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ABSTRACT

Industrial corporations have discovered the economic benefit of integrating
affective evaluation methods into theiser centred design procekkwever

the practicalityof suchmethods within usability studies is not evidenhis
research project analysed eleven different methioaishave the potential to
meet industrial requements Thetwo methods that were found satisfy these
requirements - Geneva Emotion Wheelnd the Self Assessment Manikin
werefurther evaluateih a case studyrhey were compare the Concurrent
Think Aloud, which is the standardusability testing method.Results show

that affective ealuation methods add value to common usability studibe
standard application of the Concurrent Think Aloud cannot provide insights
into participantOsmotional responseas efficiently as the Geneva Emotion
Wheel The Concurrent Think Aloud requirestensivetime and effort to
transcribe and analyse the user feedback, whereas the structured analysis of
user ratings in the Geneva Emotion Wheel is much more straightforward.
Between the Geneva Emotion Wheel and the Self Assessment Manilds |
apparentthat participantssubjectively preferthe GenevaEmotion Wheel
because it suppliedistinct emotional termdvlicrosoft developed a toolkit of
new affective evaluatiormethods in 2002 that aimed to address emotional
responses in usability studiBenedek,J. & Miner, T., 2002)However, this
dissertationalso suggests that the modification and improvement of existing
methodscould qualify them for emotion assessment in respect to software
based products in a usability laboratory setting.
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GLOSSARY

AEM = Affective Evaluation Method
GEW = Geneva Emotion Wheel
CTA = Concurrent Think Aloud
SAM = Self Assessment Manikin
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1 INTRODUCTION

In past yearsresearchin Human Computer Interactionsas deviated from
exclusively considering theusability of products. Academic and commercial
articles discuss the differencbetweenthe usability and user experience af
product, and how it is crucial to consider bot#iementswhen evaluating a
system Burmester, M., Hassenzahl, M. Koller, F., 2002 Hornbaek, K., 2006
Sharp, H., Rogers, Y., Preece, J., 20@Cbmpared to the quantitative nature of
usability investigationsTullis, T. & Albert, W., 2008 Nielsen, J. & Landauer,
T.K., 1993 user experience examinée emotional aspe&of humarinteracton
with a system{Norman, D.A., 200b

Affective states such as pleasure, satisfaction, pfidstration, angeor anxiety
account for large parts of the overall perception of a system and cafotthere
have an impact on the perced/usability (Norman, 2005).

Industrialcorporationshave also discovered the economic benefitsxamining
holistic user experiencand increasinglyaim to go beyond usabilityesearch
Their intention is to integrate the assessment of emotions inbilitysatudies.
Oneprofound issue emergdsowever from this intention: what are appropriate
methods for the assessment of emotiosiring product evaluation inan
industrial context?

The main assumption is that people generally have difficulty regortin
experienced emotionsThis work aims to providean overview of adequate
affective evaluation methods (AEMhat have the potential to encourage and
record emotional experience in a laboratory based user. dtudgrementally
exploresthe diversity ofAEMs against the background of emotion science.

The following chapterprovides the background information about emotion
terminology and theoriesecessaryto understand the authorOs definitions of
emotions. It als@resents eleven exemplary AEMs rangingnirselfreports to
physiological measures and analyses them in terms of their strength and
weaknessesAdditionally previous attemptdy other researchern® compare
AEMs andthe influence of this research on the propassgarchgjuestions are
discussed

In chapterthreethe eleven methodsre comparethased upon associated criteria
that were predefined in the literature (see APPENDIX Mgxt, a set of
industrial requirements isreated that deteimes how well the eleven methods
can be integrated withimdustrial usability studies.

Subsequentlytwo AEMs whose criteria meet the majority of industrial
requirementsare further investigated ichapter five In the correspondingtudy

the practical application oftwo AEMs in the context of a simulated ud#bi

study is investigatedMore precisely te Geneva Emotion Wheel atite Self

Assessmant Manikin were evaluated irelation to a modified version of the
Concurrent Think Aloudthe standardsability testing method.



The incremental analysis of methodsnducted in this dissertatiopermits
researchers the industryto gain insights into the subject of emotion assessment
at different levels. Furthermoreatlows them to makenformed decisions about
the integration of methods differentcontexts.
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2 LITERATURE REVIEW

This dissertation analyses affective evaluation methods (AEM)eaacthines
their compatibility with industrial requirements the context of usability
studies AEMs assess the emotional experiente person with specific stimuli

or evens. This chapterwill clarify the autho® position related to the
terminology in emotion scienc¥ ariousaspects of emotiotheoryare analysed
that are relevanin the contextof this dissertationbut alsoin the contextof
industrialusability studés It will also provide an insight into essential literature
that illustrates the analysis of different AEMs and how this dissertation
distinguishes itself from previous research.

2.1 Emotions

2.1.1 Terminology

In psychology and human computer interaction liten&@emotional experience is
often described using different terminolag¥erms used includ®emotionsO
affect€) OmoodOor feelings Plutchik, R., 2003Fox, E., 2008Watson, D. &
Tellegen, A., 198p All terms account forvarious aspect®f an emotioal
experience but theris somedisagreement orthe definition ofeachterm To
clarify terminology used in the following work, the perspective of other
researchers will be outkul beforehe autho® positionis described.

