmenting Chats with Emotions

Twelve participants stated that they believe that it was helpful to show emotions in chat
and could replace emoticons. They mentioned advantages of the emotion visualization
which is the implicit emotion recognition and that they do not have to do anything
themselves because the extension adds the emotion automatically. It underlines the text
and provides feedback about the written messages:

“[...] Then there comes a standardized “hahaha" and you never know if the person laughs
or if it was just quickly typed in. [...] You can see if the person looked in the webcam
and if he shows the emotion or if he does not. Like a lie detector."

They stated that it is interesting to see their reaction on humorous messages since they
could now see if a person smiled or looked neutral. One participant stated that you can
adjust to the humor of the chat partner. According to the participants, text can be difficult
to understand. However, participants also mentioned that text communication has the
advantage that it can be done along the way. As one participant stated, sometimes it is
easier to talk about topics in text communication than face-to-face. They mentioned that
it is easy to fake emotions when writing text and using emoticons. It is more difficult to
fake it with the extension. As stated by participants, the mimic while writing messages
is usually neutral. While using the extension, they became more aware of their mimics.
However, participants said that it leads to manipulation of face expressions. Faking
a smile can add happiness in the chat even if the user is not happy. Besides getting
feedback for messages, it was stated to be helpful if you can recognize that a person
pretends to be happy but in reality he or she is not:

“But I think that it is helpful when you can see that he is actually not in a good mood but
always sends emoticons or something similar because the emotions have a big impact
on how to understand the text."

Nine participants stated that the feature is okay or fun to use but not necessary since
emoticons are sufficient for showing emotions in chat. They could not see any additional
benefit while they were using the extension. It might even lead to misunderstandings
when using it in serious discussions via chat since it could measure a wrong emotion
which does not match to the text and cause irritation.

One participant had the opinion that it might not be reasonable to measure face expres-
sions for recognizing emotions when people tend to show less facial expressions while
using chat. Another point is that participants liked the idea of emotion visualization in
chat but only if it was reliable and will always measure the correct emotion.
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6.3.2 Reliability of Emotion Recognition

The participants were asked to rate the reliability of the emotion recognition between
1 to 5 when 1 is “did not work at all" and 5 stands for “did work very reliable". The
mean value of the rating is 2.86 and the standard deviation is 0.95. Additionally, in
the interviews and the online survey the participants could state which emotions were
measured, if it was correctly measured and which emotions were not measured even
though they should have been. It turned out that happiness was the most correctly
measured emotion among the participants and also the mostly measured emotion of
all. All 12 interviewees stated that happiness was measured as the most frequent
emotion. The face recognition worked best for the participants when they were smiling
so that happiness was detected. There were 62.5% of the online survey participants
with happiness as most frequently measured emotion. Surprise follows with 58.3% of
the interviewees stating that surprise was measured as most frequent emotion. Only
12.5% of the online survey participants indicated surprise. Sadness was indicated by
two interviewees and one online survey participant. Anger was not mentioned as most
frequently measured emotion by any of the 28 participants. According to the participants
statements, the face recognition worked reliable when measuring happiness since it
measured happiness when the participant was smiling or laughing.

“I found it actually good how it reacted to happiness. It already suffices to smile a little
bit and it recognizes it if you did not think of it. The other direction [did] not [work] at
all."

However, sadness and anger were difficult to measure even if they faked the face
expressions. About 75% of the interviewees stated that anger could not be measured if
they wanted it to be measured. Also, 75% of the interviewees stated the same about
sadness. There were 25% of the online survey participants who stated that anger could
not be detected. Sadness was mentioned by one online survey participant as an emotion
that could not be detected. One participant mentioned that the feature is annoying
when it does not work properly and another participant was frustrated if emotions were
not recognized if they existed:

“Whereas I found it frustrating if the system did not recognize that I perceived something
as funny — then I provoked it."

6.3.3 Willingness to Share Emotions

There were 14 participants who want to share positive emotions. Sharing happiness
in chats supports comfortable conversations. Happiness as shown emotion is easier to
understand than emotions like anger and sadness:
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“Yes, definitely the funny situations because it is way easier to understand the emotions
then. It is easier to understand if someone is laughing than if someone gets angry."

They can show their positive reaction to amusing topics so that their chat partners know
that they have laughed. Furthermore, they would appreciate it to share more often
happiness than neutral.

“Besides it is good to know how a human reacts when he writes. Reactions can be
only shown via emoticons in text and even these do not always correspond to the true
reaction.”

The participants stated that anger might lead to uncomfortable conversations. Sadness
is mentioned as personal emotion. Thus, the participants would mainly not like to share
this emotion except with few persons who are close to the participant. It is dependent
on the chat partner what the participants would like to share. They mentioned that it
would be helpful to choose emotions per person. Co-workers and friends, who are not
close to the participant, should only see positive emotions. Close friends and family
could be able to see sadness and anger as well. It was possible for the participants to
turn off the emotion visualization. However, they stated that not sharing any emotions
can mean that the person has negative emotions that he or she does not want to show.

The participants mainly wanted to share emotions in situations when they were talking
about funny topics. In order to recognize emotions, the participants had to make face
expressions and one participant said that it has to be exaggerated which is inappropriate
in a work environment. Therefore, the participant would not use it in this environment.

There were 20 participants who would share emotions with family members and 27
stated that they would share emotions with friends. Four participants do not distinguish
between family members and another four would not share it with their parents but with
siblings. One participant stated that he would only share it with close family members.
Five stated that they would probably only allow it for few particular persons. Two
participants would share it with everyone. However, one participant stated that she
would not like to use the profile picture visualization with her boss. It depends on the
person if he or she allows emotion visualization. Therefore, emotion visualization would
be only used if the emotions of the chat partner are visible as well.

6.3.4 Bidirectionally of Sender vs Receiver

Despite that the participants would mainly share positive emotions, ten participants
stated that they would like to see every possible emotion:

“It does not matter if you can see all emotions. In a real conversation you can also see
every emotion."
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The participants would mainly not ask any questions regarding the shown emotion
when happiness is shown. It is quite often shown and, as mentioned already, easily to
understand. If they see sadness in the chat, they are likely to ask their chat partner what
is going on as seven participants stated. Social pressure is mentioned by a participant as
reason for that:

“[T would ask when] sadness [is shown] since you get blamed otherwise for not speaking
to the person."

However, they would probably ask chat partners they are close to. They might feel
uncomfortable seeing anger and sadness especially of chat partners that are not close
friends or family members. The participants would also not talk about the emotion
anger if it shows up since they cannot be sure if the emotion refers to them and if they
said something wrong. Five participants stated that if they know that their chat partner
is angry about them, they would avoid talking to their chat partner. Besides, they would
usually ask their chat partner about their shown emotion if the message and the emotion
do not match. Eight online survey participants mentioned neutral as the emotional state
that they do not want to see which was not mentioned by any of the interviewees. The
participants experienced situations when they were irritated about the shown emotion
since it seemed not appropriate to the discussed topic and asked their chat partner what
was going on.

6.3.5 Privacy Concerns

The participants felt observed due to the webcam that was constantly turned on and one
participant stated that the emotion visualization makes people assailable since emotions
are visible. This was described as uncomfortable. Two participants were concerned in
the beginning and stated that they got used to the webcam so that they did not feel
observed anymore. Mostly, the participants were not concerned about their data since
they used it within a study. Thus, they would have doubts to use it if it was provided by
a company such as Whatsapp or Facebook:

“I am always skeptical if an application uses your camera or your location. When
applications offer new features, I am always concerned if these are really helpful for the
user or if the company is just collecting data."

Partly, the participants were stating that these companies have collected a lot of their
data already. Therefore, they would not mind to share emotions.

