Abstract

This is an illustration of the potential value of in-depth examinations of the various
dimension of User Experience. Two pieces of research are described, both carried
out by the author. The first piece acts as an example of how ambiguity in User
Experience may be resolved, by building an in-depth understanding of each dimen-
sion individually. The dimension of "Emotion" has been found to be the one most
HCI projects focus on, and this is therefore chosen as the target of examination.
An understanding of emotion, relevant to HCI, is found through a systematic pro-
cess moving from the abstract world of philosophy all the way down to the physical
elements. The end-result is an understanding of what emotions are, and which vari-
ables influence them.

The second piece demonstrates the practical value of gaining a deeper under-
standing of experiential dimensions. The piece describes the development and test
of a new Usability Evaluation Method, attempting to avoid the heavy reliance on
expert judgment. Through the development process, the in-depth understanding
of emotion is shown to be of practical value. A theoretical method of recognizing
the onset of emotion is developed, and the understanding of emotion further con-
tributes with insights into complex nature of emotion. The end result is a method
that utilizes psychophysiological measurement to determine the onset of emotional
reactions, and then involves the users directly in the process of identifying usabil-
ity problems. The method is tested through an experiment, and found to produce
promising results.

The second piece thus demonstrates a practical application for the theoretical
understanding gained through an in-depth review of a single User Experience di-
mension. This should act as an incentive for the HCI community as a whole to
further deepen the understanding of experiential dimensions.
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1 Introduction

The field of HCI is increasingly moving towards a focus on the over-all experience
provided by interactive systems. There has been a tendency in the field to only con-
cern itself with pragmatic measures of efficiency, but this is now changing. This
brings a lot of new and exciting opportunities and challenges to the field. One of
these challenges in this regard is to understand what "User Experience" (UX) actu-
ally entails. The term is broadly used, yet poorly defined. A dimensional approach
to User Experience has been proposed by [Bargas-Avila and Hornbeek, 2011], divid-
ing the broad field of User Experience into more manageable chunks. The division
in itself is not the full solution though: each of the dimensions are in themselves
complex, and ill-defined despite their wide application.

Another interesting problem is whether, and how, an added of understanding of
these dimensions can contribute to the field in a practical way. Knowledge that can
not be applied has limited interest. Strong examples need to be set for the practical
value of investigating UX dimensions in detail.

1.1 Research Question 1

The UX dimension of "Emotion" is the most oft-studied [Bargas-Avila and Hornbeak, 2011].
This makes it a perfect candidate for detailed examination:

"What understanding of ’Emotion’ is best suited for HCI-research, and what does
it consist of 7"

1.2 Research Question 2

The answer to the first question provides a detailed understanding of emotion rel-
evant to HCI. As mentioned in the introduction, the application of this new-gained
perspective in a way that benefits HCI practitioners in general could lead to a broader
interest in further inquiry into the various dimensions of UX. The next research
question is:

"How can the detailed understanding of Emotion be put to practical use?"



2 Research Papers

This chapter presents the two research papers in the thesis. The first paper is a
literature review focusing on providing an understanding of Emotion that is relevant
to the field of HCI. The first paper can be seen in Appendix A. The second describes
the development and testing of a method, that utilizes the understanding of emotion
in a practical way: identification of usability problems.

2.1 Research Paper 1
Paper Title: Understanding User Emotion

The growing focus on "User Experience" is providing a wealth of new opportunities
as well as challenges for the field of HCI. The paper describes the problematic nature
of inconsistent understandings of what "emotions" are, and sets out to alleviate the
problem by making an in-depth analysis of what emotion entails. Emotion is found
to be very complex in nature, and the paper therefore narrows it’s field of interest
to specifically seek out an understanding of emotion that is of practical value to the
field of HCI. The paper starts out by identifying the best suited philosophical basis as
Materialism. This view states that body and mind are the same, leading to the con-
clusion that emotions must be physically present and therefore measurable. Next,
the body’s involvement in emotion is examined, and the The Schachter-Singer the-
ory deemed most relevant to HCL This leads to the assumption that emotions are
the result of the physical reaction to a stimuli combined with a cognitive evalua-
tion of the context in which it is experienced. Physical reactions are therefore not
seen as reliable indicators of specific emotions, and context is discovered as an im-
portant variable in emotion. The Componential Theory of Emotion is found to be
strongly compatible with the choices and discoveries made in the report. It strongly
contributes to the understanding of emotion through it’s description of emotions as
being innate responses to stimuli that is considered "of major concern of the organ-
ism". Maslow’s Hierarchy of Needs is set in relation to what entails "major concern”,
indicating a strong subjective factor into whether or not an emotional response is
elicited as a response to an event. A range of Affective States all related to, but dis-
tinct from, emotion are also presented. The complex relationship between emotion
and the other Affective States further emphasizes the subjective nature of emotion.
A range of all independent variables of emotion identified through the review is



CHAPTER 2. RESEARCH PAPERS

presented in the end. This concludes that while the combined understanding should
theoretically allow for objective measurement, this is not feasible in practice.

2.2 Research Paper 2

Paper Title: User Identified Usability Problems

Emperical and Analytical Usability Evaluation Methods (UEMs) both rely heavily on
expert judgment in their identification of usability problems. This paper attempts to
resolve this, by looking for alternative sources of information. The user is investi-
gated as a possible vector, and through the inclusion of "Frustration" as a character-
istic of usability problems [Skov and Stage, 2005] it becomes plausible. The paper
then utilizes the knowledge of emotion to theorize that a measurement of the Auto-
nomic Nervours System (ANS) should reveal the onset of experienced emotion. The
understanding of emotion is also used to shape the practical aspects of testing: the
physical environment should be as close to a realistic usage situation as possible,
and the task given should have a relevant relation to the subjects met and desired
needs. Furthermore, the insight into the complexity of the emotional process allows
for the quick conclusion that involving the user directly in the interpretation of the
emotion is the only viable option. The method relies on the psychophysiological
measurement to identify the timing of emotion, and then uses this to extract clips
of video leading up to it. The user is then asked to describe what they experienced
and why, along with reporting their emotional state at the time through self-report
tools. An experiment was designed and set up to test the feasibility of the study.
The developed UEM was considered a success based on the experiment, but further
testing is warranted.



3 Answers to Research Questions

This chapter answers the research questions based on the research described in the
articles appended as Appendix A and B.

3.1 Research Question 1

"What understanding of ’Emotion’ is best suited for HCI-research, and what does it
consist of ?"

The best suited understanding of emotion for HCI use assumes a materialistic con-
nection between mind and body. Emotions are understood as innate responses to
events that are considered "of major concern of the organism". When an event is
percieved, the body and the mind start responding to it simultaneously. The re-
sulting emotion is based on the following range of independent variables, some of
which may differ from person to person and from time to time:

« Events « Prototypical Responses
» Context » Organismic Subsystems
« Other Affective States « Maslow’s Hierarchy of Needs

This understanding provides valuable insight such as (1) emotional reaction can
be measured, and (2) the emotional response to an event is heavily dependent on a
list complex variables that differ from person to person.

3.2 Research Question 2

"How can the detailed understanding of Emotion be put to practical use?"

The study in Article 2 clearly demonstrated how the detailed understanding of emo-
tion made it possible to identify and use an alternative data-point in an existing
practice. The understanding of emotion created the foundation for an alternative
approach to identify usability problems, ultimately resulting in a promising UEM.
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INTRODUCTION

The field of Human-Computer Interaction (HCI) is increas-
ingly opening up to a multifaceted understanding of a user’s
experience with interactive products, as opposed to tradi-
tional usability evaluations focusing only on the aspects rel-
evant to efficiency [30]. This broadened focus is not without
it’s challenges though, as is illustrated through this quote
from acclaimed academic Donald Arthur Norman’s:

Yes, user experience, human centered design, usability;
all those things, even affordances. They just sort of en-
tered the vocabulary and no longer have any special
meaning. People use them often without having any
idea why, what the word means, its origin, history, or
what it’s about.

[27]

This is problematic: the field is moving towards a broader
understanding of the experience of a user, yet it lacks a clear
understanding of what this entails. One approach to bet-
ter understand what UX consists of is a dimensional view
presented in [6]. This dimensional approach is the basis for
this article, in which the most oft-studies dimension, "Emo-
tion/Affect”, is explored in greater detail. An understand-
ing of "emotion" that can be considered relevant the field of
HCI will be sought out, and comparisons made to how re-
searchers are currently understanding and measuring it. The
paper starts out by exploring emotion from its philosophical
roots, moving further into the field of psychology and end-
ing in the tangible world of neuroscience. These findings will
then provide a foundation on to which currently applied UX
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methods of assessing emotion can be compared, and possible
elaborations or alternative methods be proposed.

UNDERSTANDING EMOTION

The understanding of human emotion, and even the inter-
pretation of the word itself, is diverse and varying across
scientific fields and researchers. The brain is a very complex
structure, and until we understand it in full detail, we can
not expect to work with a final understanding of emotion:

(...) a full and accurate definition [of emotion, sic.] de-
pends on the fullness and accuracy of our knowledge,
and in the midst of our current ignorance we must start
with approximations.

[26]

HCI researchers should therefore focus on identifying an ap-
proximate understanding of emotion that is relevant to the
field. This paper is not an attempt to create such an elaborate
definition of emotion for HCI, but instead relies on initial ex-
plorations of the various understandings and underpinnings
of emotion in order to examine and possibly elaborate on the
existing practices of assessing emotion in HCL. We start out
with an exploration of the philosophical basis of emotion,
and then move on to the more tangible fields of psychology
and neuroscience.

Philosophical Basis

Due to its complex nature, various ideas of the fundamen-
tal basis of human emotion has been proposed over time.
The relationship between the mind and the body, known as
the Mind-Body problem in Philosophy, is an important ques-
tion to address in regards to HCI, as the chosen approach
strongly dictates the ways in which emotion can be assessed,
and additionally delimits the field of further research. This
section explores three of the most recognized approaches to
the Mind-Body problem in philosophy: Dualism, Material-
ism and Idealism:

Dualism considers mind and body as distinct - the "I" that
thinks is different from the physical "I", the body [3]. This
view is strongly associated with Descartes who sees the two
as fully distinct, and individually whole, "substances" [12].
Some Cartesians argue that the appearance of the mind af-
fecting the body is due to special intervention by a meta-
physical force, whereas Descartes himself instead believed
in a "special relationship" between the two.
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Materialismis the idea, that the mind is simply an abstraction
of the body [2]. Different states of mind are simply different
states of the physical brain, and there is no real distinction.
This view is often associated with Aristotle who described
the "soul" as a type of life-force that disappears when the
body dissolves. Modern knowledge on how neuron death
due to neurodegenerative affects the mind supports this idea.