Affect,Emotionand Mood

The erms of affect and emotioare the most ambiguous terms in the field of
emotion sciencePlutchik (2003 carried out a review of how these terms were
used in the clinical literature and came to the conclusion tthareOis an
extensive overlap and no cledistinctions can be made at this timé0Orgasand
Smith (2003) also suppottiis point of viewand stateOThe very definition still
remains problematlcCI:aIvoand D Mello(2010) view Oemotion researchO and
Oaffective scienceO as equivaliitls, whch suggesthat there is also an
agreementbetweenthe computing literatureand the previoust mentioned
researchers. Oatley, Keltner and Jenk2G06) claim that affect was a synonym
for emotions in older psychological literature, but is now used asrdmella
term for @nything to do with emotions, moods, dispositions, and preferencesO.
Scherer (2005) also adofidstley et al.«point of view

Taking into accounthe different approaches in literatutes work applies and
interprets the term Oemotdras sudden reactiof@eftley, T., L. Johnston, und
K. von Baggo. 2005Fox, 2008) that can alter rapidly and differ in their intensity
(Scherer, K. R. 2005 This interpretation was chosemecause this work
investigates the interaction of novice useithva mobile phone application and
sudden reactiorare to be expectedherefore the term OemotionO will be applied
in the following chapters. Aheory, whichis alsosupporteddy the authorrefers
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to emotions as superordinategrams that can overriggesenfprogramsn the
brain An example would be to sleep and to wailgammediatelybecause of an
occurring even{Cosmides, L. & Tooby, J., 20DQAffect on the other handiill
be used as an umbrella tefor anything to do with emotionsas proposedyb
Oatleyet al.(2006)

Mood is also an elementof affective experiences but giscriminatve from
emotionsin various ways In psychology and affective computing literature
moods are defined as longer lasting global states of affect that are influenced by
the perception of internal or external processes over @imen@n, A., 2002 In

contrast to emotions moodsra considered to be objectless and to maintain
certain singular states, rendering themre resistant to changes (Oatlgtyal,

2006; Plutchik,2003. This definition is discussed here because it is important to
consider the potential impact of peopleOs general moods on their emotional states
when analysing the data AEMSs.

2.1.2 Personal Traits

For this work it is ao important to acknowledgeersoral traits which
distinguish one person from anoth@fox, 2008. Some personal traits are
genetically basedwhereasothersgrow from childhood to adulthood and are
based on individual experience or culture (Oadewl, 2006). They can hardly

be influeced. It implies that even if researchers in the industry recruit
participants from the same target user group, personal traits can still affect the
comparability of data obtained from an AEM.

One commonly acceptetheory (Oatleyet al, 2006; Fox, 2008) escribes five
major traits ofpersonality:

1. Neuroticismthetendency to experience negative emotions easily
(e.g. anxiety or hostility)

2. Extravertisionthetendency to experience positive emotions easily
(e.g. warmth, gregariousness)

3. Opennesghe predsposition towardsinusual ideas, high degree of
curiosity
(e.g. fantasy, aesthetics)

4. Agreeablenesshetendency tde compassionate atristing of others

(e.g. trust, straightforwardness)

5. Consdentiousness: planned ratherthgpontaneous behaviour
(e.g. seHdiscipline, achievement striving)

The most interestinglimension to thigheory is the fact that Oextraverts are
generally undearoused and seek excitement from social interactions whereas
introverts have enough inner arousal so they prgfigetnessO (Oatlest al,
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2006). This is important to consider whapplying anAEM that examines
physiologicalarousal levels as inditans of emotional experience.

2.1.3 The Role of Bnotions

Since mosAEMSs assess a personOs emotional expedémacgimulus or event,
another aspect worth consideriigythe role of emotions inonnetion to stimuli

or social contextClore (1994)describes the primary function of emotions as a
provider of information taneself orother peopleThese can be represented by
physiological, verbal or behavioural expressi@agjda, N.H., 199

Behavioural expressionf®r instancesuch as a smile drown help others to
evaluate the inner experience of a person and react accordingly (Clore,l111994).
a person suddenlynsles & a response to a stimulos event, another person
usually interpretghe experienceas positive. However, humans are capable of
misleading others by expressing a visible signal that is contrasting the inner
experienceEkman, P, 1999 In order to be pdte, anger and frustration may be
hidden behind a smilé he aforementioned findingonnectswith the statement
that emotional state such as curiosity or intereatso serve as a mode of
communication and social bondingdlls, E.T., 2002 On the other &and fear or
anxiety facilitatesreceding behaviour and potentialan escapefrom danger
(Clore, 1994).

Levenson (1994 provides a general description of the role of emotions:
OEmotions serve to establish our position”vigs our environment, pullingsu
toward certain people, objects, actions, and ideas, and pushing us away from
others.OThis statement illustrates why the topic of emotion assessment is
important for productlevelopmenbrganisationsMany consumer products are
designed in order to attthusers (Norman, 2005).

2.1.4 Challenges of Emotion Assessment

This focuseson challenging aspectsef emotion assessmentlated to the
applicationof AEMs in laboratory settingsvhich is a common case in usability
studies.

There are two main challenges thegearchers have to face. One challenge is the
ambiguous terminology of emotions and tleultingrange of possible theories
on how to assess, communicate and interpret tRecard, R. W, und S. B Dalily.
2005 Fox, 2008)seesection2.1.1).

The seconahallenge is the circumstarsd@ which a study takes placeanging
from environmental factors to thpersonal traits othe participants andhe
conductorto the course of events (Picard, 2005; Plicl#003). All of these
factors #fect the emotionalexperience. Further details are discussed in the
following sections.
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Environmental Factors

A laboratory setting is obviously an artificially created surrounding that cannot
represent the participantOs natural environment. If the facilities e pbject

of examination, the evaluation of emotions and collection of data may be
influenced by the artificiabrganisation of the experimefPicard, R. W, E.
Vyzas, und J. Healey. 20P1Technical problems with testaterial can also
cause irritation and undiable reactions from participantiNdrgaard, M.,
HornbaekK., 2006.

Theuseof recording tools, such as dictating machines or video cameras may also
affect the participants itheir emotional evaluation of a system. In the context of
verbal selfrepors Nancarrowand Brace(2000) refer to a phenomenon called
OSocial Desirability BiasO, which describes the fact that participants tend to give
feedback which makes them look better in the eyesotliers. Thisis also
applicableto interactios with the comluctor of the study.