The profile picture visualization caused privacy concerns among the participants. One
participant stated that he was not sure who can actually see the pictures. The participants
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did not feel comfortable with making profile pictures for several emotions and felt that
it was more personal than the other visualizations:

“The interesting thing is that as soon as I know that my pictures will not be shared and
my chat partner can only see colors as my emotions, it does not matter anymore. It does
not feel so private if you can only see colors."

6.3.6 Private Usage

There were thirteen participants who stated that they would use emotion visualization
in chat if particular conditions are satisfied. First of all, the emotion recognition should
work properly to avoid misunderstandings and irritation. Face recognition should be
reliable under any circumstances so that the face expression can be recognized in poor
lighting conditions.

“If it worked reliable, probably yes. The function facilitates, in my view, the communica-
tion. If happiness is shown, you can abdicate emoticons and it makes it more animated.
Because when I stand in front of someone, I can also see their feelings through their
facial expressions."

Another condition is making it available for mobile phones. Since Whatsapp is a mobile
application with a browser version, three participants said that they would not use it or
they would only use it if it was available for the mobile phone. The reason is that they
are using Whatsapp only on their phone.

The participants were concerned about their data and privacy. Therefore, a condition for
the usage is to support privacy and not misusing data. The camera should be turned off
when the person is not chatting, for example when changing the browser tab or window.
They stated that it should be possible to turn the emotion recognition on and off for
particular persons, which is already possible with the existing extension. Additionally;,
four participants said that they would use it if it was common among their friends and
family members to use it. The usage depends on how many people they know who
would use it.

Five participants stated that they would not use it since they are concerned if it was
provided by Whatsapp, do not like to be filmed by the webcam or find it unnecessary.
One participant said that it is not useful since he can already recognize emotional states
by reading and interpreting messages:

“I would not use it since I use Whatsapp only on my smartphone. Furthermore, you
notice anyway if someone does not find something funny or is angry. The spelling style
changes or the answers get shorter besides the person oppresses his feelings and writes
normal."
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6.3.7 Preferences regarding Visualizations

The preferred emotion visualization of the four conditions was the colored messages
condition. It is not as flashy as the modification of the entire background color of the chat
and more noticeable than the profile pictures and the text style modification. Therefore,
it did not annoy the participants and at the same time it was still eye-catching.

“I think that the bubbles adapt perfectly. The most unobtrusive [visualization] and at the
same time the entire information is there. I found it very intuitive because the colors are
very distinct."

The participants appreciated that the emotions were linked to messages. They could
distinguish how their chat partner felt while he or she was writing the message. However,
one participant mentioned a disadvantage of the visualization, which concerns the text
style modification as well:

“With long messages including several statements it is difficult to map emotions. Does it
apply for all statements or just for the last?"

The background color modification of the entire chat window was called obtrusive. A
possible solution by a participant is using pastel colors or transparency to make it more
unobtrusive. Another disadvantage of this visualization is that three participants could
not determine if the shown emotion is their own or of the chat partner. Most participants
did not find it practical to see the last measured emotion.

In terms of the visualizations including colors, four participants were satisfied with the
color choice while five participants would like to change colors for particular emotions.
One participant did not find yellow appropriate for happiness and would have chosen
green instead. Two participants did not like that there were two shades of blue and
would have chosen another color for either surprise or sadness. It was also mentioned
that the colors could be less flashy and that neutral does not need a color. One participant
found it disadvantageous that the color code of Whatsapp is lost since it helps to differ
the messages of chat partner and own messages.

Most participants did not like the text style modification due to the fact that the emotions
can be faked since it is possible to make the message italic or add space between the
letters for surprise.

“I think that this was the worst of all because I found it boring just to have different
fonts. Without seeing this [explanation] on the left top, I could not determine what this
means."

The surprise text style was difficult to read and several participants complained about
the changing text styles being annoying. It was less intuitive than colors and profile
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pictures. Therefore, they mentioned that the chosen text styles did not match to the
emotions.

The participants found that the profile pictures was the most personal visualization since
it included pictures of the users:

“You have more the feeling that you are writing with a person who is currently, for
example, happy than with colors."

It is intuitive since the facial expressions can be directly seen. However, it depends on
the quality of the pictures if the emotions can be distinguished and on how a person
expresses the emotion. The profile pictures were shown at the left side which was too
unobtrusive for the participants. It was not in their field of vision and could be easily
overlooked. The pictures were too small and the participants wished for the possibility
to enlarge the picture so that they can see more. It has the same disadvantages as the
background color modification of the chat since it shows the last emotion instead of
mapping emotions to messages. It does not show the emotions of the user, which is
another disadvantage.

6.3.8 Desirable Features, Additional Emotions and Improvements

The participants mentioned that they would like to see their own emotions besides
the emotions of the chat partner. This was possible by clicking on a button in the
menu. However, they would prefer to see their emotions directly in the chat as in the
visualizations with color of messages and text style modification. Two participants said
that it could be interesting to combine the profile picture visualization with either the
color of messages visualization or the text style modification. It is then possible to
see the current emotion at anytime which enables to start to speak to a chat partner
because a particular emotion was seen. It should be more understandable how to use the
blacklist in the graphical user interface. One participant wished for a more unobtrusive
way of notifying the user that the light conditions are too poor to recognize the face.
A participant mentioned that she cannot determine if the extension turned on and off
if the toolbar is closed. Thus, there should be additionally a hint in Whatsapp Web to
indicate if it is currently turned on or off. They would like to use the emotion recognition
on the mobile phone as well. To avoid that emotions are sent, which are not measured
while the message was written, one participant suggested to measure the emotion when
the send button is clicked.

Participants also wished to see what the webcam streams to have more control. It should
record less and turn automatically off when the user is not chatting. For more control
over the sent emotions, it could be possible to adjust emotions manually after they are
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Table 6.1: Quotes of Participants

Category

Quotes

Overall Concept of
Augmenting Chats
with Emotions

“[...] Then there comes a standardized “hahaha"
and you never know if the person laughs or if it was
just quickly typed in. [...] You can see if the person
looked in the webcam and if he shows the emotion
or if he does not. Like a lie detector."

“But I think that it is helpful when you can see that
he is actually not in a good mood but always sends
emoticons or something similar because the emotions
have a big impact on how to understand the text."

Reliability of Emotion
Recognition

“I found it actually good how it reacted to happiness.
It already suffices to smile a little bit and it recognizes
it if you did not think of it.

The other direction [did] not [work] at all."

“Whereas I found it frustrating if the system
did not recognize that I perceived something as funny
— then I provoked it."

Willingness to
Share Emotions

“Yes, definitely the funny situations because

it is way easier to understand the emotions then.
It is easier to understand if someone is laughing
than if someone gets angry."

“Besides it is good to know how a human reacts
when he writes. Reactions can be only shown via
emoticons in text and even these do not always
correspond to the true reaction."

Bidirectionally of
Sender vs Receiver

“It does not matter if you can see all emotions.

In a real conversation you can also see every emotion."

“[T would ask when] sadness [is shown] since you get
blamed otherwise for not speaking to the person."
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Category

Quotes

Privacy Concerns

“I am always skeptical if an application uses your camera
or your location. When applications offer new features,

I am always concerned if these are really helpful for the
user or if the company is just collecting data."

“The interesting thing is that as soon as I know that my
pictures will not be shared and my chat partner can only
see colors as my emotions, it does not matter anymore.
It does not feel so private if you can only see colors."

Private Usage

“If it worked reliable, probably yes. The function facilitates,
in my view, the communication. If happiness is shown,

you can abdicate emoticons and makes it more animated.
Because when I stand in front of someone, I can also see their
feelings through their facial expressions."

“I would not use it since I use Whatsapp only on my
smartphone. Furthermore, you notice anyway if someone
does not find something funny or is angry. The spelling
style changes or the answers get shorter besides the
person oppresses his feelings and writes normal."