Idealism dismisses the existence of an external physical
world [1]. The most extreme form sees all of reality as
an entirely mental construction created by a non-physical
"I", whereas other forms assume the existence of a physical
world but holds that we are not able to observe this objec-
tive reality. Common for the idealistic approach is the idea
that the world is not best understood through hard sciences
such as mathematics and physics, but instead through a self-
conscious mind.

The above are descriptions are merely quick summaries of
the extreme forms of each of these approaches, as there are
countless variations of each of them. Due to the metaphys-
ical nature of this question, it is not possible to conclude
which, if any, of these approaches is correct. The approach
best suited for the field of HCI will therefore be chosen as
the immediate foundation of the UX-dimension in this pa-
per. Dualism depends on either an ill-defined "special rela-
tionship" between mind and body, or a metaphysical force
to synchronize the two, leading to complications in trust-
ing that the body communicates what the mind is actually
thinking without interference or modification from these un-
known factors. Idealism dismisses the existence of a physical
world, essentially invalidating all established fields of nat-
ural science, including existing practices in HCI. Material-
ism on the other hand is backed up by current research into
neurological disorders, assumes no outside or inexplicable
forces, and suggests that emotions are physical states of the
brain and body, leading to them being, at least theoretically,
measurable by external observers. In conclusion, material-
ism seems like the best basis for a theoretical understanding
of emotion in the context of HCI research.

Psychological Experimentation

With the connection between mind and body established, we
move on to explore how the body as a whole is involved in
emotion. According to materialism, an emotion is a certain
physical state or balance of the brain - but how is this re-
lated to the various physical changes in the rest of the body?
A range of theories and experiments have been conducted
in the field of psychology to examine this, and they further
serve as an initial approach to understand what distinguishes
various emotions.

The James-Lange theory of emotion defines emotions as be-
ing the result of physical changes in the autonomic and mo-
tor functions: input from our senses creates a range of re-
sponses in our body, and our awareness of these changes is
what constitutes an emotion. Individual emotions are distin-
guished based on their unique bodily expression [20]. The
theory states that when something happens in our environ-
ment (e.g. we get attacked by a predator) we instantaneously
get a physical reaction to this (e.g. muscle tension, widening

of eyes, increased sweat production etc.), which we then in-
terpret as a specific emotion based on the characteristics of
this reaction alone.

The Cannon-Bard theory, on the other hand, sees physiologi-
cal changes and emotions as two separate processes that be-
gin at the same time. Input from the senses lead to both phys-
iological changes and the experience of an emotion - one
does not cause the other [11]. This theory also challenges the
notion that emotions have unique bodily expressions, claim-
ing that the physiological reaction to for example fear and
anger is identical, even though the subjective experience of
those two emotions are very different. In the example of the
predator attacking, this theory states that there would be two
simultaneous but individual processes happening: a physio-
logical change (e.g. changed posture) and a mental change
(e.g. feeling angry).

The Schachter-Singer theory, commonly known as the Two-
Factor Theory of Emotion, can be seen as a combination of
the two aforementioned theories. Emotions are seen as being
initialized by the bodily changes occurring based on sensory
input, but then argues that a cognitive evaluation of the con-
text is performed and used to internally label the reaction as
a specific emotion [28]. When a predator attacks, the person
experiences a physical reaction (e.g. change of posture) and
uses this physiological change, and the context in which it is
experienced, as input in a cognitive process of assigning and
experiencing a specific emotion (e.g. anger/fear).

The Schachter-Singer theory is based on, and backed up by,
an experiment [28] in which a physiological response was
induced through an injection of epinephrine, and the con-
text varied. When the user was in a neutral context, the
induced physiological change resulted in no subjective ex-
perience of emotion. In two other experimental contexts an
actor was present and acted either angry or happy, leading
to the subject experiencing the very same emotion - indicat-
ing that a cognitive evaluation of the environment was used
to label the experienced physiological change as a specific
emotion. This study, combined with experiments produced
by Cannon-Bard [11], strongly suggest that the James-Lange
theory is not correct, although relatively new research has
shown that a specific number of emotions do have unique
bodily profiles, and can therefore be classified according to
these parameters [21] [26]. The experiment conducted in
[28] creates strong support for the Schachter-Singer the-
ory, meaning that emotion is a product of both physiological
changes and a cognitive evaluation of the context in which
they are experienced. The Schachter-Singer theory is there-
fore deemed the best basis for understanding the relation be-
tween changes in the brain and in the rest of the body in the
context of HCI research. It is further noted that the context
in which events are experienced is an important factor in the
expression of emotion.

Differentiation of Emotions

It has now been established that we treat emotion as a spe-
cific physical state of the brain, and that this state occur as a
product of a cognitive processing of the bodily reaction to an
event, and the context in which this is experienced. The next



question is how we differentiate the various emotions a user
can experience. There are two main ways of differentiating
between emotions:

Discrete Emotions proposes that there is a certain set of innate
basic emotions which can be distinguished based on neural,
behavioral, physiological and expressive features. A set of
discrete emotions which can be distinguished based on facial
expressions have been proposed by Ekman and Friesen [16]:
anger, disgust, fear, sadness, surprise and happiness. Ekman
suggests that these emotions can be expressed in varying de-
grees. A recent study [5] exploring the language used to ex-
press emotions on Twitter Ekman s set of discrete emotions
to be the most semantically distinct, further supporting this
set of emotions as "basic". Discrete emotion theory gener-
ally sees emotions as being hard-wired "programs", shaped
through the evolutionary process, for dealing with problems
that pose significant consequences for the survival and well-
being of the person [22]. Problems are matched to a set of
innate prototypical configurations, leading to activation of
an appropriate emotional response. This response is what
is typically (due to evolution) best suited to solve problems
of the type being experienced. It is also suggested that the
emotional state is communicated out through for example
facial expressions in order to help other alter their behavior
accordingly.

Dimensional Models see the world of emotion as being too
complex to fit into the pre-defined "boxes" or labels provided
by discrete emotion theory, and instead place the emotional
state of a person in a multidimensional plane. One such set of
dimensions, commonly used in UX research [6], is utilized in
the Self Assessment Scale (SAM) [10] which is based on the
dimensions of Pleasure, Arousal and Dominance, known as
the PAD model [25, p. 39-53]. Dimensional models are not as
straightforward as discrete emotions, but has the advantage
of allowing for more fine-tuned input. Dimensional mod-
els also provide beneficial insights into the degree to which
emotions are felt and how various emotions relate to each
other.

These two different ways of representing the landscape of
emotion seem to compliment each other, rather than one
necessarily being right and the other wrong. Akin to the
inability of concepts such as "particle" and "wave" to fully
describe light in the field of physics, it seems relevant to in-
clude both methods of representation in HCI research. Ex-
isting methods that rely on one of these representations may
thus benefit from considering the other perspective.

Classification of Emotions

Besides differentiation between individual emotions, some
researchers also classify emotions into broader categories.
Scherer distinguishes between whether or not an emotion
serve a survival or need-based purpose [29] for example:

Utilitarian emotions are based on our bodily needs, current
goals, coping potential and social values. They are emotions
that help us adapt to events that appear to have important
consequences for our well-being. Based on the evaluation of
the event, a certain behavior is then initiated to deal with the

event and influence the outcome to either limit the damage
or maximize the positive consequence. These emotions are
the ones important for survival and well-being, and are thus
often very resource-intensive as the subsystems synchronize
and mobilize in order to deal with the situation.

Aesthetic emotions are emotions we experience without a
utilitarian motive. Experiences such as art are not evaluated
according to the aforementioned needs, goals and values.
They are instead produced: "by the appreciation of the beauty
of nature, or the qualities of a work of art or an artistic perfor-
mance” [29]. A bodily reaction can still result from experi-
encing an aesthetic emotion, but this reaction is not in the
form of preparation to adapt to, or influence, consequences.
Goose pimples, shivers and moist eyes are the most com-
mon bodily symptoms of aesthetic experiences, and serve no
action-oriented purpose.

This distinction is an important part of Scherer’s Componen-
tial Theory of Emotion which will be described next.

Componential Theory of Emotion

The Componential Theory of Emotion [29] is an approach
to understanding emotion that is highly compatible with the
aforementioned choices. It assumes a materialistic connec-
tion between the mind and body, includes context as an im-
portant factor as proposed by the Schachter-Singer theory,
and uses a combination of both discrete and dimensional
models to distinguish between the various emotions. Emo-
tion is described in this theory as a mobilization and syn-
chronization of five organismic subsystems as a response to
a cognitive evaluation of external or internal stimulus events
that are "relevant to major concerns of the organism" [29].
When an event happens that is of major concern, the event
is evaluated through a comparison to innate prototypical re-
sponses, and a response (the emotion) is elicited through ac-
tivation of the five subsystems. It is important to note that
this "evaluation” is not a time consuming conscious process
as is often associated with the term in HCIL, but instead relies
on faster subconscious processes. The purpose of emotions
is to deal successfully with an event that is of direct con-
cern to the organism, and the activation of the subsystems
require a lot of resources to do so. This means that emotions
are short-acting mental states that can not be sustained for
longer periods of time, and that they are always tied to a
specific event.

The five organismic subsystems proposed by Scherer are: In-
formation processing, Support, Executive, Action and Mon-
itor. These systems are abstractions of activity happening in
the Central Nervous System (CNS), Neuro-Endocrine System
(NES), Autonomic Nervous System (ANS) and the Somatic
Nervous System (SoNS). Based on this theory of emotions
being an activation of these systems, it may be possible to
capture and identify specific emotions through physiologi-
cal measurements of one or more systems.

Related Affective States
Another important contribution by the Componential The-
ory is how emotions are distinct from, and related to, various



other affective states [29]. In order to understand what emo-
tions are, it is relevant to understand what emotions are not.
The affective states can be described as such:

Feelings are a subpart of emotions themselves. They are the
subjective experience of the emotional response (the mobi-
lization and synchronization).

Preferences, like emotions, are evaluations. They are more
stable than emotions however, and are limited to simple
judgments of like/dislike and preferring one thing over an-
other. Feelings are unspecific and do not produce large be-
havioral changes.

Attitudes are long lasting beliefs and predispositions toward
specific things, persons, events or groups. In contrast to
emotions, attitudes do not need evaluation of an event to
be triggered. Attitudes may make the occurrence of related
emotions more likely.