Another simple and unchangeable factor that influercg®rsof® emotional
state is the weatheRepending orthe weather conditions participants may enter
a study with biased perceptions (Fox, 2008).

Personal Traits

Personal traitare alsan influencing factor. Fox (2008) states that it is important
to consider peopleOs personalities beca&isesuggests that people have a
number of core aspects of their personality that can influence how a particular
situation might be perceiveahd interpreted and this can influence behaviourO.

Individual psychological characteristics can determine whether a participant has
a disposition for a certain type of emotional response, the test object, or the
researcher as a person. As describesketion 2.1.2 some of the personal traits

are genetically based while others derive from childhood to adulthood and are
based on individual experiencetbe culturein which the participant was raised
(Oatleyet al, 2006), anatan hardly be influenced.

In relation to verbal selfeports and expression measures it is also mentioned
that participantsnmay deliberately deceive the researcher (Plutchik, 2003). This
occurs because it is possible to inhibit the appearance of emotional signals
(Ekman, 1999). Furtherone educationdescriptiveabilities and experience with
technology determine how emotions are expressed anddi@ble a research
study will be.

Course of Events

The point of time at which aAEM is applied in a laboratory studgffects
different outcones. Selireports for examplerely on the participantOs own
perception of an emotional experience. It is therefore crucial to assess this
experience as closely as possible to the moment it occurs. The tbagmriod

of time between the experience aneé thssessmerthe more difficult itbecomes
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for people to recall their emotionsis¢mursu, M., TShti, M., VSinSms, S.und
Kuutti, K., 20073.

Different timing has different advantages. If emotions are assessed after the
entire study, the researcher mayiaeh a more effective overall rating (Tulbs

al.,, 2008). If the assessment is conducted after every task, however, particularly
problematic tasks can be identified more effectiveigard (2001) isn favour of
emotion assessment at different stades studyand recommendsombiningthe
collection of multiple kinds of signals from the participant.

2.2 Frameworks of Emotions

In order for industrial researchers to incorporAteMs into their work, it is
helpful to undestand the underlying frameworksietefore two frameworks are
presented in the following section that describe different processes of how
emotions emerge and what reactions they induce in people.

2.2.1 Appraisal Model

Within the theory ofcognitive appraisal subjective evaluation or interpretation
of a situation, object or event the context of a high level goal is considered the
key mechanism that leads to an emaiaxperiencéFox, 2008 Scherer, 2005).
Edmund T. Rolls describes emotions astat@s elicited by reward and
punishmentQ(2002). They are also basedpon recurrent experiences with
internal or external stimulor eventsthat influence the evaluation process
reference toa personal or inflicted goalCosmides, L. & Tooby, J., 2000
Ekman, 1999).

LazarusO cognitivotivationairelational theory (1991) is commonly quoted in
the context of the appraisal model. Three main stapsociated withthe
evaluation of stimuliin the context ofthe personaboal are mentionedFox,
2008 Plutchik, 2003:

1. How relevant is an event to theepall goal?
2. To what extenis the situation goal congruent?
3. How much personal commitmentéquiredto reach that goal?

The associated response stages elicited are generally classified as physiological
symptoms, motor expressions and behavioactlons (Scherer, 2005). This
framework is also described as tB¢éopdown process(Figure 1). All of the
aforementioned response stagas be evaluated by differeAEMs (see chapter

two). With regards toindustrial requiremets some responsessuch as the
Osubjective feeling stateny be easier to examine in a time restricted and
business driven environmetitan other responsebecausa.e. the analysis of

data may be fastefhe other responsesvetheless should not be ignored.
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Figure 1 Emotions asa result of cognitive appraisal(Fox, 2008)

2.2.2 Body Perception Model

Some emotion research argues that emotions can also result from the perception
of physiological symptoms, lich indicates a reverse sequence of the appraisal
process. Before an event can be cognitively processed the autonomic nervous
system reacts and resiiilh appraisal, expressive behaviour or subjective feeling
state(Figure 2). This is commonly called th@amesLange Theory of Emotions
(James, 1884; Lange, 1885). Fox (2008) also refers to more recent research done
by Antonio Damasio, who identified th@biochemical and hormonal indicators

of the body«s internal state can be dekdiy specific parts of the br&yand

result in emotional responses

In relation to this work this model can also be identified as one of the emotional
process that some AEMSs try to addrddewever, an te validity of responses
provided in a laboratorystudy and interpreted asthe results of a bodily
perceptionbe confirmedNeither a participant nor an observer can identify the
order of stepsin which an emotional response is elicitethis is an open
guestion that cannot be answered in this pieceookw

Figure 2 Emotions as result of perception of bodily changes (Fox, 2008)

Both of the modelsdiscussed aboveesult in expressive behawo that is
interpreted as an emotional experienneluding facial expressions obody
postures Facial and body expressions are important part of the literature in
emotion science. They areommonly targeted byAEMs in the form of
automatedrecognition systems(Calvo et al, 2010 but due to the extensive
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variety of systems, which woul@xceed this workthe author has decided to
include only one exemplary facial expression recognition method in the
following process.