Preferences regarding
Visualizations

“I think that the bubbles adapt perfectly. The most
unobtrusive [visualization] and at the same time the
entire information is there. I found it very intuitive
because the colors are very distinct."

“I think that this was the worst of all because I found

it boring just to have different fonts. Without seeing this
[expanation] on the left top, I could not determine
what this means."

Desirable Features,
Additional
Emotions and
Improvements

“I can also imagine to have a date of expiry because
emotions are more elusive. It is in general the question

if you want to share it. And then, if you want to share it
retrospectively or at the moment. Here, you can reconstruct
which emotion you have in a specific minute. More like:

It will be seen and then it disappears or after a day."

“It is important to know in which phase of anger the
other one is. If just a bit or a lot."
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sent. Furthermore, the emotions to be sent and seen can be set per chat partner. The
possibility of approving the emotion every time before it will be sent was mentioned as
well.

Ideas of different visualizations came up. Emotions can be measured and then visualized
as emoticons or suggestions to add an emoticon according to the measured emotion
could be shown. The visualization can be set by the user itself. The user could choose
an individual background per emotion such as a picture of rain for sadness. Instead of
using emoticons, small pictures of the user showing an emotion as in the profile picture
visualization could be sent. The idea of visualizing emotions via the form of the speech
bubble was mentioned by one participant. Angry could be shown with a jagged speech
bubble. One participant said that there could be several visualizations to choose from
together with the possibility to choose if the user wants to see emotions per message
or the current emotion. Another participant was thinking if it is needed to see past
emotions since emotions are elusive:

“I can also imagine to have a date of expiry because emotions are more elusive. It
is in general the question if you want to share it. And then, if you want to share it
retrospectively or at the moment. Here, you can reconstruct which emotion you have in
a specific minute. More like: It will be seen and then it disappears or after a day."

Several participants wished to have more distinctions between the emotions since
emotions can be felt more or less strong. One participant stated that it is especially for
negative emotions difficult to understand how the person feels since these feelings can
cause misunderstandings.

“It is important to know in which phase of anger the other one is. If just a bit or a lot."

Four participants were satisfied with the current emotions. Others mentioned several
emotions that they would like to add. Ironic, thoughtful, tired and stressed were
mentioned by two to three participants each.

6.3.9 Logged Data Results

The logged data shows that the system was turned on and off between 0 and 12 times
during the four weeks of usage. On average it was turned on and off 1.8 times with a
standard deviation of 2.7. There were 47.1% of the participants who did not turn the
system off at all. The participants allowed emotion visualization per chat partner on
average 5.6 times with a standard deviation of 5.1. The permission was then turned
off 3.6 times as mean with a standard deviation of 3.1. All participants have permitted
emotion allowance for chat partners since it is turned off for every contact at the
beginning. However, three participants allowed it for one person while the rest turned

71



6 User Study

Table 6.2: Logged Data Results

Logged Data Average STD | Further Details

Amount of times the system . 47.1% did not turn the
1.8 times 2.7 . . .

was turned on and off emotion visualization off

Amount of times that the
permission for emotion
visualization was turned on
for a chat partner

Amount of times that the
permission for emotion
visualization was turned off
for a chat partner

5.6 times 5.1

3.6 times 3.1

Amount of times a person 5 3 times 12.8 39.3% of the participants
was blacklisted ‘ ' blacklisted chat partners

32.1% of the participants
1.1 times 3.6 deleted chat partners
from the blacklist

Amount of times a person
was deleted from the blacklist

Amount of times anger
was measured

Amount of times happiness
was measured

0 0 It was never measured

104.1 times | 175.2 | Median: 27

Amount of times sadness

44.9 times 151.1 | Median: 1
was measured

Amount of times surprise

13.3 times | 26.5 | Median: 3
was measured

it on for more than one chat partner. There were 39.3% who blacklisted chat partners
while 32.1% deleted chat partners from the blacklist. Chat partners were blacklisted 5.3
times as mean (standard deviation: 12.8) and deleted 1.1 times (standard deviation:
3.6). The amount of emoticons could not be logged because of an implementation
failure included in the extensions that the participants received.

It was logged how often the emotions anger, happiness, sadness and surprise were
measured per user. Anger never occurred during the usage. Surprise follows which was
on average measured 13.3 times (standard deviation: 26.5, median: 3). Sadness was
measured 44.9 times as mean (standard deviation: 151.1, median: 1). Happiness was
the most frequently measured emotion with 104.1 times as mean (standard deviation:
175.2, median: 27).
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6.4 Discussion

The motivation behind the concept of conveying chats with emotions is to provide further
information about emotional states, which enables to understand text communication
better. Overall, the participants in the user study would likelier use emotion visualization
in chats than the focus group participants. It relies on conditions which are the reliability
of emotion recognition and providing secure data storage. A frequent problem during
the usage was the reliability. It can irritate and cause more misunderstandings if wrong
emotions are sent. Therefore, if the emotion visualization does not work properly,
it can be less helpful than without it. Possible solutions mentioned by participants
could be to manually correct emotions after they have been sent or to suggest adding
emotions to messages instead of showing them automatically. Happiness could be easily
recognized. The logged emotion data shows that happiness was the most measured
emotion. Participants said that a smile was sufficient to identify happiness whereas
anger was difficult to provoke. Sadness was hard to provoke as well according to the
participants. The logged data indicates that sadness was more frequently measured than
surprise which might be because some participants stated that sadness was measured
even though they have not been sad. Several participants were able to receive surprise
whereas others said that surprise could not be recognized even though they provoked
it. Thus, the emotion recognition works differently for different people. This might
have to do with the face expressions since people do not have the same expression for a
particular emotion and make expressions in different extents.

The participants stated that they liked to see reactions to what they wrote, which
underlines the received messages. They talked about the seen emotions when they were
not matching to their expectation or the message which was mentioned as an advantage
to find out if someone is pretending to be, for example, happy. This relates to the
findings of Hassib et al. [HBWA17]. They implemented HeartChat that can show heart
rates of chat partners and conducted a user study. Their participants were expecting
particular heart rates when talking about topics such as their favorite football team.
Furthermore, their participants asked questions about the current activity of their chat
partner if they have seen an unusual heart rate.

There were also participants who would not use emotion visualization since they found
it fun or okay to use but without any additional benefits compared to current chat
communication. The favorite visualization is clearly the visualization which modifies the
color of each message. The participants pointed out that it is helpful to link emotions to
messages as it can be seen how the chat partner felt when writing the message. When
showing the last emotion instead of emotion per message, it is less clear if the emotion
was caused by the conversation as a reaction to the messages. The color modification of
messages was less obtrusive as coloring the entire background of the chat and therefore
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more comfortable to look at. At the same time the color of messages visualization was
noticeable to be recognized by the user. The profile picture visualization had the problem
that it could not be easily seen due to the fact that the changes were shown at the side of
the chat. The text style modification was unobtrusive but annoying for the participants.
Especially the modification for surprise, which was increased letter spacing, was difficult
to read. It had the disadvantage that emotions can be faked.

Partly, the participants felt observed by the webcam since it was constantly turned on.
Participants suggested to turn off the camera when the user switches the browser tab or
window. The profile picture visualization was called personal by participants because
it shows the face of chat partners which might cause that the user feels uncomfortable
knowing that their contacts can see their facial expressions. Thus, one participant stated
that she would not visualize emotions to her boss if this visualization is used since it feels
too personal. Besides the webcam, participants were also concerned about data misuse.
As Cernea et al. [CWEK13] found out in their study, users do not feel comfortable if their
face expressions and emotions are recorded and stored on a server. They suggest to store
the data locally on the device so that the user has full control of his or her data. Similar
findings were stated by Wang et al. [WPI04]. In a study with chats communicating
emotions, their participants turned the feature off when they felt uncomfortable that
others could see their data. In the study of this thesis, the usage of the extension during
the study did not concern the participants but they stated that they would be concerned
if this functions was included by Whatsapp. However, there were also participants who
said that they would use emotion visualization even if it was provided by big companies.
They had the opinion that it does not matter if the measured emotions will be stored
since these companies are collecting data already and it cannot be avoided that data
will be collected when using applications such as Whatsapp.