Mood is an affective state that makes a range of subjective
feelings related to the specific mood more dominant. Moods
influence experiences and behavior. A mood does not need
a clear connection to a specific event. They are of low inten-
sity and can last for hours or even days. A bad mood makes
the experience of bad emotions more likely, whereas a good
mood does the opposite.

Affect Dispositions are personality traits and tendencies in
a persons behavior leading to the person in question being
more likely to experience certain moods. Sickness, such as
depression, is an Affect Disposition that can lead to a mood
being more or less permanent.

Interpersonal Stances develop either spontaneously or strate-
gically in the interaction with people. Communication is
formed to be polite or supportive for example. Often based
on affect dispositions, attitudes and strategic intentions. In-
terpersonal Stances can also be trigged by the evaluation of
an event.

By adopting this differentiation of affective states in to HCI
it becomes easier to develop methods that focus on emotion
specifically, while also drawing attention to how other affec-
tive states influence the emotions a user experiences. It may
for example be necessary to collect data about Mood, Affect
Dispositions and Interpersonal Stances in order to correctly
identify the emotional state of a user, as these are all able to
influence the emotional response to an event.

Maslows Hierarchy of Needs

Since the understanding of emotion we have adopted, from
the Componential Theory of Emotion, states that emotions
are responses to events that are of "major concern”, it is rele-
vant to understand when and why such threshold is reached.
According to Maslows Hierarchy of Needs, the things that
are considered of major concern may not be static, but in-
stead relies on where in this hierarchy the individual is cur-
rently situated: According to Maslows Hierarchy of Needs
[24], the needs of an individual depends on their currently
met and wanted needs. A person that has already met his or
her needs on the Physiological, Safety and Love/belonging

levels in the hierarchy will experience negative emotions
when these already-met needs are in danger, and positive
emotions when currently unmet, but hierarchically close,
needs show a possibility of being met. Needs that are posi-
tioned significantly higher in the hierarchy relative to a per-
sons currently met needs therefore seem unlikely to yield a
strong emotional reaction, as they can not be considered of
"major concern to the organism".

This is interesting, as it introduces an important variable in
the evaluation of a products emotional impact: currently met
and desired needs influence whether or not specific events
will cause an emotional reaction. Different people will ex-
perience different emotions based on how the events being
experienced are related to their currently met and desired
needs.

EVALUATION OF EMOTION IN HCI

This section describes some of the existing methods for mea-
suring Emotion in HCI and presents a running discussion
of how these methods relate to the theories of emotion pre-
sented in the previous section.

AttrakDiff

AttrakDiff is a model for evaluating the attractiveness of in-
teractive products [18]. Emotion is mentioned in this model
as a consequence of a users assessment of attractiveness,
which in turn is based on the perceived pragmatic and hedo-
nic qualities of the product. These terms can be described as
follows:

Pragmatic Qualities are qualities of the product that bring
the user closer to his or her goals. A program with a high
pragmatic quality assists the user in task-oriented work in
an efficient and easy way. These qualities seem related to
Utilitarian emotions.

Hedonic Qualities are qualities of a product that are not prag-
matic in nature. The hedonic qualities are not about efficient
task-solving, but instead focus on how pleasant a product is
to use. These qualities seem related to Aesthetic emotions.

When a user interacts with a product, a range of pragmatic
and hedonic qualities are perceived by the user, and an over-
all assessment of the products attractiveness is made - e.g.
the product is "likable". This assessment then leads to be-
havioral (e.g. increased use) and emotional consequences
(e.g. joy). AttrakDiff evaluates the users perceived Prag-
matic Quality (PQ), Hedonic Quality (HQ) and Attractive-
ness (ATT) of a given product by asking users to evaluate
their experience through 23 7-step scales consisting of bipo-
lar adjectives such as Good-Bad and Unusual-Ordinary.

This model describes emotion as being a consequence of a
cognitive evaluation, showing a similarity to the understand-
ing presented in the Componential Theory of Emotion. The
evaluation mentioned in AttrakDiff is not of whether or not
the event is of major concern to the organism though; it is
clearly focusing on simpler judgments of liking or disliking
certain aspects of a product. This means, that what AttrakD-
iff refers to as "emotions” is likely what the Componential
Theory refers to as Preferences. This is an indication of how



broadly the concept of emotion can be understood, and is
already used, in HCL

Self Assessment Scale (SAM)

The Self Assessment Scale (SAM) [10] is a tool in which a
user can assess his or her emotional state through graphical
scales. The tool is based on a Dimensional Model of emotion
called the PAD Model (Pleasure, Arousal, Dominance) [25, p.
39-53] that uses three dimensions to represent all possible
emotions:

The Pleasure-Displeasure Scale indicates how pleasurable an
emotion is. Joy would be high on the pleasure scale, while
fear or anger would be in the opposite end.

The Arousal-Nonarousal Scale indicates how intense an emo-
tion is. Rage is an example of a highly intense emotion,
meaning it would be be placed towards Arousal on the scale.
Boredom is an example of the opposite.

The Dominance-Submissiveness Scale indicates how control-
ling an emotion is. Anger is an example of a dominant emo-
tion, while fear is is a submissive emotion.

SAM uses cartoon characters (manikins) expressing plea-
sure, arousal and dominance to represent these scales. Be-
fore and/or after interaction with a product, the user is
asked to assess their emotional state through the choice of
manikins. The tool relies heavily on the users ability to as-
sess the severity of each dimension individually, and be able
to empathize with the cartoon characters in order to choose
the one best resembling their current state.

SAM is thus a dimensional model that relies on the users
ability to understand their own emotional state, interpret
the manikins correctly, and communicate their state through
successful association between the two.

Emocards

EmoCards is a set of cartoon faces ("pictograms”), eight male
and eight female, that represent eight distinct emotion cat-
egories. This method is thus an example of measurement
method based on Discrete Emotion theory. The eight emo-
tions represented in EmoCards are:

1. Excited, neutral 5. Calm, neutral

2. Excited, pleasant 6. Calm, unpleasant

3. Average, pleasant 7. Average, unpleasant

4. Calm, pleasant 8. Excited, unpleasant

The user is never shown these textual descriptions; they only
ever see the cartoon faces meant to universally represent
each of these emotions. Before and/or after a user is in-
troduced to, or interacts with, a product, they are asked to
choose the pictogram best representing their current emo-
tional state. It is worth noting that this method has been
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elaborated upon in [14], using animated puppets for expres-
sions instead, revealing that emotion shown through anima-
tions are easier for subjects to recognize. A practical imple-
mentation of this elaborated method is called PrEmo and is
described in the next section.

As with SAM, this method relies on the users ability to un-
derstand the pictograms and use these to communicate their
emotional state, but uses a specific set of discrete emotions
instead of a dimensional model.

Product Emotion Measurement Instrument (PrEmo)

This method, or instrument, is presented in [13]. It is a prac-
tical implementation of an elaborated version of the afore-
mentioned EmoCards, using animated pictures instead of
static ones. The method is specifically developed to measure
combinations of emotions simultaneously, as it is theorized
that some of the phenomena we refer to as single emotions
in everyday language may actually be a combination of mul-
tiple emotions:

Even more, rather than being an emotion as such, ‘hav-
ing fun’ is probably the outcome of a wide range of pos-
sible emotional responses. Imagine, for example, the
fun one has when watching a movie. This person will
experience all kinds of emotions, such as fear, amuse-
ment, anger, relief, disappointment, and hope. Instead
of one isolated emotion, it is the combination of these
emotions that contributes to the experience of fun.

[13]

This example is particularly interesting, as "Enjoyment, fun"
is the third most common UX dimension identified in [6].

The animations used in PrEmo represent 14 different emo-
tions; 7 pleasant and 7 unpleasant ones. These emotions
were chosen based on research into which emotions are most
often experienced in regards to product design [13]. The
emotions are:

Pleasant Emotions:
1. Desire 5. Admiration
2. Pleasant surprise
6. Satisfaction
3. Inspiration
4. Amusement 7. Fascination
Unpleasant Emotions:
1. Indignation 5. Dissatisfaction
2. Contempt
) 6. Disappointment
3. Disgust
4. Unpleasant surprise 7. Boredom

The above emotions are shown in a self-contained computer
program as 14 different cartoon characters. When the user
moves the mouse pointer on top of one of the cartoon char-
acters, the animation is started. When an emotion is clicked,
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the user is asked to choose between the following three lev-
els of emotional involvement:

e I do feel the emotion
e To some extent I feel the emotion

e I do not feel the emotion expressed by this animation

The user is asked to click and rate every single emotion, but
is free to choose the order in which this is done. This allows
for the identification of states (such as the aforementioned
"having fun") that are the result of multiple emotions being
present at or around the same time.

This method has an interesting use of discrete emotions, as
they can be represented in a multidimensional plane when
the existence of multiple experienced emotions are taken
into account.

Experience Clip

Experience Clip was originally developed for evaluation of
general UX of mobile applications, but has been specifically
applied for emotion evaluation in [19]. Two users (friends)
are involved, where one is given a mobile phone with the
application to be tested (Person A) and the other person a
phone with the capability of recording video (Person B). Per-
son B is then encouraged to record as many video clips of
Person A using the application as possible. They have the
full control over which events are recorded and which are
not. Experience Clip is thus a tool to allow users themselves
to reflect over the feelings and emotions evoked through the
interaction with the device and application. The motivation
behind using friends, instead of for example the researcher
recording the video, is to let the social situation be natural for
expressing and describing emotions - something that would
likely be inhibited by the presence of a stranger. Another
motivation is the idea of friends being experienced in inter-
preting and understanding emotional cues from each other,
thereby creating natural, flowing conversations about Per-
son A’s inner feelings.

The method shows some interesting results: users seemed
more free to use the product in innovative ways, compared
to when a researcher was observing them. The presence of a
researcher generally led to users being "in a hurry" and not
exploring the possibilities of the application, possibly due to
not wanting to waste the researchers time. Evaluations with
a researcher present also led to the user following expected
or typical behavior patterns, whereas they were more ex-
plorative and directly looking for unusual usage situations
when it was a friend who acted as the data collector. This
emphasizes the importance of the context in which the prod-
uct is being experienced.

It is proposed [19], that including the users in the interpre-
tation of the data would likely be useful. Combining Expe-
rience Clips with other non-intrusive collection methods is
also suggested by the researchers, as the users could possibly
leave out relevant data, as they freely choose whether or not
to record specific situations.
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This method does not explicitly state a specific classification
method, and allows for the rich data to be interpreted in var-
ious ways based on the data itself or the preferences of the
researchers.