2.3 Structure of Emotions

In order to make sense of the scope of emotional experiences, two structures
were developed tharea commonly applied in the reasoning and examination of
emotions:

2.3.1 Discrete Emotions

The literatureon emotion science often refers to a small set of discrete or basic
emotions, which in mixed or blended variations, create the overall spectrum of
possible #ective states Rlutchik 2003). Based on facial expressions lzard
developed an exemplary list of eight basic emotiangrest, joy, surprise,
distress, disgust, anger, shame and f€e992). However, the appearance of
these emotions individually is ify rare and therefore difficult to asse#sn
emotional experiencausually consists of a complex combination of basic
emotions (Watson, 2000fomeresearchers suggetsten that the list of basic
emotions needs to be extended by further emotions (ScR&@%) or generally
declared unfeasiblé(tony, A., Clore, G.L. & Collins, A., 1990

2.3.2 Dimensions of Emotions

In addition to thestructure of discrete emotions the theory of emotional
dimensions is widespread. Comparedatianguagebased structure theigmnal
dimension approach (Wundt, 1905 quoted by Scherer, 2005) includes the state of
arousal (states of calmness and excitement), the valence of the emotional
experience that is, whether the experience is positive or negative) and the
tension, which islao described as dominana® (he degree to which a situation

is controllable).Physiological states arsommonly represented with ttieree
dimensiongdescribed abovéScherer, 2005).

Currentresearch most commonly limits the dimensitmarousal andalence. A
downsideto thisapproach is the ambiguity of both dimensions (Scherer, 2005),
which prevents anore detailed characterisation of emotions. In order to narrow
the scope ofin emotional experiencRussel®Ocircumplex of affectsBiqure3)
attempts to distribute discrete emotions along the axis of the two dimensions of
valence and arousal. Other researchers have also developed structures of
emotional concepts in whictiscreteemotional terms are organised around a
circle according to their relationg tothe two dimensiongRlutchik 2003).

The author interprets thiapproach as an attempt to addresspthsiological
perception, which is an intuitive bodily response, and the appraisal process,
which addresses the cative perception of an emotioaf the same timé-or the
application of anAEM within an industrial usability study the combination of
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dimensional and distinct emotion structrgould be very beneficial since it
enables the researcher to cover a widecspm of an emotional experiende.
remainshoweverunclear whether the physiological perception can be assessed
with this proposal. It appears that the presence of distinct teooid obstruct

the intuitive response providdyy a strictly dimensional@proach.

Figure 3 Circumplex of affects (Russel, 1980)Discrete emotional terms were organised around
the two dimensions of arousal (top to bottom) and valence (left to right).
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2.4 Presentation of Methods

In the following secton affective evaluation methods (AEM) thatcorporate
different approacheso emotion assessment will h@esented and evaluated
First, the selection of methods from literature will be discusSstondly the
methodswill be categoriseddescribegdandevaluated based on their benefits and
disadvantages.

2.4.1 Choice of Methods

After the review of approximatelffity papers from the Transactions on
Affective Computing Journal, Humabomputer Interaction Journal, Affective
Computing and Intelligent Interactiamonferences, and Psychology publications
such as Journal of Behavioural Therapy and Experimental Psychiagnyty

one papers (Appendix A) in the affective computing literature quaieden
exemplary AEMs, whiclare further investigated in this dissetitan. They were
chosen based on their specific traits that distinguish them from each other and
make them applicabke industrial usability studies.

2.4.2 Verbal Self-Report

Fox (2008) states that verbal sedport is an approach that provides distinct and
clear communicatiofrom humanson ther emotional experience with a product.
In the following paragraphs a few of these methods are discasddtie validity

of FoxOs statemestevaluated further in chapter four

Geneva Emotion Wheel

One of the verbal ef-report methods, which were investigated here, is the
Geneva Emotion WheelGEW; Scherer, 2005Figure 4). The GEW was
developed based on the appraisal component of emotions and provides a set of
discrete emotion labels thateaorganised ira graphical style in circular order.

The circle includes OspikesO which consist of five decreasing oiratds of

which represent thexperiencedntensity of each emotion. If users consider it

too difficult to assess an emotional expetemwith the presented labels, they can
also add their own term or select a field labedddo emotion feltO

The creators intended to go beyond the valence and arousal dimensions (Russel,
1980). They decided to omit the strong physiologically related coeroof
arousal and instead reintegrated the dimension of control (dominance), which is
described in the original threBmensional structure of emotions (valence,
arousal and dominance) created by Wundt in 19059set®on2.3). The reason

for this approach wat® focussolely on the appraisal model of emotions, which
requires the awareness and evaluation of an emadtisnstrongly related to how

much in controbf astimulusor eventa person feels (Scherer, 2005).

The GBW incorporates botlstructures of emotional theorgiscrete emotions
and their classificationwithin a twodimensional space.hE interpretation of
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results carthus be linked to both area#t needs to be acknowledged that the
creator of the tool selectatde emotional terms himselbut the original version

of the GEW (16 terms instead of 20) was validated in the context of the
underlying dimensional space. Participants completed three tasks in which they
rated the similarity of the emotional terms usedhe wheelandthey assigned

64 different adjectives to these terms and rated 80 adjectives in relation to
valence, control and intensit$nziger, T., Tran, V. & Scherer, K.R., 2005

The aim was to verify:

1. The relevance of placg the emotion categes in a twedimensional space
with underlying dimensions of ‘control' and ‘valence'.

2. That the adjectives fit in the postulated categories
3. Thepostulate of increasing intensity for the four adjectives in each category

The results suggested that the orgation of emotional terms matched the
underlying two dimensions of control and valence. The 80 adjectives also fit the
categories. The only problem identified was the proposed adjectives for intensity
rating, which appeared to be difficult to find for earhotional term. The author
assumed that the version presented in this dissertatigaré 4) is a modified
version resulting from the validation process proposed by BSnziger et al. (2005).

Figure 4 Geneva Emotion Wheel (GEW)D a method which is used to assess the strength of
distinct emotions arranged in a circular order from unpleasant to pleasant (left to
right) and high control to low control (top to bottom) (Scherer, 2005)
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Repertory Grid Technique

Another verbal selfeport with a different approach is the Repertory Grid
Technigue (RGT) Kallman, D., Waterworth.and J.,2005. Fallman et al
followed a theory of pesonal constructs. RGT enablegrticipans to createtheir
own terns for the qualigs ofa product. The first step is to assign a quality term
to one product in a group of three similar products and subseqtedigcribe
what separates the other two from the first. In this cordexenpoint rating
scales with opposing tern{terms &ft and right of the matrjxcan be created
based on the ugdrpersonal perceptiofrollowing this procedure the scales are
used to evaluate the products (bottom of the maliggufe 5) individually. The
termscreated by the pacipantsprovide qualitative feedback whereas the scales
deliver quantitative data.