The logged data is not significant since the participants were using the extension during
the study and were aware of it. Therefore, their usage of the system would be probably
different in real situations. The participants could only talk to their chat partner or
partners who were also participating in the study since the emotion visualization only
works if both parties use the extension. Blacklisting chat partners was thus not necessary.
However, a part of the participants blacklisted chat partners either for testing or to make
sure that these persons were not able to see any emotions. Giving permissions to chat
partners for emotion visualization was only needed for the participating partners. It is
not clear how many persons would be blacklisted or permitted to see emotions outside
of the study.

Referring to RQ1, the participants would like to share mostly positive emotions such
as happiness. According to one participant, positive emotions are easily to understand
and therefore will unlikely lead to misunderstandings. The participants liked to see
happiness as a reaction to their messages since it indicates that they found it amusing.
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Sending the emotion sadness can cause uncomfortable chat conversations since it is a
personal emotion and people would not like to share it with everyone in chat. Anger is a
difficult emotion to send in chat as well since the user cannot always determine if the
chat partner is angry about them or not. If the chat partner is angry about the user, he
or she will probably avoid talking to them.

RQ2 examines with whom the user wants to share emotions. According to the results,
it can be seen that most people would like to share it with a few people who are
usually close friends and family members. This is similar to the results Hassib et al.
found [HBWA17]. They stated that their participants would use implicit views of heart
rates in chat with close people. The participants here would not use it in a working
environment and share emotions with co-workers. A reason was that it is inappropriate
in serious conversations since it can cause problems if wrong emotions were measured
and sent. With friends and family false recognition can be easily dissolved and does not
have a bad impact on their job. According to the answers, it is likely that people will
turn emotion visualization on for a few selected persons. If these persons are friends
only, family and friends or family only is individual and depends on the relationship
between the user and the chat partner. Some participants would not distinguish between
family members whereas others would not like to share emotions with their parents.

As mentioned, the participants liked to see happiness as reaction. They mostly answered
that they would like to share emotions in funny or amusing conversations when happi-
ness can be seen as reaction which refers to RQ3. Filho et al. [FVP14] observed a similar
result. The users of their emotion-enhanced mobile chat liked to receive emotion as
feedback in chat which is seen as accomplishment or a reward to their message. The
results found here matches to the emotions that the participants would like to share,
which are positive emotions. It is unlikely that they would use emotion recognition to
show sadness and anger since these are more personal emotions that should not be seen
by everyone when it is not necessarily caused by the chat partners. If the user wants to
talk about their sadness or anger, they will probably speak to someone. If they do not
want to talk about these emotions, they would probably not like to share it in chats to
avoid personal questions.

The participants where asked if there were situations when they would start to talk to a
chat partner because of the seen emotion which corresponds to RQ4. During the usage,
the participants experienced situations when they were irritated about the seen emotion
or when they expected a different emotion as reaction. These situations lead them to
talk about the seen emotions to their chat partner to find out why their chat partner
reacted like this. Therefore, people tend to talk about the emotions if they do not match
to the situation. The participants could also imagine to ask a person if something is
wrong when seeing sadness since there is social pressure to react like this. When seeing
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anger, they are likely to avoid talking to the person especially if the chat partner is angry
about them.

The emotions, which the participants would like to see, were all possible emotions. This
refers to RQ5. People do not have a problem to see emotions of others whereas they
would not like to share negative emotions. However, they would like to see negative
emotions as well since they can also see all emotions in face-to-face communication.
Therefore, omitting negative emotions seems to be incomplete for the participants. They
mentioned, that a possible feature could be to set which emotions can be sent and seen
per chat partner. Thus, they would like to see all emotions they are allowed to and in
general all emotions that are possible.

6.4.1 Limitations

The user study was limited because participants were aware of the usage within the
study. There were statements that the participants would have been more concerned
about privacy in real situations than during the study. The knowledge that the data is
only used within a study caused that some participants might have used the extension
differently than they usually would. Furthermore, most participants had only one chat
partner who used the extension. In a real situation, all chat partners would be capable
of using emotion visualization. Therefore, the user behavior would be probably different
if every contact used emotion visualization. The logged data was thus not appropriate
for showing significant results regarding the user behavior.

Whatsapp Web was chosen as chat application to convey emotions since a lot of users of
the mobile phone application Whatsapp exist. To enable more design possibilities, other
chat applications could be used for conveying emotions. More functions are possible
to add such as enabling emotion recognition for group chats. Emotion visualization
was only implemented for the browser version of Whatsapp. However, there were
participants stating that they use Whatsapp only or mostly via mobile phone. Thus,
providing a mobile version of emotion visualization will probably lead to more frequent
usage and could give more insights about the chat behavior.

6.5 Summary

A user study was conducted to investigate the chat behavior when emotions were
visualized in chats. There were 28 participants divided in thirteen pairs and one group
to chat with each other. Every week 12 interviews and 16 online surveys were conducted
to answer the five research questions addressing willingness to share, privacy concerns,
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bidirectionally of sender vs receiver, desirable features, reliability of emotion recognition,
preferences regarding the visualization and their overall impression. According to the
results, it can be seen that the emotion recognition works well for happiness. However,
sadness and anger were hardly recognized even if the participants were actively making
face expressions to provoke these emotions. Family members and friends were mentioned
as persons for sharing emotions in chat. For some participants sharing emotions with
co-workers or people who are not close to the participant is also possible but with the
restriction that they can choose which emotions can be seen by others. The participants
prefer to share positive emotions than negative emotions. In amusing situations they
would like to share happiness to show that they were laughing. However, participants
mentioned that they can imagine to share negative emotions with few people who are
close to them. Vice versa, they like to see every possible emotion of their chat partner.
Seeing anger and sadness of chat partners, who are not close friends or family members,
might be uncomfortable. Therefore, they would avoid asking questions about anger and
sadness in this case. Sadness can lead to questions about the emotional state of chat
partners especially with close friends and family members.

Participants mentioned privacy concerns regarding the streaming webcam. They felt
observed. Some participants mentioned that they had this feeling in the beginning
and then got used to it. When they were asked to imagine if they would use it in
real situations outside of the study, they were partly concerned about companies that
collect their emotion data and pictures of their face expressions. Another part of the
participants were not concerned about this issue since they were convinced that big
companies collect a lot of data anyway and they cannot avoid it if they want to use their
services. However, most participants stated that they would use emotion visualization in
chat if they feel that their data is safely stored. Furthermore, the emotion recognition
should work reliable and the function should be available for mobile chat applications
as well.

The preferred emotion visualization was the colored chat messages visualization. The
participants appreciated that they could determine in which emotional state their chat
partner has been while writing the message. It was neither too unobtrusive as the
profile picture visualization nor too eye-catching as the background color modification
of the chat. The profile picture visualization was stated as personal. The participants
could hardly notice emotions since the picture was shown at the side and was too
small. The text style modification was difficult too read when showing surprise and
had the disadvantage that happiness and surprise could be faked in the chat. Overall,
the participants had the idea of having more control over the webcam and providing
more setting possibilities. For example, the emotions to be sent could be chosen per chat
partner.
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7 Conclusion

Within this thesis user behavior was investigated during the usage of a chat application
conveying emotions. Several ways of visualization of emotions were used in related
work. To find out which visualization is preferred within chats, two focus groups were
conducted. The participants mentioned ideas to map colors with emotions, use face
expressions of the user in profile pictures and modify the text style of messages which
were the chosen ideas for implementation. Besides prototyping ideas for visualization,
the participants discussed emotion visualization in chats in general. They agreed that
text communication lack cues such as mimics and gesture which help to understand
in which emotional state the conversation partner is. Emoticons can be used to show
emotions in chats but according to participants, an emoticon does not necessarily show
the true emotional state of a person since he or she has to add it explicitly in a message.
When thinking about using emotion visualization in real life, the participants were
concerned about their private data that will be collected by companies.