Expressing Experiences and Emotions (3E)

This method is presented in [19] as a solution to problems
with categorization of emotions by providing a structured
and instructed language for expressing emotions through
drawing and writing. The 3E method is usually combined
with an experience diary: every time the user interacts with
the product, they are asked to describe their experience by
answering questions about the usage situation and the dom-
inance (or other emotional dimensions) of the system, and
fill out a drawing-template containing a stick-figure with a
speech- and thought-bobble. In contrast to methods such
as SAM and EmoCards, the user is not given the interpre-
tive task of understanding and choosing the image best de-
scribing their emotional state. Instead they are allowed to
express themselves freely, leaving the interpretation to the
researchers. This interpretation-process is difficult, and no
final method of gaining quantitative results have been pro-
posed. The method is therefore primarily considered a quali-
tative method, requiring special knowledge and a lot of time
for analysis.

Mobile Feedback Application

This method is specifically developed to solve problems with
collecting data about emotions in mobile situations with dy-
namic interaction. It is implemented as a application on a
mobile phones that gathers feedback from the user about
his or her emotional state. In contrast to some of the other
questionnaire-type methods discussed in this section, this
method is a direct attempt to capture data about emotions as
they are experienced, instead of relying on the memory of the
subject afterwards. This is done as, according to [7], emo-
tions are fleeting moments, and can be hard for the subject
to recall later on. Based on this understanding of emotions,
it therefore seems best to collect data about emotions as they
are experienced during interaction with the product:

(...) collecting information about emotions during use
becomes crucial not only for minimizing the time lapse
between experienced emotion and data collection, but
also for capturing fleeting emotions which are followed
by new emotional experiences during interaction.

[19]

This will not only give more reliable data about the emo-
tional state of the subject, but will also directly link the ex-
perienced emotion to a specific behavior or event happening
in regards to the product being tested:

Also, as our focus is on dynamic interaction rather than
static appearance, we need to be able to link the fleeting
emotions with the knowledge about the status of the
application and interaction sequences at the moment
of the evaluation as well as the information about the
other context variables.

[19]
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The Mobile Feedback Application is installed on the device
along with the mobile application being tested. Questions
intended to give insights about the users emotional state
is then presented based on time or application events, or
can even be initiated by the user. Questions are answered
through emoticons, akin to the use of pictograms in SAM
and Emocards. Letting the user type in a longer explanation
was proposed, but not implemented as the small keyboard
on smartphones (at least at the time of this study) would not
be suited for free-text entry. Voice recording was dropped
due to concerns over privacy. The authors suggest, that by
asking the user for input close to when emotionally rele-
vant events happen, they will find it easier to choose a single
emoticon to represent their emotional state.

The user is limited to a specific set of possible responses akin
to discrete emotions, but depending on the questions asked -
especially the possibility of asking follow-up questions based
on earlier responses - could allow for the use of a dimen-
sional model.

Psychophysiological Measurements

As is evident from [6], most HCI researchers have cho-
sen to use various self-report methods including the afore-
mentioned ones. A few studies however, have utilized psy-
chophysiological measurements, where the emotional state
of users is assessed through measurements on the body. This
approach is highly dependent on the materialistic approach
to the mind and body. The mobilization and synchronization
of five organismic subsystems are mentioned in the Compo-
nential Theory of Emotion as being the emotion itself, and
measuring changes in one or more of these systems is there-
fore likely to reveal the emotional state of the user. The Au-
tonomous Nervous System (ANS) is the system most of these
methods attempt to capture information from, as this sys-
tem affects multiple parts of the body - from heart and res-
piration rate, pupil dilation and constriction of blood vessels
to the amount of sweat excreted on the skin [8]. One HCI
study [23] attempted to use psychophysiological measures
for assessing entertainment, engagement and fun in enter-
tainment technologies, with the argument that

Current subjective methods of evaluating entertain-
ment technology aren’t sufficiently robust.

[23]

The study captures Autonomous Nervous System (ANS) ac-
tivity, with the intention of evaluating whether these physi-
ological measures correspond with subjective reports from
the users. Based on this information, the study aims to
provide a method for objective evaluation of entertainment
technologies. The following 6 measures of the ANS were
collected:

e Galvanic Skin Response e Respiration Amplitude

(GSR)
e Heart Rate (HR) o Electromyography (EMG)

e Electrocardiography
(EKG) e Respiration Rate

The physiological data found both GSR and EMG scores to be
significantly higher when playing against a friend compared
to playing against a computer, and scoring a goal against a
friend had a much larger impact on the GSR measurement.
This difference once again underlines the importance of the
context in which stimuli is being experienced. A significant
correlation was found between GSR and subjective ratings of
fun. No significant differences was found in HR, Respiration
Amplitude or Respiration Rate, and no significant correla-
tions were found between HR and subjective measures. The
paper concludes that physiological measures correspond to
subjective reported experiences, and may therefore act as ob-
jective indicators in evaluations.

VARIABLES OF EMOTION

Through the literature reviewed in this article, a range of in-
dependent variables all playing a role in the development of
emotional responses have been identified. This section de-
scribes each of these variables, what role they play, and how
existing methods attempt to account for them. Alternative
methods and ideas are proposed when applicable.

The Event

Discrete Emotion Theory and Componential Theory of Emo-
tion both agree on emotions being tied to events. When an
event is registered, the user evaluates whether it is of major
concern and, if so, matches the experienced event to an in-
nate prototypical response. This ultimately leads to an emo-
tional reaction carried out through an activation and syn-
chronization of the five organismic subsystems.

SAM, EmoCards, AttrakDiff and PrEmo are usually deployed
before and/or after interaction with a system. This means
that information regarding events happening during the in-
teraction are not registered. Using these tests before the in-
teraction likely captures the emotional response to the event
of visually perceiving the system for the first time. A test de-
ployed after the interaction likely reflects either an average
of the experienced emotions, the last experienced emotion,
or a combination of the last and strongest emotion ()as pro-
posed by the Peak/End rule [15]). Expressing Experiences and
Emotions (3E) is intended to be used over multiple interac-
tions, but still only captures data after the interaction is over.
Mobile Feedback Application is directly targeted at capturing
data about emotions as they are experienced. When set up to
ask the user for input after specific events happen in the ap-
plication, it is assumed that the users current emotional state
is a result of this event. This is problematic, as not all events
lead to an emotional reaction - only those deemed to be of
major concern by the cognitive process of the individual. If
one of the events assumed to create an emotional reaction
does in fact not do so in an individual, the emotional data
recorded will not be related to that event, but something hap-
pening prior to it. Another concern is that asking the user
for input is in itself a disruptive event that may cause an
emotional reaction in the user. Experience Clip relies on the
users to identify relevant events and capture these, a long
with commentary from the user experiencing it, on video.
This method thus successfully captures rich data about the
event leading to an emotional response.



Collecting data about the Event is relevant, not only because
it an important variable when trying to determine the emo-
tional state of a user, but because HCI researchers are gen-
erally interested in identifying the parts of a system that are
triggering emotions. Parts that trigger unintended negative
emotions can then be removed, and positive triggers can be
maintained or further developed. Experience Clip manages to
capture Event-data, but does not directly suggest how this
data may be used to determine the emotional state of the
user. It seems likely that a subjective evaluation by one or
more researchers, based on their natural ability to empathize
with the subject, can lead to a useful assessment.

The Context

Context is described as a major component of how events
are evaluated in the Componential Theory of Emotion. The
Schachter-Singer, and in particular the experiment on which
it is based [28], further supports this by showing how a sin-
gle contextual alteration makes the emotional response to an
event vary between neutral, strongly positive and strongly
negative.

SAM, EmoCards, AttrakDiff, PrEmo and Mobile Feedback Ap-
plication do not in themselves capture any data about the
context. The researcher may unconsciously factor in the
known contextual factors while handling the data.

Expressing Experiences and Emotions (3E) may contain some
contextual data, based on how the user chooses to express
their emotional state in their writings and drawing. Experi-
ence Clip captures some contextual data due to the rich na-
ture of video clips. There is no suggestion as to how the con-
textual information should be used when assessing emotion
in either method though.

Context has a strong influence on how events are perceived
and evaluated. This means that not only should contex-
tual information be recorded when possible, researchers also
need to beware of how their test setup affects the context.
Emotions identified in a lab-environment may not translate
to how users experience the same stimuli in a natural con-
text for example. It is important to understand how broad
"Context" is - it covers not only the physical environment,
but also events happening prior to the currently experienced
one as well as Affective States. Contextual information will
not reveal the emotional state of the user by itself, but it is an
important factor that needs to be included in the evaluation.

Other Affective States

The Componential Theory of Emotion proposed a range
of Affective States other than Emotion, such as Attitudes,
Moods and Affect Dispositions, strongly influence the prob-
abilities of various emotions being experienced. It would
make sense to collect data about a users Affective States
when trying to determine emotion, not only because it is
an important part of the context in which an event is be-
ing responded to, but also because it may help determine re-
searchers determine which emotion is most probable when
a research method proposes more than one.

None of the existing methods described in this paper factor
other Affective States in to the evaluation of emotion. This
may not be necessary in self-report methods such as SAM
and Emocards, as the affective state is naturally accounted
for in the users own evaluation of their emotional state. It
would still be a useful measure though, as it may explain
fluctuations in how different people react to the same stim-
uli. Methods that rely on the researchers to interpret the
data - which is the case with Experience Clip and Expressing
Experiences and Emotions (3E) - may however lead to wrong
conclusion if data regarding the various Affective States of
the user is accounted for.

It may be possible to identify a users’ various Affective States
through methods currently used in Psychiatry. Depression
(an Affect Disposition) can for example be identified by a
qualified researcher through methods such as the commonly
used Hamilton Depression Rating Scale [17]. Another op-
tion would be to give the user a questionnaire such as the
widely used Beck Depression Inventory (BDI) [9]. Due to
the vast amount of possibilities within each of the various
Affective States, it is not realistic to account for all of them.
Depending on the requirements of the experiment, it may
be useful to apply some of them. They would primarily be
useful as a screening criteria for participants though, since
even if the information was recorded it is not clear exactly
how to factor it in to the analysis of emotion. One theoreti-
cal route would be for a researcher to temporarily adopt a set
of Affective States matching the ones of the user - possibly
through strong empathy or techniques akin to Method Act-
ing [4], and then assess the other data (Event, Context) from
this altered perspective. A more sensible approach would be
to include the user in the interpretation as proposed in [19].