Figure 5 Repertory Grid Technique: a matrix that incorporates opposing terms (left and right)
created by participants that can be rated on a -point rating scale in relation to a
product (bottom) (Fallman, 2005)

Concurrent Think Aloud

One method that derives from the traditional usability research is the Concurrent
Think Aloud Protocol (CTA)(Sharp et al., 2007). Users are asked to express their
thoughts and feelings while interacting with a product. This method is mentioned
here, becausdf affective coding (Taopir, 2008) is applied, within the
corresponding analysis of data, emotional reactions can be discovered.

Benefits and Disadvantages

The main downside of the tools described above is that they relghen
participantOs subjectivity; measuring omlgpraisal driven and cognitively
processe@motions andthey canthusbe influenced by several different factors,
such as theparticipantOs gera mood or environmental aspect®esmet, P.
M.A. 2003. The need to satisfy the observerOs expectatiomsst to be
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considered as well (Nancarrow et al., 2000). The outcomes of the aforementioned
methods predominantly rely on the usersO ability to exjes@motions, which

for some people might be difficult because thegy not beaware of what they

are experiencing (Fox, 2008The timing of the application of the methods
described above can also influence the outcddoeing an interaction a person

may be too occupied and forget to describe the emotional response whereas after
a study it may be difficult to remember tleperience (Isomursu et al. 2007

2.4.3 Self-Report Based on Behavioural Representations

A way to avoid languagbased methods iso use self-reports based on
behavioural representations. Instead of using words to represetions they

are visualised as imagesyme of them in a humanised way so the user can relate
to them Foglia, P., C. A Prete, und M. Zanda. 2p0B~vo accepted toolare the
PrEmo (Desmet, 2003) and the Self Assessment Manikin (Billey, M. M,
Lang, P. J,1994. Both methodspplyvalence and arousal as the two commonly
used dimensions to describe human affective reactions (Russel, 1980).

PrEmo

PrEmo includes aet of distinct emotions that were investigated in an intensive
procedure. Froman initial set of 347 emotional terms which were based on
reported lists of emotions, different rating processes led to the final 14 emotions
(Figure®6). In thefirst step of theelimination process participants had to rate the
347 words in relation to the two dimensions of valence and aroasdl
familiarity. Words that were ambiguous or unfamiliar were omittétie
remaining words were organiseddreight categorieand theparticipants rated
them based um their frequency of use with respeotproduct designkor the

next step, participantsnly rated the similarity of the frequently used emotions
and finally assessed the remaining 41 emotiongheir relevance to product
experience On the basis of their mean scores the final set of 14 words was
selected.

This extensive process of elimination resulted in a digital tool that incorporates
animated cartoon characters, whose faces and body moveraprgsent the

final set of seven pleasant and seven unpleasant emotions. With regards to a
product the user selects one or more of the displayed animations and rates on a
threepoint scale to what extetfte animated picture describes his or her emotion
(Desmet, 2003).
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Figure 6 The PrEmo tool: 14 emotion pictograms can beisedin order to evaluate the emotional
perception of a product (Desmet, 2003) On the right: pleasant emotionsb desire,
pleasant surprise, inspiration, amuserant, admiration, satisfaction and fascinationOn
the left: unpleasant emotionsb indignation, contempt, disgust, unpleasant surprise,
dissatisfaction, disappointment and boredom

Self Assessment Manikin

The Self Assessment ManikiSAM; Figure 7) illustratesthe three dimensions
of pleasantnessgrousal and also dominant@ughan abstract portrayal of a
cartoon charactett is picture orientedand compared to PrEmthe SAMdoes
not enable the evaluation of distinct emotibnsdoesdirectly assesgeneralised
emotbnal states (Bradley et al., ¥99TShti, M VSinSms, S., Vanninen, V.,
20049).

Three rows with five different levels illustrated by pictograms can be used to rate
the emotional experience on an instinctive levéhe three underlying
dimensions (Bradley et al.,, 1994ntend to keep the focus on the bodily
experience rather than on the appraisal process that may lead to verbal
interventions (Suk, 2006). The illustrations of the SAM trappeal tadhe visual
sensgFoglia et al., 2008), avaiag the intermediate step of verbalising what is
experienced and directly limg themto the perception stage (Morris, 1995). The
SAM characters arsupposedo represent the emotional experience. However,
due to the ambiguousgisualisation of emotions there is a common tendency
amongresearchersHodes, R.L., Cook lll, EW. & Lang, P.J., 198adley et

al., 1994; Lang et al., 1997; Suk, 2006) to provide verbal instruitikad to
pictograms before use.

Several versions adhe SAM are available. The images do not change but the
five standard selections can be enhanced with intermediate steps creating a nine
point scale (Hodes et al., 1985; Lang et al., 1997). In this dissertation the five
level version is analysed and usédpaper by Morris (1995) mentiorsome
advantage of the SAM He statesfor examplethat participants in studies take

less than 15 seconds tall fiout the too] which prevents exhausting the
participantduring longer studies
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Figure 7 Self Assessment Manikin (SAM)D used to assess pleasure, arousal and dominance
(Hodes et al., 1985)

Benefits and Disadvantages

The advantage of pictorial sakports is that they try to address emotional
experience before it is cognitively pr@sed and transmitted to the linguistic part

of the brain K5sk, K., Isbister, K., Laaksolahtl., 2009. It can consequently be
arguel that the results are more intuitive. Furthermore, since the methods are not
word based, users do not have to agree ecifsp emotional terms (Grimm,
2005) andthey can be used across different cultures (Desmet, 2003; Bratlley

al, 1994).Theuser may not be able to interpret the images etsiyghandso
mayfind it difficult to relate to them (Isomursu, 200%).this case the animation

of pictograms as in the PrEmo may improve the recognition process (Desmet,
2003).