The implementation included building a Google Chrome browser extension, which adds
emotion visualization to Whatsapp Web and is called AffEXT. An external server stores
and receives data from a database. With this extension, a user study was conducted
with 28 participants who were divided into pairs and one group. With weekly interviews
and online surveys, the participants mentioned which emotions they would like to be
measured and see, their concerns about the extension and general feedback about the
idea of emotion visualization in chats. This work thus reveals the opinions and concerns
of users. The participants of the user study would likelier use emotion visualization in
chat than the focus group participants. However, nine participants found it fun to use but
not necessary. The willingness to use the extension depends on the handling of privacy
and data, and the reliability of the emotion recognition. Sadness and anger were hardly
recognized correctly. Wrong recognized emotions might lead to misunderstandings,
which should be avoided. Participants would rather share positive emotions whereas
they do not have a problem with seeing negative emotions of chat partners if they are
close friends or family members. They can imagine that seeing sadness of a chat partner
leads to questions about their current emotional state. However, most participants
appreciated to share happiness and see happiness as a reaction in humorous situations
to send and receive feedback. The user study participants were concerned about privacy
as well. Partly, participants felt observed by the webcam. However, some participants
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got used to it and did not think about the webcam anymore. There were participants
who were concerned about using emotion visualization if a company provides this
feature since they do not feel comfortable if companies collect their data. On the other
hand, there were participants who stated that it does not matter if a company collects
their data since they cannot avoid it. Privacy of data and images was important for
both focus group and user study participants. The profile picture visualization was
called personal and thus some participants felt uncomfortable using this visualization.
Furthermore, showing emotions per message was preferred. Participants liked the color
of messages visualization at most since it was noticeable but not too eye-catching and
did not decrease readability as the text modification did according to participants.

Future Work

To investigate how users behave, emotion visualization can be included in a mobile
application since people use chat applications on mobile phones as well or exclusively,
which enables a usage in realistic situations. Since the logging data was not significant
due to an insufficient number of chat partners per participant, a user study with a
large number of participants per group could be conducted. Logging data regarding
the blacklist and permissions can reveal more information because participants have
more chat partners to choose. Providing a usage in more realistic contexts for a longer
period such as several months, the actual user behavior can be investigated instead of
examining the opinions of participants about emotion visualization. However, it can
be determined as well how the opinion of emotion recognition changes over a long
period. In this work it can be already seen that there were participants who were at first
concerned about the webcam and then became indifferent. Therefore, it is interesting
to see in a long-term study if participants lose their concerns over time. It can be also
investigated if emotion visualization replaces emoticons or if participants would continue
using emoticons.
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A Appendix

The appendix contains all files that were used during the conductance of the focus
groups and user study. These are consent form and demographic questionnaire for the
focus groups as well as the questionnaire of the online survey and interview, consent
form, demographic questionnaire, an instruction for the extension and a declaration
about data privacy that were used in the user study.
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A.1 Focus Group

A.1 Focus Group

. . Human Computer Interaction Group (MCI), VIS
University of Stuttgart P P (M)

Germany

Einverstandniserklarung

BESCHREIBUNG: Du wurdest eingeladen an einer Fokusgruppe zum Thema
“Emotionsvisualisierung” teilzunehmen.

DAUER: Die Fokusgruppe wird voraussichtlich zwei Stunden dauern.

DATEN: In der Fokusgruppe werden ldeen gesammelt und diskutiert. Diese werden
schriftlich notiert. Die Fokusgruppe wird per Mikrofon aufgenommen. Es werden Fotos zu
entstandenen Papierprototypen gemacht. Die gesammelten Daten werden nicht an Dritte
weitergegeben und anonymisiert verwendet.

RISIKEN: Durch die Teilnahme an dieser Fokusgruppe entstehen keinerlei korperliche oder
seelische Beeintrachtigungen.

TEILNEHMERRECHTE: Deine Teilnahme an der Fokusgruppe ist freiwillig. Du kannst die
Fokusgruppe jederzeit unterbrechen oder beenden. Durch Abbruch der Fokusgruppe
erwarten dich keinerlei negative Konsequenzen. Du hast das Recht einzelne Fragen nicht
zu beantworten.

KONTAKT: Falls du Fragen, Bedenken oder Beschwerden zur Fokusgruppe, ihrer
Durchfiihrung oder den Risiken hast, kannst du folgende Personen kontaktieren:
Tamara Mantz (tamara.mantz@gmail.com)

Romina Kettner (Romina.Kettner@yvis.uni-stuttgart.de)
Stefan Schneegal} (Stefan.Schneegass@vis.uni-stuttgart.de)

MIKROFONAUFNAHME: (bitte eines ankreuzen)
O Ich stimme der Mikrofonaufnahme der Fokusgruppe nicht zu.
O Ich stimme der Mikrofonaufnahme der Fokusgruppe zu.

Mit meiner Unterschrift bestétige ich die hier genannten Bedingungen.

Name: Unterschrift, Datum:
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Demographische Daten

Alter:

Geschlecht:
o Weiblich
o Mannlich
o Machte ich nicht mitteilen

Beruf:

Benutzt du Chat-Anwendungen?
o Ja
o Nein

Wenn ja: Welche Chat-Anwendungen benutzt du?
o Facebook Messenger

Whatsapp

Skype

Viber

Kik

Line

Telegram

WeChat

ICQ Messenger

GO SMS Pro

Yahoo Messenger

KakaoTalk

imo

Hangouts

Threema

Andere:

O OO0 OO0 O0OO0OO0OO0OO0OO0oOO0o0OOoOO0OO0
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Table A.1: Interview Questions

Question

Which emotions did you often share with chat partners
within the use of the extension?

Which emotions did you knowingly keep private?

Did you find out how to do face expressions to get every
possible emotion in the system?

Which emotions would have you liked to share but could not
(because of technical reasons)?

Did any situations stand out in which you preferred
or not preferred to share emotions?
Please describe the situations.

How helpful/pleasant did you find this used emotion visualization?

How did you find the visualization?
Could it intuitively reflect your emotions?

With which groups of persons (for example friends, family)
would you like to share your emotions?
If family is part of the answer: Do you distinguish between family members?

Which emotions were visualized in chat,
that encourage you most to speak to the person?

Which emotions were visualized in chat,
that encourage you most not to speak to the person?

Which emotions of your chat partner do you want to see?

Which emotions of your chat partner do you not want to see?

How reliable did the emotion recognition work for you?

Did you have privacy concerns while using the application?

Would you use emotion visualization in chats also outside of this study?
Please explain why/why not.

What improvements or additional features do you wish for in the future?