The Prototypical Responses

Discrete Emotion Theory and The Componential Theory of
Emotion both treat emotions as innate responses, shaped
through evolution, that have been shown to best handle sit-
uations that are of major concern to the organism. When
an event happens, the user subconsciously compares the
event to the innate prototypes, and then activates the clos-
est matching Prototypical Response. An understanding of
these prototypes would make it possible to evaluate which
prototype best matches a given event, and then assess what
the likely response would be. Unfortunately, we do not have
such detailed understanding of the prototypes, the Proto-
typical Responses nor the cognitive process performing the
comparison. This ultimately leaves us with two options of
assessing the emotional outome: (1) our innate ability to feel
empathy, and (2) the users report it themselves.

All the self-report methods, by their very definition, rely on
(2). Experience Clip and Expressing Experiences and Emotions
(3E) generally rely on (1). If users are included in the inter-
pretation of the data it would arguably be a combination of
(1) and (2), as the user would have to think back and remem-
ber how they felt at the time.

The best way to account for this variable seems to be inclu-
sion of the user in the interpretation of the collected data.



The Five Organismic Subsystems

When the aforementioned process of matching an experi-
enced event with a Prototypical Response is done, the re-
sponse itself is carried out through an activation and syn-
chronization of the Five Organismic Subsystems described
in The Componential Theory of Emotion. If this process
was fully reversible we would be able to determine the ex-
perienced emotion based on the activation of these systems
alone. Unfortunately this is not the case, as proved in the
Schachter-Singer experiment [28]: two very distinct emo-
tions can carry the same bodily expression. Some emotions
do seem to have unique bodily profiles though, and can
therefore be classified through psychophysiological mea-
surement alone [21] [26]. Another possible use of psy-
chophysiological measures is to detect how strong an emo-
tional response is, and when an emotional response happens.
By knowing when the emotional response manifested itself,
it is easier to identify the event that triggered it.

Maslow’s Hierarchy of Needs

Maslow’s Hierarchy of Needs provides an interesting answer
to the question of what "major concern of the organism" actu-
ally entails. It indicates that the current state of met and un-
met needs in the user, has a strong influence on which events
will yield an emotional response. This means that not only
will different people respond differently to the same stimuli,
the same person may in fact do so over time as the state of
current needs changes. Understanding the test-subjects cur-
rent position on the Hierarchy of Needs is therefore another
variable that should preferably be collected and used in the
process of determining user emotion.

None of the methods reviewed in this paper attempt to
directly identify the placement in Maslow’s Hierarchy of
Needs of the subjects. They may instead rely on carefully
selecting a representative set of test-subjects from the set of
end-users, as this would likely diminish the effects of vari-
ances in met and unmet needs.

CONCLUSION

Emotion is a complex concept, with many different mean-
ings and interpretations. This article argues that a material-
istic approach to the connection between mind and body is
best suited for HCI, and that this leads to the possibility of -
at least theoretically - objectively measuring emotion. With
basis in the materialistic understanding, a review of litera-
ture has revealed a range of independent factors in emotion
relevant to HCI research:

e Events e Prototypical Responses

o Context e Organismic Subsystems

e Maslow’s Hierarchy of

e Other Affective States Needs

Due to the complex nature of these factors, a true objective
measurement of emotion is seen as unrealistic at the current
moment. A method has been proposed that uses the psy-

chophysiological measurement of GSR to identify emotional
responses, and then involves the user himself in the process

of identifying the triggering Event and describing the expe-
rienced emotion.
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INTRODUCTION

Various methods have been proposed to identify usability
problems in interactive systems. These Usability Evaluation
Methods (UEMs) generally fall into two categories: Empiri-
cal UEMs, that identify rate usability problems through the
inclusion of users (user testing), and Analytical UEMs that
rely on guidelines and expert knowledge (e.g. Heuristic In-
spections) [10]. A core difference in the results provided by

each type of method is described in [10]:

¢¢ Analytic UEMs examine intrinsic features and attempt
to make predictions concerning payoff performance.
Empirical UEMs typically attempt to measure payoff
performance directly (e.g., speed, number of errors,
learning time, etc.).

[10]

Analytical UEMs thus generally provide a very clear identi-
fication of where the various usability problems are located
in a system. This makes it relatively easy to implement
changes. The identification of these problems rely purely
on expert knowledge and/or pre-defined heuristics though,
and no quantifiable data on how the identified problems
influence payoff performance is provided. Usability prob-
lems identified through an Analytical UEM may therefore
not manifest in actual use, or only have negligible negative
effects on performance, making a possibly costly fix unwar-
ranted. Empirical UEMs, on the other hand, directly provide
the end-effect on payoff performance. They too seem to de-
pend on expert judgment to identify the problems affecting

this performance:
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None of the studies we reviewed report systematic ways
of relating payoff problems to intrinsic features; all ap-
parently rely on some form of expert judgment.

[10]

Identification of usability problems is thus an educated
"guess" from one or more experts in both cases. Research
on the performance of expert usability evaluators has shown
that there is a remarkable difference in which, and how
many, problems are found across evaluators. This is known
as the Evaluator Effect [15] [14]. Adding more evaluators to
a test tends to lead to more identified problems, but there
is no guarantee these are actual usability problems. Even
in empirical tests, the features of the program identified as
problematic by the expert may not be what actually affected
the user’s performance in the test.

Hybrids of Analytical and Emperical methods already exist:

Other usability inspection methods are hybrids be
tween intrinsic and payoff in that the analysis done dur-
ing usability inspection is task driven; the expert’s anal-
ysis is based on exploring task performance and en-
countering usability problems in much the same way
users would, adding a payoff dimension to the intrin-
sic analysis. In this situation, a usability inspector asks
questions about designs in the context of tasks to pre-
dict problems users would have.

[11]

This approach shares the same point of critique though: it is
still heavily dependent on the experts ability to estimate the
problematic intrinsic features.

This paper sets out to develop a method that is able to di-
rectly measure payoff performance, while at the same time
providing a well-founded indication of the underlying intrin-
sic features that cause negative effects to it. Well-founded
meaning, that it should not depend on the expert’s judgment
and estimates only.

METHOD DEVELOPMENT

This section describes the development of the UEM. The first
part describes a set of criteria the UEM should comply to.
Next, an understanding of usability problems is adopted, and
a way of identifying them determined. The necessary tools
for the test will then be described, and a full method is pro-
posed.

b/
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UEM Criteria

Before developing a UEM, it is important to understand what
such method entails. This method will be based on the fol-
lowing general understanding of UEMs:

UEMs are used to evaluate the interaction of the hu-
man with the computer for the purpose of identifying
aspects of this interaction that can be improved to in-
crease usability.

[10]

The method must therefore be able identify problematic as-
pects of an interaction between a human and a computer. The
definition of "problematic aspects" and how they should be
expressed also needs to be understood:

The essential common characteristic of UEMs (...) is that
every UEM, when applied to an interaction design, pro-
duces a list of potential usability problems as its out-
put. Some UEMs have additional functionality, such as
the ability to help write usability problem reports, to
classify usability problems by type, to map problems
to causative features in the design, or to offer redesign
suggestions. We believe these are all important and de-
serve attention in addition to the basic performance-
based studies.

[11]

The UEM should thus at very least be able to output a list
of usability problems. As described in the introduction, the
vision of this new method is to combine the general strengths
of Emperical and Analytical methods. Using the terminology
of [10], this means that the method should be able to output
a measure of "payoff performance"”, as well as the "intrinsic
features” that have negatively influence this measure. This
seems compatible with "classify usability problems by type"
and "map problems to causative features in the design" in
the above quote. In conclusion, this UEM should provide the
following output:

e Output:
— List of Usability Problems
— Classification of Usability Problems
— Causative Features in the Design

The output itself should also comply to a range of criteria.
Three measures of examining an evaluation method have
been identified in [4]. Two more measures, focusing on more
practical aspects of usability, have since been proposed by
[11]. In combination this provides the following 5 criteria
for the output of the UEM:

e Thoroughness: The resulting output should be complete.
As many of the usability problems present in the system

should be identified.

e Validity: The list of usability problems should contain
only actual usability problems. Problems that would be
experienced by actual users in real life usage.

e Reliability: Results should be consistent. Two different
people using the UEM should identify the same problems.
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e Downstream Utility: The identification of usability
problems is not practical by itself. The output should be of
assistance in the subsequent process of finding solutions.

e Cost Effectiveness: Usability practitioners are usually
constrained both economically and by schedule. The UEM
should therefore deliver useful results without incurring
too high a cost.

The Reliability criteria fits greatly into the intended goal of
minimizing reliance on expert estimations. These criteria
form the basis for creating and later evaluating the UEM.

Identification of Usability Problems

In order to identify usability problems without relying on an
experts ability to do so, another source has to be found. As
Analytical UEMs rely solely on expert judgment, an empiri-
cal approach is needed. The two ends of the interaction both
act as possibles sources of information about it:

e The User: The person interacting with the system, per-
ceiving the outcome and experiencing a reaction to it.

o The System: The system receiving input from the hu-
man, and acting accordingly based on a set of predefined
rules.

Information could be gathered from The System through log-
ging. This allows for (possibly automatic) measures on per-
formance measures such as speed and learning time. The
reasons for any identified changes in these measures would
only be possible to estimate from within the system though,
making this source no more reliable than expert judgments.
The user on the other hand experiences and reacts to the
whole interaction with the system, and would therefore reg-
ister when problems arise. The identification of problematic
aspects may not be a conscious process though, therefore re-
quiring special inquiry.

This leads to the next problem of identifying usability prob-
lems: understanding their characteristics. The following
identifiers of usability problems are presented in [25]:

e Slowed Down: The user slowed down relative to normal
work speed. This may range from a few seconds delay to
being fully hindered in solving the task.

e Understanding: The user does an action without being
able to explain why, has trouble grasping the way the sys-
tem functions or does not understand how the system can
be used for solving the task at hand.

e Frustration: The user believes he has damaged some-
thing, or is clearly annoyed by some aspect of the system.

e Test Monitor: The person ("Test Monitor") observing the
usability test while present in the same room as the user
has to interfere. This ranges from the test monitor ask-
ing leading questions or giving hints, to fully assisting the
user in solving a task.