2.4.4 Sensual SeHReport

The sensual seleport methodKigure 8), developed by Isbister et alslister,
K., K. H88k, J. Laaksolah und M. Sharp2007) integrates the sense of touch
into the evaluation of emotions (HSSk et al., 2006). Based upomlaeeness
that affective processing in the brdiappensn an area not directly accessible to
language a more intuitive way of exps#g) emotions was investigated (Isbister
et al., 2007).

Eight physical shapes were creatddspired by an illustration of emotions

conveyed by an object (The Disney Flour S&agure8). Isbister et al. based the
method on thewedence that shapes are mapped to certain emotional experiences
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(Picard, 1997)Before the actual study the shapes were calibrated using example
images from the IAPS (Lang, 1997) iorder to obtain the participaa@
interpretation of the shapeBuring theinteraction with a systejruserswere
asked tdouch those shapes that thelt &xpressdtheir emotions best.

The findings of tke subsequent studg which a computer game was evaluated
revealed that the shapé®l not present distinct emotions but tfesults suggest
that hie shapes help to narrow down the scope of the emotional experience

Benefits and Disadvantages

The strength of the sensual evaluation instrument is that it does not require any
verbal expressions and it can be used among diffetdtures. The vagueness of

the acquired findinghloweverdoes not support statistically significant results.
The ability of people to map the touch sense with emotions alsybe easier

for some than for other3he overallaim of this toolthenis to suport designers

in ther design process and tnake them aware admotional experiences that

may contradict the creatorOs intention (Isbister et al., 2007).

Figure 8 Shapes used in the sensual sefport method (right) based @ the Disney Flour Sack
Illustration of emotions(left) (Isbister et al., 2007)

2.4.5 Recall SelfReport

Relative Subjective Count
A very different and indirect approadio evaluating emotional reactions to

products is Relative Subjective CourfRSC; Picard etal., 2005). Instead of
asking the participants what they feel or letting them choose predefined pictures,
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they are asked to estimate the length of the elapsed time. A similar approach is to
plan a number of interruptions in the study proceduretamet the participants
estimatethem In both cases the usersO estimationsargparedto the actual

time ornumbersof interruptions

If the estimation is less than the actual number it can be assumed that the product
is engaging and easy to use. If time deliruptions are overestimated the product

is possibly perceived as difficult to use and causes frustration (Picard et al.,
2005).

Cued Recall Brief

The use® ability to recall the actual emotions during an interaction with a
system is addressed with a macelaborate method called Cued Recall Brief
(Bentley, T., Johnston, L., von Baggo, K., 2DBirectly after a study the user is
shown a recorded video from his perspective on the actionsshgidtaarried
out. While the video is playing he is encourdge recall his thoughts including
positive, negative and neutraimotions In order to verify the reliability of the
statements, it is recommendttht biosensorde usedduring the course of the
actual studyWith this combination the thoughts expresbgdhe participant are
compared with the physiological signs of valence and arousal.

Benefits and Disadvantages

The strengtlof the recall seffeports isthat participants are not disrupted during

the interaction with a product. The downside is that ils most seHreports the
participant may verbalise what he expects the conductowant to hear.
Moreover comparing the researck@robservation during a study with the
findings of the recall can be tedious (Bentley et al., 2006¢. ability to recall
personal experiences may also depend on the personal traits of the particular
person.

2.4.6 Physiological Measures

Biosensors

Another mode of assessing emotions is the application of physiological
measuresThroughthe employment of biosensors, electrical sigraae recorded
that can determine the levels of arousal and valence (Calvo et al., 2b1€hH
relate to the dimensional structure of emotioBxamples of physiological
measures are Electromyogram (EM@hich measures muscle activity and the
Electrocadiogram (ECG) which measures heart activity or Galvanic Skin
Response (GSHrigure9).

High levels of arousal can indicate either positive or negative excitement. The

determination of the associated valence however can be Hiffieglia et al.,
2008). The integration of heart rate measure and facial expression recognition
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systems can assist the differentiationbetween positive and negative arousal
(Yannakakis, G.N., Hallam, J., 2008

Benefits and Disadvantages

In general from the participantperspective biosensors are objectiven the

sense thathey do not requir@articipants@terpretation of their own emotional
experienceThe sensors are also unobtrusive measures, since they can be applied
during the interactiorwith technology (Picard et al. 2001; Haag et al., 2004;
Calvo et al., 2010)EEG (electroencephalographyhich scans brain activities)

for instance is commonly applied in an emerging field calledromarketingn

which peoples responses to advertising boanding is analysedLee, N.,
Broderick, A.J., Chamberlain, L., 2007

However, from the researcl@rperspective it can be difficult to map the data
gathered from the biosensors wéhdefinition of an emotion.d®plealsodiffer
physiologically Therebre the comparison of dateothamong participantand
from a singleperson is difficult (Foglia et al., 2008). In order tolentify a
natural baseline recording the initial level of arouys@br to he participantOs
evaluation ofstimuli may eliminatethe aforementionedonfusion(Calvo et al.,
2010).

Room temperature can albe a factoithat canlead to inaccuratessults;which

can makethe interpretation of gathered datareliable, confusingand time
consuming.Just as physiological measures carve to validate subjective self
reported comments, additional verbal measures can improve the process of
analysis (Bentley et al, 2005).