Did you have the feeling that you reveal many/less emotions
when you turned on/off the application?
Why did you turn on/off the application?
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Table A.2: Online Survey Questions

Question

Which emotions did you often share with
chat partners within the use of the extension?
Answer possibility: selection of emotions and none

Which emotions did you knowingly keep private?
Answer possibility: selection of emotions and none

Which emotions would have you liked to share but could not
(because of technical reasons)?
Answer possibility: free textfield

Did any situations stand out in which you preferred
or not preferred to share emotions? Please describe the situations.
Answer possibility: free textfield

What did you find helpful or pleasant of the used emotion visualization?
Answer possibility: free textfield

What did you find distracting or unpleasant of the used emotion visualization?
Answer possibility: free textfield

How intuitive did you find the emotion visualization?
Answer possibility: Likert scale from "not at all intuitive" to "absolutely intuitive'

'

With which groups of persons would you like to share your emotions?
Answer possibility: selection of friends, family, co-workers, no one, other

Which emotions were visualized in chat,
that encourage you most to speak to the person?
Answer possibility: selection of emotions and none

Which emotions were visualized in chat,
that encourage you most not to speak to the person?
Answer possibility: selection of emotions and none

Which emotions of your chat partner do you want to see?
Answer possibility: selection of emotions and none

Which emotions of your chat partner do you not want to see?
Answer possibility: selection of emotions and none

How reliable did the emotion recognition work for you?
Answer possibility: Likert scale from "did not work at all" to "worked very reliable"

Did you have privacy concerns while using the application?
Answer possibility: free textfield

Would you use emotion visualization in chats also outside of this study?
Please explain why/why not. Answer possibility: free textfield

What improvements or additional features do you wish for in the future?
Answer possibility: free textfield
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Human Computer Interaction Group (MCI), VIS
University of Stuttgart

Germany

Prof. Dr. Albrecht Schmidt

Consent Form

DESCRIPTION: You are invited to participate in a research study evaluating Whatsapp
Web chat with a Chrome extension visualizing emotions.

TIME INVOLVEMENT: Your participation will take 28 days. For compensation you will
receive 30€.

DATA COLLECTION: For this study you will be asked to use Whatsapp Web and a Chrome
extension with chat partners who use the same Chrome extension. Your emotions and the
emotions of your chat partners will be tracked and visualized. Furthermore, it will be tracked if
you use this feature and whether you turn the emotion visualization on or off for particular
users. Afterwards you will be interviewed about your opinions regarding the emotion
visualization and chat behavior.

RISKS AND BENEFITS: No risk is associated with this study. The collected data is securely
stored. We do guarantee no data misuse and privacy is completely preserved. Your data will
be used anonymously and for scientific purpose only.

PARTICIPANT’S RIGHTS: If you have read this form and have decided to participate in
this project, please understand your participation is voluntary and you have the right to
withdraw your consent or discontinue participation at any time without penalty or loss
of benefits to which you are otherwise entitled. The alternative is not to
participate. You have the right to refuse to answer particular questions. The results of this
research study may be presented at scientific or professional meetings or published in
scientific journals. Your identity is not disclosed unless we directly inform and ask for your
permission.

CONTACT INFORMATION: If you have any questions, concerns or complaints about this
research, its procedures, risks and benefits, contact following persons:

Tamara Mantz (tamara.mantz@gmail.com)

Romina Kettner (romina.kettner@vis.uni-stuttgart.de)

Stefan Schneegal} (stefan.schneegass@uni-due.de)

By signing this document I confirm that | understand and agree to the terms and
conditions.

Name: Signature, Date:
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Demographic Questionnaire:

Age:

Gender:
o Female
o Male

o |ldonotwantto tell

How often do you use chats? Consider web chats as well as chat application for the
smartphone.

Daily

Weekly

Monthly

More seldom than monthly
Never

O O O O O

How do you share emotions usually in chats?
o Emoticons
o Itell emotions via text
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Instructions

1. Open the Chrome browser and go to: chrome://extensions/

®  © / % Erweiterungen

& C | ® Chrome chrome://extensions

2. Turn on ‘Entwicklermodus’ or Developer Tools

® © ® /% Erweiterungen x \\\
& C | ® Chrome chrome://extensions
Chrome Erweiterungen & Entwicklermodus
N g laden... || E packen...
Einstellungen

3. Go to,Entpackte Erweiterung laden... or ,’Load unpacked extension...”

® © ® /% Erweiterungen x \

< C | ® Chrome chrome://extensions

Chrome |« Entwicklermodus

Er packen... | Erweiterungen jetzt aktualisieren

Einstellungen

4. Load the extension

oe M Erweiterungen x \§
< C | ® Chrome chrome://extensions
Chrome Erweiterungen Erweiterungsverzeichnis auswahlen
— ] 8= s v 8 Download ¢ i Q Suche
Erweiterungen Entpackte Erweiterung ladt -
Cnstlingen P [39 WhatsappWebEmotion >
5 02_Medieninformatik...
%L CLMWebWha -
e e Wb Whatsab ! o iej0, prive
Berechtigungen
ID: bojcbbljhjginitf 7 Programme

Geladenvon: ~/I [ Schreibtisch

Ansichten prifen (8 pokumente

[7] ImInkogniton @) pownloads
Bilder

CLMWebwhg [ Filme

Web Whatsapp| 44 Musik

Berechtigungen | Gerste

D: nibkeopdimet 7 Tamas MacBook
Geladen von: ~/l

[E) sBooTCAMP
Neuer Ordner Abbrechen Auswahlen
CLM Web app it DUDLIE LUIOT UL .U 1 Akuvieren o
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5. Open https://web.whatsapp.com/ and have fun

® © © /% Erweiterungen %/ © (1) WhatsApp ®x e
<« C | & Sicher https://web.whatsapp.com = % @ i
Meine Emotionen
Blacklist . Test
Emoti ist an flr Test

Wut  Freude | Neutral
M Traurigkeit  Uberraschung was machst du

— )

C" B nichts

okay
Test jaaa
hey

o Below ‘My emotions you will find your emotions that were measured in the last 10
minutes.

was st los?

o Below ‘Blacklist’ you can set which contacts are never allowed to see your emotions.

o Below ‘Visualization is turned on for...” you can set that the emotion visualization is
currently not allowed for this chat.

o You can turn off the extension with the ‘E’ to the right of the search bar.

It is important to have a profile picture in Whatsapp. It does not matter, what it shows. However,
the extension will not work without profile picture.

There are four different visualization types which work differently:

1. The emotion, that was measured while the user was writing the message, will be shown (two
visualizations).

2. The last emotion, that was measured in the last hour, will be shown (two visualizations).

After starting the Chrome extension for the first time, the visualization switches automatically
every 7 days.

Note 1: If your chat partner is not allowed to see your emotions, you cannot see his as well.

Note 2: The emotion visualization is turned off for groups by default and cannot be changed during
this study.

Note 3: If no emotions were measured or ‘neutral’ was measured, the emotion ‘neutral’ will be
shown.

Note 4: The webcam is always turned on as long as the extension is turned on and Whatsapp Web is
opened in the Chrome browser, even if it is in the background. As long as the webcam is turned on,
emotions will be measured.

Note 5: In Windows you cannot use several programs using the webcam. This means you have to
stop other programs, that are using the webcam, in order to use the emotion visualization extension.
Vice versa you need to turn off the extension if you want to use a program that occupies the
webcam.
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Data Privacy Statement

The user will be informed that during the usage of the Chrome extension the webcam will be turned
on and screenshots of the user will be taken. In situations, when this is not wanted, the Chrome
extension can be turned off. The settings can be found next to the search bar in the browser

(the “E” with a red circle in the background):

= % R

Emotion App ist an

Alternatively, the browser tab or window, which shows Whatsapp Web, can be closed to turn off the
webcam.

The screenshots will be used exclusively within this study to recognize emotions via face expressions.
They will be immediately deleted after recognition and will not be used or saved any further by the

University.

The information, that the user hands down while using Whatsapp Web, will be used by the Chrome
extension.

92



Bibliography

[Arn72]

[ARO04]

[BDA15]

[BL99]

[BMO03]

[Bos07]

[CD96]

[CWEK13]

M. B. Arnold. Feelings and Emotions: The Loyola Symposium. Academic
Press, 1972. 1SBN: 1483202704 (cit. on p. 20).

J. Angeslevi, C. Reynolds, S. O'Modhrain. “EmoteMail.” In: Proceeding
SIGGRAPH 04 ACM SIGGRAPH 2004 Posters (2004), p. 9. po1: 10.1145/
1186415.1186426 (cit. on pp. 27, 28).