"Slowed Down" and "Test Monitor" are relatively simple
to objectively measure and quantify. Problems related to
"Understanding" are usually exposed through the talk-aloud
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technique employed in most Empirical UMEs. No objective
method of determining "Frustration" is presented in [25]: it
seems to a subjective evaluation by the the expert, likely
based on intuitive interpretations of body language and ver-
bal expressions from the think-aloud technique. This is un-
fortunate, as "Frustration" seems likely to be the most preva-
lent of these identifiers across all usability problems. Assum-
ing the user is interested in optimal pay-off performance,
any problems that interfere with this interest would arguably
cause some form of frustration. Another interesting prop-
erty of this identifier is that it is related to emotions: Accord-
ing to the Componential Theory of Emotion [23] emotional
responses are always tied to a stimulus event. By identifying
which event caused the emotional response of frustration,
we may thus gain insight into the underlying intrinsic fea-
ture in the system, that caused the problem - the very aspect
Empirical UEMs seem to be missing.

This method will attempt to identify the timing of usability
problems by measuring the onset of emotional responses. An
understanding of what emotions were experienced at these
points in time, and their effect on overall User Experience,
would further act as an interesting measure of payoff per-
formance.

Measuring Emotion
The definition of emotion presented in the Componential
Theory of Emotion states that [23]:

[Emotion is, sic] an episode of interrelated, synchro-
nized changes in the states of all or most of the five or-
ganismic subsystems in response to the evaluation of an
external or internal stimulus event as relevant to major
concerns of the organism.

[23]

With "Frustration” being an indicator of at least a subset of
usability problems [25], it seems plausible that identifica-
tion of emotional responses would assist in the identification
of usability problems. In a practice, this may be archived
through psychophysiological measurement of the activity in
the Autonomic Nervous System (ANS). The ANS is a con-
stituent of the organismic subsystem referred to as "Support"
in the Componential Theory, and is described as being in-
volved in the bodily expression of emotion. The ANS mobi-
lizes the system towards either excitation ("fight-or-flight")
or relaxation ("rest-and-digest"), both affecting large parts of
the body [1]. This makes it a possible objective indicator of
the onset of emotions, and thus the timing of experienced us-
ability problems. Galvanic Skin Response (GSR) is one such
measure of ANS activity, that is widely used and has already
been demonstrated to relate to measures of usability [24]
[16]. Furthermore, GSR sensors have been successfully inte-
grated into other things, making them ideal for continuous
unobtrusive measurement. Examples of unobtrusive GSR de-
signs include a wristband [20], a computer mouse [28] and a
sock [13].

If the psychophysiological measure is able to identify the
onset of an emotional response, this information could be
used to extract data about the stimulus event causing the

b/

emotional reaction. In the case of usability problems, this
event would arguably be the problematic intrinsic feature of
the system. The emotional response is a complex process
though, influenced by a wide range of independent variables,
some of which vary between individuals [23]. The only rea-
sonable way of analyzing the event data therefore seems to
be, to let the user deduce what caused the response. As emo-
tions are fleeting moments, it can be a very difficult task for
a subject to recall them later on [5]. This method theorizes
that this problem can be countered by providing the user
with as much information regarding the event as possible. A
recording of the event (Screencast) as well as the users facial
expressions (Webcam) leading up to the emotional response
may be enough to let the user positively identify what they
felt and why. Changes in skin resistance take between 0.8-4
seconds to manifest [21], meaning the stimulus event caus-
ing the spike in GSR can be expected to be contained within
the ~5 seconds of video leading up to the identified peak.

As emotions can be difficult to express verbally, the user
is expected to benefit from one or more standardized self-
report tools. These would also allow for easier quantification
of the experienced emotions, thereby opening up for com-
parison of data across multiple users. Such tools are already
used within the field of HCI, with the most commonly used
being SAM and Emocards [3].

e Emocards: Emocards [8] has eight male and eight female
cartoon faces ("pictograms"), representing eight distinct
emotion categories. The user chooses the Emocard they
find to best represent the emotion in question. The 16
cards and the dimensions they represent can be seen in
Figure 1.

e SAM: SAM [7] is based on the PAD Model (Pleasure,
Arousal, Dominance) [18] of emotion. These dimensions
are presented as three graphical scales made up of cartoon
characters ("manikins"). The user selects the manikin in
each dimension that best represents the emotion in ques-
tion. See Figure 2.

In summary, this method will attempt to measure the on-
set of emotion through the psychophysiological measure of
GSR. This information is then used to extract the relevant
parts of the screencast and webcam recordings. The user
is then presented to the video material, and asked to de-
scribe what event caused the emotional response. Lastly,
the user utilizes Emocards and SAM to report the emotion
experienced at the time. Description and Emotional data is
recorded by the researcher for later analysis.

Implications of Emotions

By using measures of emotion as an indicator of usability
problems, a couple of new factors have to be accounted for
in the method. First of all, the Componential Theory of Emo-
tion states that emotions are only elicited when an event is
"of major concern of the organism" [23]. Maslow’s Hierarchy
of Needs [17] suggest that what is regarded as "major con-
cern" depends on a users currently met and unmet needs. A
person having not yet met his or her needs on the Physiolog-
ical level (e.g. food) will not elicit an emotional response to
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Figure 1. The eight emotional categories of Emocards along with
their respective pairs of pictograms.
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Figure 2. Example of a 9-point SAM scale. First row represents Plea-
sure, the second Arousal and the third Dominance.

events influencing only needs on a significantly higher place
in the hierarchy for example. Only users to which the sys-
tem somehow ties in to their needs, can be expected to show
frustration when usability problems are encountered. For-
tunately, this would be the case in most situations: people
don’t tend to interact with a system without some intent or
purpose. It does create an important requirement for testing
though: only by shaping the experimental task in a way, that
is relevant to the currently met and desired needs of the test
subjects, can emotional responses be expected to manifest
themselves. Also, steps should be taken to ensure that test-
participants are at roughly the same level in Maslow’s Hier-
archy of Needs. If a system has many different users, with
large variations in hierarchal placement, these should be di-
vided into hierarchically similar groups and used for sepa-
rate evaluations. Each group of users may react differently
to events happening in the system, thereby experiencing a
distinct set of usability problems. Understanding the cur-
rently met and unmet needs of users, and the relationship
these needs have with the use of the system, might assist
the researcher in interpreting the descriptions of problem-
atic events provided by the users.

The Componential Theory of Emotion also puts a lot of em-
phasis on context. The theory describes context as a very
important factor in how events are interpreted, and which -
if any - emotion is elicited as a response. An oft-cited exper-
iment [22] gives a practical example of the influence of con-
text: Subjects were injected with epinephrine (adrenaline)
and later asked to describe their emotional state. The ex-
periment showed that the same physical sensation (from the

epinephrine) could be experienced as neutral, anger or eu-
phoria entirely depending on the context. The context in
which an interactive system is tested, therefore seems likely
to influence how users react to it emotionally. As the method
aims to identify actual usability problems, it seems relevant
to make the context of the test as close to the real context of
use as possible. This is difficult as it not only entails hiding
cameras and other foreign objects from plain sight, but be-
cause it would likely be ethically indefensible to make such
tests without first informing the subjects. As it is currently
unknown how severely the context influences the type and
amount of usability problems found, it might not be neces-
sary to go to such extremes. Attempting to keep the con-
text as close to real-life use as possible also means, that this
method can not benefit from the think-aloud technique or
having a usability "facilitator" in the same room as the user.

Interpretation of Qualitative Data

The first criteria set up for the UEM is an ability to output a
list of usability problems. This is not a trivial task. The list
of user-described problems suffers from the same problem
experienced when comparing notes between two experts:
the same problem may be described in substantially differ-
ent ways [11]. It is possible that this problem could be mit-
igated by adopting a framework for describing and compar-
ing usability problems (such as the User Action Framework
[12]), and adapting it to function as a way of asking the user
clarifying questions. As for now, letting the same researcher
who de-briefed the user interpret the problem descriptions
is hoped to suffice.

The researcher examines each noted emotional response,
and uses the user’s description of the event and it’s impact
to determine whether it qualifies as a usability problem. The
list of notes describing usability problems is then examined
by itself, grouping together descriptions that are assessed to
refer to the same intrinsic feature of the system. Each group
is then collapsed into a descriptive usability problem. This
completes the criteria of outputting a "List of Usability Prob-
lems".

It seems plausible that the usability problems could be classi-
fied according to the average emotional impact they have on
users. The classification system described in [25] only pro-
vides qualitative descriptions of the frustration associated
with a "Serious” problem though:

Does not understand how a specific functionality oper-
ates or is activated.

Cannot explain the functioning of the system.

[25]

No descriptions are provided for Cosmetic or Critical prob-
lems. This complicates the translation of collected emo-
tional measures into severity categories. Even sorting the list
from "most frustrating” to "least frustrating” would require
an as-of-yet unknown way of determining the relationship
between reported scores in SAM and/or Emocards and the
ill-defined term "frustration".



This leaves expert judgment the only viable option. By hav-
ing the expert include the qualitative descriptions of each
problems in their considerations, the estimated classifica-
tion will hopefully reflect the actual severity of the prob-
lems quite precisely. It is possible that the self-rated emo-
tions would also be of assistance in the process.

Summarized Method
This section condenses the considerations from the previous
sections into a short and action-oriented method.

The method relies on user testing, and is thus an Emperi-
cal UEM. The participants ("users") should preferably share
roughly the same place in Maslow’s Hierarchy of Needs.
Guidelines regarding number of participants and selection
criteria may readily be adopted from existing UEMs relying
on user testing, at least until studies reveal any major differ-
ences in efficiency.

The test environment and other contextual factors should
be as close to real-use circumstances as possible. The user
is equipped with an unobtrusive GSR sensor, and placed in
front of a computer. A discrete webcam (possibly integrated
in the computer screen) is recording the users face, while a
screencast software is quietly recording the contents of the
screen. An initial GSR recording is made while the user is
relaxed, creating a baseline-reading. The user is then asked
to interact with the system in a natural way, for example by
solving a realistic open-ended task using the system. The
full interaction happens when the user is alone - no facilita-
tors are present in the room. When the interaction is over,
the user retrieves the facilitator. The GSR data is analyzed,
and the timing of all peaks extracted. The screen- and face-
recordings leading up to each peak is then shown to the
user one peak at a time. For each peak, the user is asked
to describe what happens using their own words, and iden-
tify what they perceive as the event causing the registered
emotional response. They are also asked to assess the emo-
tional state they experienced at the time, and report it using
SAM and Emocards. The facilitator records descriptions and
emotion-ratings on paper.