Figure 9 Example of a biosensorGalvanic skin response sensor
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2.4.7 Expression Measure

VideoBased Facial Expression Recognition

Many emotions are expressed throdigbial muscle movementBértlett, M. S,
Littlewort, G., Fasel, |. Movellan, J. R., 2003 The measurement of these
activities canthus provide insights into a personOs affectiveestaffective
detection researgblacesa strong focus on facial expression recognition systems
and the development of smart systems is progressing quickly (Calvo et al., 2010).
Besides physically tracking facial muscle movermmewtith connected sensors,
video-based facial expression recognition provides a swarecord videos of a
personOs face and track the movement of its feakapedr, A., Qi, Y., Picard,

R. W., 2003.

Based on EkmanOs Facial Action Coding System (1993) the method developed
by Kapoa et al. can record predefined action units in the upper face, which
unlike most videebased facial recognition toglllows natural head movements.

It can detect 40 different action units (AU) and more than 7000 combinations of
these. It achieved a reaugon accuracy of 69.29% for each individual action

unit and an accuracy of 62.5% for all possible combinatidricese unitsThe

results aim to go beyond the prototypical facial expressions that describe the six
basic emotions of happiness, sadnesa, fenger, disgust, and surprise (Zeng et

al., 2009).

The interpretation of AU is not ygterformedautomaticallythough and it
requires aesearcher to code the data. In order to validate the interpretatvons
additional researchersieed to be conggld Some systems allowmutomated
interpretations buthe current statef-the-art is not very reliable (Calvo et al.,
2010. Calvo et al. (2010) discuss array of different facial expression analysis
systems. A list of these systems can be found irmppendix of this document
(Appendix B).

Benefits and Disadvantages

As with biosensors the interpretation of data from facial recognition systems is
difficult. The categorisation of prototypic (basic) facial expressions helps to
narrow down the affectivetates to emotion families (Ekman, 1993jut
according to Kapoor et al., the prototypic facial expressions happen rarely and
the majority of movements arsubtle (2003).The additional assessment of
speech or body movements can support the interpretdtiacial expressions in
relation to emotiorleexperiences (Bartlett, 2003jurthermoremost recognition
systems are calibrated based on acted facial expressiombich do not
necessarily account for natural expressi@avo et al., 2010
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2.4.8 Automated Evaluation of Different Measures

AMUSE

A combination of different measures is provided by the AMUSE system
(Chateau et al., 2007). AMUSIEombines camera based tracking of eye
movements, mouse and keyboard interactians, theuserOs interactions with
theinterface, his general physical activitissich as speech and gestures, and any
form of physiological dataThe collected data is saved irRdel spreadsheets and
the recordings can libisplayed togethawn one screeri-{gurel0).

Benefits and Disadvantages

Since the gathered data is only based on the instantaneous reactions of a person,
Chateawuand Mersiol(2007)recommend extending the evaluation process with a
selfreport method at the end of the study in order to obtairnvaralb feedback

of the affective states and distinct emotional ter@m@nsidering the number of
abstract results that AMUSE collects, the manual inééation and analysis of

data takes a long timeThis fact may detr researchersn the industry from
integrating this tool ito their research projects.

Figure 10 Replay screen of data collected with the AMUSE tool (Chateau et al., 2007)
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2.5 Previous Comparative Research
on Affective Evaluation Methods

The interest in AEMdSs growing (Calvo, 2010). Researchers in the field of
psychology and affective computing repeatedly attempt to compare existing
AEMs and analyse their status of development as well as their applicability in
different contexts (Bradley et al., 1994; Desm@003; Hornbaek, 2006;
Isomursu et al., 2007; Zeng et al., 2009; Calvo, 2010).

Some of these analyses provide a foundation for the development of a new
method. In the case of DesmetOs work (2003), exemplary AEMs were presented
in order to discuss the aaltages of nowerbal instruments and verbal
instruments. He aimed to incorporaté¢he advantages of both types of
instruments into a new method called PrEmo. This wockisesthoughon the
development of the new method and only evaluates AEMs in terntiseiof
distinction betwee nonverbal and verbal categoriedt provides little
informationon specific methods.

In some cases the analysis aims to compare a new method with existing methods.
Isomursu et al. (2007) compare five selport AEMs. The existig methods,

which were analysed, are the Self Assessment Manikin by Lang (1997) and the
EmoCards by Desmet (2001). These were compared to threereskd
methods, the 3EExpressing Emotions and Experiencehich asks users to

draw their emotional expence;the Feedack Applicationon amobile phone

which is a mobile phone application integrating emoticons dpatarduring
interaction with the main softwarend the Experience Clim which a friend
instead of researchers records a video of thecpgaant interacting with a piece

of software in order to capture more natural behaviour.

The dfference betweethe work oflsomursu et alandother method evaluatisn

is the special context in which the tools were investigated. The associated
experimem focused on mobileapplications in field settingshérefore special
evaluation criteria such ag users in the study should be real as possibieO
No restriction in mobility and physical context@re considered. It can be
assumed that the work bydmursu is influenced by a certain bias since it
includes sekcreated methodsind the comparison was conducted based on
personal experiencélowever the final resultsvhich simply describéhe pros

and cons of the evaluated methaal® not able to suggeone perfect AEM that
meets the proposed criterihe research provides a useful account of how
difficult the comparison of AEMs is.

The fact that the methods are evaluatéith respect ta software application on
a mobile phone also distinguishes therk by Isomursu et al. from other papers.
Bradley et al. (1994) analysdlde application othe Self Assessment Manikin
andthe Semantic Differenal in the context of pictures, whigkevealed that both
methods are suitable for the application with piesu

! Non-verbal instruments refer to methods that measure physialogisponses as an indicator
for an emotional experience, while verbal instruments describe a person@spostdil
experience. More detailed descriptiodisA&Ms can be found in chapter three
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Zeng et al. (2009) and Calvo (2010) compare methods in various contexts and
under different conditions. Their method comparisons are mainly dealing with
automated affective detection systems, such as audio or visual recognition. The
conditionof the @&sociated evaluation systems were their main concern but not
the stimulusor event.The corresponding results are too extensive ierora be
discussed in this worlNone of these reviewed projectentioned abovéocus

on the context of the user centrédsign process in the industiwp, particular
usability studies.