D. Buschek, A. De Luca, F. Alt. “There is more to Typing than Speed:
Expressive Mobile Touch Keyboards via Dynamic Font Personalisation.” In:
Proceeding MobileHCI ’15 Proceedings of the 17th International Conference
on Human-Computer Interaction with Mobile Devices and Services (Aug.
2015), pp. 125-130. po1: 10.1145/2785830.2785844 (cit. on p. 25).

M. M. Bradley, P.J. Lang. Affective norms for English words (ANEW): In-
struction manual and affective ratings. Tech. rep. Gainesville, FL: The
Center for Research in Psychophysiology, University of Florida, 1999. potr:
10.1.1.306.3881 (cit. on p. 20).

K. Bodine, P. M. “Kinetic Typography-Based Instant Messaging.” In: Proceed-
ing CHI EA 03 CHI ‘03 Extended Abstracts on Human Factors in Computing
Systems (2003), pp. 914-915. poi1: 10.1145/765891.766067 (cit. on
pp. 25, 29).

D. O. Bos. EEG-based Emotion Recognition: The Influence of Visual and
Auditory Stimuli. 2007 (cit. on pp. 22, 23).

R. Cowie, E. Douglas-Cowie. “Automatic statistical analysis of the signal
and prosodic signs of emotion in speech.” In: Spoken Language, 1996.
ICSLP 96. Proceedings., Fourth International Conference on (1996). DOI:
10.1109/ICSLP.1996.608027 (cit. on pp. 23, 29).

D. Cernea, C. Weber, A. Ebert, A. Kerren. “Emotion scents: a method of
representing user emotions on GUI widgets.” In: Proc. SPIE 8654. 2013.
DOI: 10.1117/12.2001261 (cit. on pp. 27, 74).

93


http://dx.doi.org/10.1145/1186415.1186426
http://dx.doi.org/10.1145/1186415.1186426
http://dx.doi.org/10.1145/2785830.2785844
http://dx.doi.org/10.1.1.306.3881
http://dx.doi.org/10.1145/765891.766067
http://dx.doi.org/10.1109/ICSLP.1996.608027
http://dx.doi.org/10.1117/12.2001261

Bibliography

[CYA16]

[DMCTO06]

[EF69]

[EF76]

[ERO4]

[ESO3]

[FMO5]

[FSREO07]

[FVP14]

[GFLM99]

94

S. Choi, T. Yamasaki, K. Aizawa. “Typeface Emotion Analysis for Commu-
nication on Mobile Messengers.” In: Proceeding AltMM ’16 Proceedings of
the 1st International Workshop on Multimedia Alternate Realities (2016),
pp. 37-40. poI1: 10.1145/2983298.2983305 (cit. on pp. 25, 29, 31, 51).

M. H. Dickey, M. McLure Wasko, K. M. Chudoba, J. B. Thatcher. “Do You
Know What I Know? A Shared Understandings Perspective on Text-Based
Communication.” In: Journal of Computer-Mediated Communication 12.1
(2006), pp. 66-87. por1: 10.1111/j.1083-6101.2006.00315.x (cit. on
pp. 25, 31, 46, 51).

P. Ekman, W. V. Friesen. “The Repertoire of Nonverbal Behavior: Categories,
Origins, Usage and Coding.” In: Semiotica 1.1 (1969), pp. 49-98. DoI:
10.1515/semi.1969.1.1.49 (cit. on pp. 15, 21, 22, 31, 46).

P. Ekman, W. V. Friesen. “Measuring Facial Movement.” In: Environmental
Pschology and Nonverbal Behavior 1.1 (1976), pp. 56-75. po1: 10.1007/
BF01115465 (cit. on p. 22).

R. El Kaliouby, P. Robinson. “FAIM: Integrating Automated Facial Affect
Analysis in Instant Messaging.” In: Proceeding IUI ‘04 Proceedings of the 9th
international conference on Intelligent user interfaces (2004), pp. 244-246.
DOI: 10.1145/964442.964493 (cit. on pp. 28, 31).

P. C. Ellsworth, K. R. Scherer. “Appraisal Processes in Emotion.” In: Hand-
book of Affective Sciences. Ed. by R. J. Davidson, H. Goldsmith, K. R. Scherer.
Oxford University Press, 2003. Chap. 29, pp. 572-595 (cit. on pp. 19, 21).

M. Fabri, D.J. Moore. “Is Empathy the Key? Effective Communication via
Instant Messaging.” In: Proceedings of 11th EATA International Conference
on Networking Entities (Oct. 2005) (cit. on pp. 26, 27, 31).

J.R.J. Fontaine, K. R. Scherer, E. B. Roesch, P. C. Ellsworth. “The World of
Emotions Is Not Two-Dimensional.” In: Psychological Science 18.12 (Dec.
2007), pp. 1050-1057. pot: 10.1111/j.1467-9280.2007.02024.x (cit. on
p. 20).

J.F. Filho, T. Valle, W. Prata. “Non-Verbal Communications in Mobile
Text Chat — Emotion-Enhanced Mobile Chat.” In: Proceeding MobileHCI
"14 Proceedings of the 16th international conference on Human-computer
interaction with mobile devices services (Sept. 2014), pp. 443-446. DOI:
10.1145/2628363.2633576 (cit. on pp. 28, 75).

O. Garcia, J. Favela, G. Licea, R. Machorro. “Extending a Collaborative
Architecture to Support Emotional Awareness.” In: Emotion Based Agent
Architectures (ebaa’99. 1999, pp. 46-52 (cit. on pp. 26, 29).


http://dx.doi.org/10.1145/2983298.2983305
http://dx.doi.org/10.1111/j.1083-6101.2006.00315.x
http://dx.doi.org/10.1515/semi.1969.1.1.49
http://dx.doi.org/10.1007/BF01115465
http://dx.doi.org/10.1007/BF01115465
http://dx.doi.org/10.1145/964442.964493
http://dx.doi.org/10.1111/j.1467-9280.2007.02024.x
http://dx.doi.org/10.1145/2628363.2633576

Bibliography

[GY11]

[HBWA17]

[1tt70]

[1za79]

[KK81]

[KM93]

[LSO00]

[LSN10]

[MHHO8]

[Mic]

D. Gokcay, G. Yildirim. Affective Computing and Interaction: Psychological,
Cognitive and Neuroscientic Perspectives. Information Science Reference,
2011. 1SBN: 9781616928926. DOI: 10.4018/978-1-61692-892-6 (cit. on
p. 20).

M. Hassib, D. Buschek, P. Wozniak, F. Alt. “HeartChat: Heart Rate Aug-
mented Mobile Messaging to Support Empathy and Awareness.” In: Pro-
ceeding CHI 17 Proceedings of the 2017 CHI Conference on Human Factors
in Computing Systems (2017), pp. 2239-2251. pol: 10.1145/3025453.
3025758 (cit. on pp. 27, 29, 73, 75).

J. Itten. The Elements of Color. Van Nostrand Reinhold Company, 1970.
ISBN: 0442240384 (cit. on pp. 24, 32).

C.E. Izard. The maximally discriminative facial movement coding system
(MAX). 1979 (cit. on p. 22).

P.R. Kleiniginna, A. M. Kleiniginna. “A Categorized List of Emotion Defini-
tions, with Suggestions for a Consensual Definition.” In: Motivation and
Emotion 5.4 (Dec. 1981), pp. 345-379. po1: 10.1007/BF00992553 (cit. on

p- 21).

G.D. Kearney, S. McKenzie. “Machine Interpretation of Emotion: Design
of a Memory-Based Expert System for Interpreting Facial Expressions in
Terms of Signaled Emotion.” In: Cognitive Science 17.4 (1993), pp. 589—
622. poI: 10.1207/515516709c0g1704 5 (cit. on p. 22).