After all users have participated in the test, the researcher
examines the complete list of user-described emotional re-
actions. All descriptions deemed to describe problematic as-
pects of the interaction are extracted into a separate list. The
researcher then examines this new list, and groups together
descriptions that seem to describe the same problem. Each
group is then collapsed into a single descriptive usability
problem.

EXPERIMENTAL DESIGN

The developed UEM is based on a wide range of theoretical
assumptions. It’s validity and usefulness should therefore
be tested through an experiment. This section describes the

design of an experiment intended to assess the effectiveness
of the UEM.

Selecting Test Participants
The method requires the test participants to be placed at
roughly the same place in Maslow’s Hierarchy of Needs, and

further suggests that an understanding of the met and de-
sired needs of the participants will aid in the design of the ex-
periment. As this experiment is intended to test the method,
rather than any specific system, a tactical choice of partici-
pants can be made. The researcher is currently a Masters stu-
dent, meaning that he arguably holds a personal insight into
the met and desired needs of a university student. The social
circle of the researcher also consists primarily of university
students, paving the way for a more generalized understand-
ing of this group. It is assumed that "University Students at
Aalborg University" can be considered within a fairly narrow
space of Maslow’s Hierarchy of Needs, and that this will be
sufficient to determine the effectiveness of the method. As
explained in the next session, the task itself will be designed
to relate to needs the researcher finds plausibly universal for
this otherwise broad group.

Drafting a Realistic Task

The method states that the task needs to be realistic and rel-
evant to the users’ needs. It also emphasizes the importance
of keeping the context in which the task is solved as real-
istic as possible. This experiment attempts to comply with
these requirements by mimicking a type of task familiar to
all students in general: an exam. Students can generally be
considered to have reached a place in Maslow’s Hierarchy of
Needs where "achievement" [17] is a currently desired need.
It seems safe to assume - based on the motivations and edu-
cational background needed to become a university student -
that they have a learned association between exams and the
need of achievement. This experiment attempts to exploit
this by mimicking the design and experience of an exam.
This gives the added benefit of solving the contextual prob-
lems noted in the method: An exam puts the student under
pressure, they are expected to perform well and they know
they will be evaluated. These contextual factors are arguably
compatible with the contextual factors introduced by the use
of the UEM. In a normal case of User Testing, the facilitator
would let the user know that it is the system, and not their
personal ability to use it, that is being evaluated. In this ex-
periment, the opposite is true: the user is given a task and
told that they will be graded on how good they are at solv-
ing it. They are thus under pressure to perform, just like
they would be in a natural exam-situation. The camera and
GSR sensor only further establishes the awareness of them
being evaluated. The contextual factors of the test are thus
adopted to strengthen the realism of the context, as opposed
to weakening it as would normally be the case. The physical
environment in which the test is performed should also fol-
low the narrative of the user being at an "exam": a university
classroom seems ideal.

The task should thus be designed to look like an examina-
tion assignment. To allow the user to interact in a natural
and fluid way with the system, the task is held open-ended:
instead of a long list of "do this, then that", the task is pre-
sented as an open problem without guidelines on how the
software can be used to solve it. The following scenario was
developed for the experiment:



"The user is at an examination. Their assignment is to
use a specific piece of software on the computer ("Poster-
Maker Pro") to create an exact copy of a poster depicted
on their assignment paper. They have 10 minutes to com-
plete the assignment, after which the program will auto-
matically grade it, resulting in the user either passing or
failing. The user can hand in their poster before the time
limit by pressing a "Hand in" button placed directly in the
software. This too will lead to the software automatically
evaluating their work."

Informing the user that their performance will be evaluated,
and in particular that they risk "failing”, is intended to make
them more keen to react emotionally towards problems they
experience during the interaction. The inclusion of a "Hand
in" button not only allows the user to finish before any arti-
ficial time limit, but is also intended as a constant reminder
of the examination-context.

Seededing Usability Problems

The developed UEM is intended to identify usability prob-
lems present in an interactive system. In order to test
whether it is successful in doing so, the output of the method
can be compared to a Standard Usability Problem Set (SUPS)
[11]. The amount of usability problems from the standard
set that can be identified by the UEM is indicative of its ef-
fectiveness.

Multiple ways of producing an SUPS are presented in [11].
There are three general approaches: (1) to introduce a set
of known usability problems ("seeding"), (2) to use an estab-
lished UEM to determine the usability problems present in
an existing system, or (3) to use a combined from multiple
UEMs applied to the same existing system. As the method
being tested is in a very early stage of it’s development, it
seems ideal to use the least costly of these methods: Seed-
ing.

"PosterMaker Pro” was developed specifically for the ex-
periment. The software is made as simple and purpose-
specific as possible, to minimize the amount of naturally oc-
curring usability problems. Organic usability problems may
interfere with the seeded ones, making it hard to determine
whether the method failed by not identifying them. Two
versions of the software were made: the orginal version, in-
tended to have High Usability (HU), and the seeded version,
intended to have relatively Lower Usability (LU).

The following 5 usability problems were conceived by the
researcher and implemented into the LU version:

e Non-Standard Font Style: The software allows for sim-
ple text styling (Bold, Italic and Underlined text). The stan-
dard buttons well-known from products like Microsoft
Word were replaced with Checkboxes. Predicted to be
Cosmetic.

e No Preview Font-Selector: The software comes with a
long range of different fonts. The LU version simply states
the name of the font without a preview of how it looks.
Predicted to be a Serious problem.

e Missing Font: One of the fonts ("MS Comic Sans") that
was needed to solve the given task, was removed from the
font list. This makes it impossible to properly solve the
task. Predicted to be Critical.

e Colors in Combobox: Instead of a visual color-picker,
a simple combobox containing nothing but the name of
each color was used. Predicted to be Serious.

o Error Message on Image Insert: An incomprehensible
error message was set to be shown after the user inserts
an image. The error is technical sounding gibberish, and
asks the user to press "Yes", "No" or "Cancel". All buttons
do the same thing: close the error, and let the user carry
on. Predicted to be Serious.

The predictions are estimations made by the researcher.
They are based on the severity scale of "Cosmetic, Seri-
ous and Critical" from [25]. Introducing problems of varied
severity may indicate how sensitive the method is. The ac-
tual impact of these problems may be more or less severe in
real use than predicted. Problems with a high intended im-
pact are simply assumed more likely to show up in actual
use, than problems with a predicted low severity.

EXPERIMENT
This section describes the actualization of the experiment.

Test Subjects: 20 university students ranging from 19-28
in age (mean 22.85) participated. The students were divided
into two groups: LU and HU ("Low Usability" and "High Us-
ability" respectively), with 8 males and 2 females in each
group. All subjects were kept unaware of the actual premise
of the test until after the interaction.

Software: "PosterMaker Pro", specifically developed for the
experiment. The HU group was given the original version of
the software, while the LU group received a version seeded
with 5 usability problems.

Task: The subject was given a piece of paper entitled and
described as being an examination assignment. The task was
to use the "PosterMaker Pro" software to create an exact copy
of a poster pictured on the paper. The user was informed that
there was a 10 minute time limit to solve the task, and that
the system would then automatically rate them. They would
be rated as either Passed or Failed. The user could click a
"Hand in" button at any time, if they felt the task had been
solved before time was up. The result (Passed/Failed) was
pre-determined by the researcher: half the people in each
group (HU/LU) were set to fail, while the other half were set
to pass.

Measurements: The screen was recorded using Camta-
sia Studio [27]. The users face was recorded with a web-
cam, which was also handled by Camtasia. The GSR of the
user was recorded using a commercially available product:
"Mindplace Thoughtstream USB Personal Biofeedback” [19].
The GSR sensor was placed in the palm of the users non-
primary hand. A baseline for the GSR was measured by
showing a blank screen for the first 4 minutes, while playing
a relaxing piece of music. The song "Weightless" by Marconi



Union was chosen, due to existing studies indicating it’s use-
fulness in relaxing human subjects [2] [6].

Environment: The experiment was conducted in a univer-
sity classroom. The user was placed in front of a laptop with
an external mouse, and given the paper describing their task.
The task was also described verbally by the researcher. Af-
ter the user had confirmed that they understood the task at
hand, the researcher started the software and left the room.
The first 4 minutes the software showed a blank screen while
playing relaxing music, and then automatically opened the
PosterMaker Pro window. This window was shown on top of
ablack background, and nothing but the software was visible
or accessible during the interaction. The student was alone
in the room for the full duration of the interaction. The users
were aware that they were being recorded in various ways,
but were not told the purpose of this until after the inter-
action had ended. The purpose of the GSR sensor placed in
their hand was not explained until after the interaction ei-
ther.

End of Interaction: All recordings were automatically
stopped 30 seconds after the user had been shown their fi-
nal result (Passed/Failed). The user was then instructed to
retrieve the researcher.

Post-Interaction: The user was asked to choose the Emo-
card best describing their emotional state immediately after
the interaction. They were then asked to report the same
emotion using the three dimensions on the SAM scale. Both
choices were noted by the researcher.

Identification of Usability Problems: The video of the
users face was superimposed over the lower right corner of
the screencast. The GSR data was visualized as a graph and
superimposed over the timeline of the video player. This al-
lowed for the researcher to visually identify peaks in the GSR
data, and fast-forward to about 5 seconds before these points.
The user was then shown this part of the video (screencast
as well as their own facial expressions), and asked to freely
describe their own thoughts as to what they may have re-
acted to, and how. If the user was able to deduce a reaction,
the peak was noted along with their description of the event.
They were also asked to state the emotional state at the time
using both Emocards and SAM.

Compilation of Usability Problem Set: The complete list
of qualitative descriptions of experienced emotions were re-
viewed by the researcher, and all related problems grouped
together.

RESULTS

Both the experiment and the developed UEM is based on a
range of theoretical assumptions that need to be verified be-
fore any conclusions can be drawn. The data recorded from
the test is used to indicate whether the assumptions can be
considered correct or not.

GSR as Indicator of Emotion

The UEM depends on the GSR measurement being able to
indicate at what time the user experiences an emotional re-
sponse. If true, peaks in the GSR should be indicative of emo-

tional responses in the user. It was found that users could
recognize and describe an emotional reaction at 57.75% of the
registered peaks. Furthermore, there was a statistically sig-
nificant correlation between GSR (relative to baseline) and
self-reported Arousal in both Emocards (p < 0.005) and SAM
(p < 0.005).

In conclusion, GSR seems to be a useful indicator of emotion.
Users also show a high ability to successfully recognize and
describe their experiences.