All of the examined method evaluations (Bradley et al., 1994; Desmet, 2003;
Hornbaek, 2006; Isomursu et al., 2007; Zeng et al., 2009; Calvo, 2010) address
Human Computer Interaction or Affisee Computing researchers in general.
Special restrictioriaced in real world settingsuch as industrial user research is
mostly ignored. If the goal is to make affective evaluation part of the commercial
user centred design process industrial requindsneeed to be considered.

The following work can be distinguished from the previous reviews by its focus
on AEMs in the context of industrial usability studi€his dissertation does not
aim to develop a new method or solely present an array of exisétigpds. The
incremental analytical approach of extractitigerseAEMSs from the literature to

the practical evaluation of two distinct methdaissed on selfeport, discusses

the strength and weaknesses of the methods on different leveleveals new
insights into the characteristics of AEMs in the contexdaffware products

2.6 Summary

The literaturewithin emotion science showed that there is a disagreemnghe
terminology for a phenomenon called emotions. Different constructs and models
such ashe appraisal model or the body perception model were developed in
order to make sense of this phenomenon. Different aspects of emotional
experience were also highlighted and used as underlying construstshts. In

this work the discrete and the dimem&bapproach were examined and suggest
that the results obtained from methods focusing on different approaches are most
likely not comparable.

Due to the nature dhe following studies the challenges of emotion assessment
within laboratory setting werenalysed. It revealed that some factors such as
personal traits or artificial settings influenttee outcome of AEMs as well as the
course of events. This providedelpful consideratiorof the organisation of the
study procedure described in chagiee.

The literature review also revealed that several investigategarding AEMs
have been conducted but there is a lack of analysis with respect usehn
industry The influencing factorérom industrial requirements that could affect
the applicabily of an AEM have not been considered. The employment of
AEMs in combination with procedures and methods of usability studies have
also not been explored.
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3 CASE STUDY ONE:
FILTERING WITH INDUSTRY REQUIREMENTS

The following chapter descrilsethe next step in the incremental analysis of
affective evaluation method&EMS). It introducesindustrial requirementas a
special context in which the employment of AEMs is intend&dstructural
approachwill be appliedin order tocompare andilter the AEMs discussedn
section 2.4

3.1 Research: Identification of Criteria

3.1.1 Procedure

First of all, all the criteria relatedto the eleven AENIdiscussedn section 2.4
were extractedrom the literature Thesewere related to the way a method
evaluates emotian (.e. self report, physiological meamment, expression
measuremeto the material necessary for thealuation of emotions.é. paper,
interactive softwarkg or to variousotheritems(APPENDIX C).

The following two examples describe hawiteria were extractedrom the
literature Isbisteret al.(2007)for instancestatethat onebenefitof the sensual
evaluation toolis its applicability across culturesherefore Ocross cultural
studiesQvas added to the list afiteria (APPENDIX C,page 8). Bradleyet al.
(1994) describghe Self Assessment Manikin as a cheap tool, from which the
criteria OcheapO was generdtetbtal, thelist of extractscontained 58lifferent
criteria.

Next, criteria were organised tim different high-level categories. fie categories
were structured according to a scheduleaafsability studies in a ladvatory
setting(Dumas et al., 1999This means thapotential questionsoncering the
application of AEMsto the schedule of a usability stuelyere supposed to be
answeed bytheitemsin the list of 58 criteria.

The list startswith the preparation o study; whichquestiors featuredsuch as
(How does the method evaluate emotRd(Eigure11) then consideraspecs of

the AEMs that become levant during the task flowfor exampleOAt what time
during the study is the method appli€dhd post test activitiedor example
(How is the analysis of data conduct€dPhe 58 criteria were assigned to the
final list of 14 highlevel categoriesThe first 13 categories and the subordinate
criteria were givenindividual attention to the last categoryhich included
mostly negative criterial he presentation of the entire list of categories and the
subordinatecriteriawould be toctime consumingto discussat this point of the

2 Geneva Emotion Wheel, Repertory Grid Technig@encurrentThink Aloud with Affective
Coding, Self Assessment Manikin, PrEmo, Relative Subjective Count, Cued Recall Debrief,
Sensual Evaluation Instrument, GSR, Bh&ecognition with Video, AMUSE
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dissertationA complete list can be found in theethod matrixn APPENDIX C.
The 14 high level categories are illustrated here:

How does the method evaluate emotions?

What material is needed for the evaluation?

How are the emains evaluated?

What products can be evaluated?

What special requirements does it serve?

At what time during the study is the method applied?

How long is the evaluation process?

What is the form of collected data?

© © N o ok~ 0w NP

What are the costs?

10.Can the method be mduid to fit certain circumstances?

11.How is the analysis of data conducted?

12.In what form are emotions described in the results and how are they
interpreted?

13. Has the validity and reliability been tested?

14.What are important considerations and possible congund

In the third stepa two dimensional matriYAPPENDIX C) was created that
included thel4 highlevel categories and the 58 subordimaiteriaon they-axis
and theelevenAEMSs discussed in chapter threethe xaxis.

Subsequently th@1 sources ofiterature (APPENDIX A) on all of the eleven
AEMs on the xaxis were analysed in relation to the 58 eria. If a method met

a criterion the corresponding cell in the matrix was marked with an OXO. The
criterion CBelf Reportdor example obtained an OX@ the Geneva Emotion
Wheel and the Self Assessment Manikiat not for Facial Recognition with
Video, which belongs t®Expression Measureme(fg