C.L. Lisetti, D.J. Schiano. “Automatic Facial Expression Interpretation:
Where Human-Computer Interaction, Artificial Intelligence and Cognitive
Science Intersect.” In: Pragmatics and Cognition (Special Issue on Facial
Information Processing: A Multidisciplinary Perspective) 8.1 (2000), pp. 185-
235. pot: 10.1075/pc.8.1.09lis (cit. on p. 22).

Y. Liu, O. Sourina, M. K. Nguyen. “Real-time EEG-based Human Emotion
Recognition and Visualization.” In: Cyberworlds (CW), 2010 International
Conference on (2010). po1: 10.1109/CW.2010.37 (cit. on p. 23).

N. Millard, B. T. Hole, L. Hole. “In the Moodie: Using ’Affective Widgets’ to
Help Contact Centre Advisors Fight Stress.” In: In Affect and Emotion in
Human-Computer Interaction 4868 (2008), pp. 186-193. po1: 10.1007/
978-3-540-85099-1 16 (cit. on p. 27).

Microsoft. Emotion API Documentation. https://docs.microsoft.com/en-
us/azure/cognitive-services/emotion/home. Accessed: 2017-08-18 (cit. on
p. 54).

95


http://dx.doi.org/10.4018/978-1-61692-892-6
http://dx.doi.org/10.1145/3025453.3025758
http://dx.doi.org/10.1145/3025453.3025758
http://dx.doi.org/10.1007/BF00992553
http://dx.doi.org/10.1207/s15516709cog1704_5
http://dx.doi.org/10.1075/pc.8.1.09lis
http://dx.doi.org/10.1109/CW.2010.37
http://dx.doi.org/10.1007/978-3-540-85099-1_16
http://dx.doi.org/10.1007/978-3-540-85099-1_16

Bibliography

[Moh11]

[MOPIOS]

[MT10]

[OLWWO04]

[OSS06]

[OSTS57]

[PH12]

[PK80]

[PWHO04]

[SKHNO3]

96

S. Mohammad. “Colourful Language: Measuring Word-Colour Associa-
tions.” In: Proceeding CMCL ’11 Proceedings of the 2nd Workshop on Cog-
nitive Modeling and Computational Linguistics (June 2011), pp. 97-106
(cit. on pp. 24, 32).

C. Ma, A. Osherenko, H. Prendinger, M. Ishizuka. “A chat system based on
emotion estimation from text and embodied conversational messengers.”
In: Active Media Technology, 2005. (AMT 2005). Proceedings of the 2005
International Conference on (Sept. 2005). por: 10.1109/AMT. 2005.
1505418 (cit. on pp. 27, 29, 31).

S. Mohammad, P. Turney. “Emotions evoked by common words and
phrases: Using mechanical turk to create an emotion lexicon.” In: Proceed-
ings of the NAACL-HLT 2010 Workshop on Computational Approaches to
Analysis and Generation of Emotion in Text (June 2010), pp. 26-34 (cit. on
pp. 24, 32).

L. Ou, M. R. Luo, A. Woodcock, A. Wright. “A Study of Colour Emotion
and Colour Preference. Part I: Colour Emotions for Single Colours.” In:
Color Research and Application 29.3 (2004), pp. 232-240. po1: 10.1002/
co0l.20010 (cit. on p. 24).

J. Ohene-Djan, A. Sammon, R. Shipsey. “Colour Spectrum’s of Opinion:
An Information Visualisation Interface for Representing Degrees of Emo-
tion in Real Time.” In: Information Visualization, 2006. IV 2006. Tenth
International Conference on (2006). pDoI: 10.1109/1V.2006.34 (cit. on
p. 24).

C.E. Osgood, G.J. Suci, P. H. Tannenbaum. The measurement of meaning.
University of Illinois Press, 1957. 1SBN: 0252745396 (cit. on p. 20).

M. C. Pichiliani, C. M. Hirata. “Exploring a Brain Controlled Interface for
Emotional Awareness.” In: Collaborative Systems (SBSC), 2012 Brazilian
Symposium on (2012). po1: 10.1109/SBSC.2012.34 (cit. on p. 26).

R. Plutchik, H. Kellerman. Theories of Emotion. Academic Press, 1980. ISBN:
1483244814 (cit. on pp. 19, 20, 24, 32).

K. Pong, C. Wang, S. Hsu. “GamIM: Affecting Chatting Behavior by Vi-
sualizing Atmosphere of Conversation.” In: Proceeding CHI EA ’14 CHI
"14 Extended Abstracts on Human Factors in Computing Systems (2004),
pp. 2497-2502. po1: 10.1145/2559206.2581168 (cit. on pp. 28, 29, 32).

T. Sato, K. Kajiwara, H. Hoshino, T. Nakamura. “Quantitative evaluation
and categorising of human emotion induced by colour.” In: Adv Colour Sci
Technol (2003), pp. 53-59 (cit. on p. 24).


http://dx.doi.org/10.1109/AMT.2005.1505418
http://dx.doi.org/10.1109/AMT.2005.1505418
http://dx.doi.org/10.1002/col.20010
http://dx.doi.org/10.1002/col.20010
http://dx.doi.org/10.1109/IV.2006.34
http://dx.doi.org/10.1109/SBSC.2012.34
http://dx.doi.org/10.1145/2559206.2581168

[SS09] K. Schaaff, T. Schultz. “Towards Emotion Recognition from Electroen-
cephalographic Signals.” In: Conference: Affective Computing and Intelligent
Interaction and Workshops (2009). po1: 10.1109/ACII.2009.5349316
(cit. on p. 23).

[TNP+09] D. Tsetserukou, A. Neviarouskaya, H. Prendinger, N. Kawakami,
M. Ishizuka, S. Tachi. “iFeel IM! Emotion Enhancing Garment for Com-
munication in Affect Sensitive Instant Messenger.” In: Human Interface
and the Management of Information. Designing Information Environments,
Symposium on Human Interface 2009 (2009). po1: 10.1007/978-3-642-
02556-3 71 (cit. on pp. 27, 29).

[WPI04] H. Wang, H. Prendinger, T. Igarashi. “Communicating Emotions in Online
Chat Using Physiological Sensors and Animated Text.” In: Proceeding CHI
EA ’04 CHI 04 Extended Abstracts on Human Factors in Computing Systems
(2004), pp. 1171-1174. por: 10.1145/985921.986016 (cit. on pp. 25, 28,
31, 33, 74).

[XCO00] J. Xin, K. Cheng. “Quantitative evaluation of colour emotion.” In: JSPS
Fund Meeting (2000), pp. 71-86 (cit. on p. 24).

All links were last followed on September 21, 2017.


http://dx.doi.org/10.1109/ACII.2009.5349316
http://dx.doi.org/10.1007/978-3-642-02556-3_71
http://dx.doi.org/10.1007/978-3-642-02556-3_71
http://dx.doi.org/10.1145/985921.986016




Declaration

I hereby declare that the work presented in this thesis is
entirely my own and that I did not use any other sources
and references than the listed ones. I have marked all
direct or indirect statements from other sources con-
tained therein as quotations. Neither this work nor
significant parts of it were part of another examination
procedure. I have not published this work in whole or
in part before. The electronic copy is consistent with all
submitted copies.

place, date, signature



	1 Introduction
	2 Background and Related Work
	2.1 Fundamentals of Emotions
	2.2 Measuring Emotions
	2.3 Communication of Emotions
	2.4 Applications in HCI using Emotions
	2.5 Summary

	3 Concept
	3.1 Research Questions
	3.2 Summary

	4 Focus Group
	4.1 Participants and Procedure
	4.2 Results
	4.3 Discussion
	4.4 Summary

	5 AffEXT
	5.1 Design
	5.2 Implementation
	5.3 Summary

	6 User Study
	6.1 Study Design
	6.2 Participants and Procedure
	6.3 Results
	6.4 Discussion
	6.5 Summary

	7 Conclusion
	A Appendix
	A.1 Focus Group
	A.2 User study

	Bibliography