Consistency Across Measures

Some of the measurement-techniques applied in the exper-
iment claim to provide data about the same dimension of
emotion. It is interesting to see whether there is any correla-
tion between the values provided by each tool, as disagree-
ments could indicate: (1) Dimensions being different despite
similar labels, (2) Failure of one or more tools in measuring
the intended dimension and/or (3) Experimental errors.

SAM, Emocards and GSR are all claimed to measure Arousal.
A positive correlation was found between GSR and self-
reported Arousal on SAM (p < 0.005). A similar correlation
was found between GSR and Emocard Arousal scores (p <
0.005). This of course implies a correlation between the two
self-report methods too, which was confirmed with a signif-
icance of (p < 0.006).

Both SAM and Emocards claim to measure Pleasure, which
the experiment seems to have confirmed through a strong
positive correlation between the two measures (p < 0.001).

In conclusion, the measurement techniques all seem to suc-
cessfully measure aspects of the actual emotional state of the
user.

Successful Seeding

The 5 seeded usability problems in the LU-version of the soft-
ware were conceived by the researcher, and had no empirical
proof of being actual usability problems. As no other UME
was applied to the software beforehand it is also likely to
contain organic usability problems that may interfere with
the seeded ones. Before any conclusions can be made on the
effectiveness of the developed UME, it must first be investi-
gated whether the seeding actually caused any more usabil-
ity problems to be experienced.

If the seeding was successful, users given the LU-version
should on average experience more usability problems than
the HU-group. This was confirmed: a t-test indicates a sig-
nificant (p < 0.001) difference in the amount of usability
problems experienced between the two groups, with the LU-
group experiencing the most problems (See Figure 3). Also,
the ratio of identified problems to total registered emotional
responses were found to be higher in the LU group compared
to the HU group (p < 0.001) as depicted in Figure 4.

Identification of Seeded Problems
The UME successfully identified 4 out of the 5 seeded usabil-
ity problems:

o Identified Usability Problems (Seeded):



6| 5.8 s
5 - .
g
o 4+ B
g
<<
g 3| .
Q
=
2 - .
1.2
1h ﬂ .
I
Problems

loaulloLu

Figure 3. The compared mean amount of identified problems in the
HU- and LU-version of the software.
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Figure 4. Comparison of the ratio between usability problems and
total registrations in the HU- and LU-version of the software.

— No Preview Font-Selector

- Missing Font

— Colors in Combobox

— Error Message on Image Insert

e Missed Usability Problems (Seeded):
— Non-Standard Font Style

The missed problem was predicted to be Cosmetic during the
seeding. All users were able to style the text using the non-
standard controls and seemed to do so without hesitation. It
seems likely that this was the seeding failing as opposed to
the UME: the predicted severeness was simply wrong. It was
not an actual usability problem.

Another possible point of critique in the seeded problems
actually led to an interesting discovery. The two first-
mentioned problems (No Preview Font-Selector and Missing
Font) are very similar. The users frustration is in both cases
connected to the issue of not being able to identify the cor-
rect font. Whether this is due to lack of preview, or be-
cause the font has been removed, is irrelevant. In theory,
this would make the two problems indistinguishable. This
was also the case for most of the user-provided descriptions
- but a few of them actually addressed the perceived problem
as directly one or the other. This goes to show how valuable
qualitative descriptions provided by the users can be.

Identification of Organic Problems

A range of organic, un-intended usability problems were also
identified by the UEM:

e Identified Usability Problems (Organic):

Selector is misunderstood as text-input
— No preview of color selection
— Can’t manually enter Color (LU), Font or Size

Text can’t be moved while in edit-mode

Desc. text dissapears

Exceptions if Desc. is empty

Sudden jumping/moving of Title

— No rulers for placement

Overlapping invisible border on text

The problems are sorted by the number of users experiencing
them, the first in the list being the most common. No users
reported any problems outside of the 4 seeded and 9 identi-
fied, but were not systematically asked to do so either. The
high success-rate in identifying seeded problems, along with
the fact that 9 new and unintended problems were found
using the method, seems to suggest that it is a function-
ing UEM. An emperical study comparing its effectiveness to
other UEMs seems warranted.
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Usability Problems and Frustration

The relationship between usability problems and emotional
responses is based on "Frustration" being described as an in-
dicator of usability problems in [25]. The UEM has already
demonstrated an ability to identify usability problems by uti-
lizing emotional measurement, but it would be interesting to
investigate whether the reported emotions are actually re-
lated to frustration. The term "Frustration” is only loosely
described in [25], but the Oxford Dictionary of English pro-
vides the following two definitions:

1. the feeling of being upset or annoyed as a result of
being unable to change or achieve something.

2. the prevention of the progress, success, or fulfil-
ment of something.

[26]

These definitions seem compatible with the general under-
standing of usability problems. They also allow us to assume
that frustration is likely characterized by a low Pleasure-
rating. Arousal and Dominance seem to have a less direct re-
lationship to frustration: "upset” and "annoyed" would seem
to describe opposing ends on both scales. This leaves the de-
viation from a neutral rating in these dimensions, as a possi-
ble indicator of frustration. The mean deviation of Arousal-
ratings for identified usability problems was found to be
1.829 (SD = 1.0594), and the mean deviation of Control 1.400
(SD = 1.0594). Whether these deviations can be considered
significant enough to characterize frustration is hard to tell,
as no hard data has been found that distinguishes "frustra-
tion" from other emotions based on these dimensions.

Should the stated assumptions on the characteristics of frus-
tration be true, it may show a difference between registered
emotions that have been classified as usability problems (reg-
Prob) and emotions that were not recognized as such (re-
gOther). The emotional responses in regProb were found
to have a statistically significant (p < 0.001) lower Pleasure-
rating (Mean = 3.38) compared to regOther (Mean = 5.35).
Mean ratings of Arousal and Control were both higher in
the regProb list, and were also found to be significantly dif-
ferent (p < 0.001). These differences have been illustrated in
Figure 5.

Emocards already place high arousal on both ends of the
scale, needing no modification to suit the inferred under-
standing of frustration. A statistical significant difference
was found between the Emocard-ratings in the two lists (p <
0.001). The regProb list was generally rated lower (Mean =
-1.38) than regOther (Mean = 0.11). This difference is illus-
trated in Figure 6.

These findings suggest that there is indeed a relationship be-
tween frustration and usability problems. A better model of
how frustration is expressed through SAM and/or Emocards
may even allow for an automatic filtration or sorting of data
collected through this method. This would be beneficial, as
emotions unrelated to usability problems may not be of in-
terest in pure usability studies.
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Figure 5. Mean ratings of Pleasure, Arousal and Control in regProb
(usability problems) and regOther (other registered emotions).

* Arousal and Control are represented as their deviation from the neutral value of 4.5.
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Figure 6. Mean ratings of Emocards in regProb (usability problems)
and regOther (other registered emotions).



Usefulness of Post-Interaction Testing

The self-report tools used in this experiment, SAM and Emo-
cards, are usually only deployed before and/or after the in-
teraction with a system [3]. Deployment before the test
indicates how first sight affects the user emotionally, but
what does a post-interaction report indicate? Researchers
may intuitively assume that it represents the overall experi-
ence of the system, and that a positive emotional score post-
interaction suggests that the system overall rates high on
User Experience. One argument against this is the Peak/End
rule:

According to the Peak/End rule [9] an experience is judged
by the strongest (Peak) and last (End) part of it. Should this
hold true to this case, one would expect to find a correlation
between the emotional state reported at Peak/End points and
the reported state after the interaction had ended. Self-report
ratings from the Peak (determined by GSR) and End (last re-
ported emotion) experiences were compared to the ratings
provided by the user post-interaction ("After") with the fol-
lowing results:

e Peak: No significant correlations were found between
Peak end After in any of the measures.

e End: A significant correlation between End and After was
found with Emocards (p < 0.009). Scores on the Pleasure-
dimension of SAM was also found to correlate positively
between the two (p < 0.024). The remaining dimensions
did not show any significant correlations.

To test whether the post-interaction test is a good indica-
tion of the overall User Experience of a system, another
correlation-test was performed. This time the mean value
("Average") of the dimensions were compared to After:

e Average: A significant correlation was found between the
Average and After report of Arousal through SAM (p <
0.015). Emocards also showed a significant correlation (p
< 0.026).

The data gathered through this experiment fails to support
the validity of the Peak/End rule in interactive systems. The
data instead points towards post-interaction deployment of
SAM revealing something akin to the average arousal of the
user. This would need to be verified through a new experi-
ment. As Emocards showed a significant correlation in both
End- and Average-scores, it is not clear which of these, if any,
a post-interaction deployment of the tool is an indication of.

CONCLUSION

A UEM has been successfully developed and tested. The
UEM uses a psychophysiological measure to identify the on-
set of emotion, and uses this information to extract relevant
parts of a screen-recording and a video of the users face.
These clips are then shown to the user post-interaction, as
they are asked to describe the cause of experience in their
own words and rate their emotional state at the time using
self-report tools. The list of qualitative data has been shown
to successfully produce a list of usability problems through
expert review.
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The UEM showed promising results. It successfully identi-
fied 4 out of 5 seeded usability problems, with the missed
one suspected of not constituting an actual problem. The
UME also identified 9 unintended problems in the system,
further supporting its ability to find and describe problem-
atic features of the system. The UEM complies as follows to
the stated criteria of a UEM:

e Thoroughness: Based on the seeded problems alone, the
UEM seems to comply with the criteria of Thoroughness.
A study comparing the UEM to existing methods would
be needed to verify this.

e Validity: The use of user-provided qualitative data seems
to ensure a high Validity of the detected problems. The
method still relies on expert judgment in some areas, but
possible alternatives have been suggested.

e Reliability: The Reliability of the UEM has not been
tested. It would be interesting to see whether the in-
clusion of user-provided qualitative data can mitigate the
Evaluator-Effect.

e Downstream Utility: This UEM seems to offer a high
Downstream Utility. The user-provided qualitative data
provides descriptions of the problematic feature from mul-
tiple angles. Users were found to generally express their
expectations when they were not met, as well as offer pos-
sible solutions to the experienced problems.

e Cost Effectiveness: This UEM uses specialized equip-
ment (GSR), which incurs extra cost and acts as a bottle-
neck for the number of tests that can be run simultane-
ously. The method is faster than traditional video analysis
though, and the test itself could even be performed by an
employee without expert knowledge in usability due to its
reliance on technology and users to identify problems.

The UEM itself seems feasible, and the usefulness of user
identified usability problems warrants further exploration.
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