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ABSTRACT 

Industrial corporations have discovered the economic benefit of integrating 
affective evaluation methods into their user centred design process. However 
the practicality of such methods within usability studies is not evident. This 
research project analysed eleven different methods that have the potential to 
meet industrial requirements. The two methods that were found to satisfy these 
requirements  - Geneva Emotion Wheel and the Self Assessment Manikin - 
were further evaluated in a case study. They were compared to the Concurrent 
Think Aloud, which is the standard usability testing method.  Results show 
that affective evaluation methods add value to common usability studies. The 
standard application of the Concurrent Think Aloud cannot provide insights 
into participantÕs emotional responses as efficiently as the Geneva Emotion 
Wheel. The Concurrent Think Aloud requires extensive time 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 Manikin it was 
apparent that participants subjectively prefer the Geneva Emotion Wheel 
because it supplies distinct emotional terms. Microsoft developed a toolkit of 
new affective evaluation methods in 2002 that aimed to address emotional 
responses in usability studies (Benedek, J. & Miner, T., 2002). However, this 
dissertation also suggests that the modification and improvement of existing 
methods could qualify them for emotion assessment in respect to software-
based products in a usability laboratory setting.  
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1 INTRODUCTION  

In past years, research in Human Computer Interactions has deviated from 
exclusively considering the usability of products. Academic and commercial 
articles discuss the difference between the usability and user experience of a 
product, and how it is crucial to consider both elements when evaluating a 
system (Burmester, M., Hassenzahl, M. & Koller, F., 2002; Hornbaek, K., 2006; 
Sharp, H., Rogers, Y., Preece, J., 2007). Compared to the quantitative nature of 
usability investigations (Tullis, T. & Albert, W., 2008; Nielsen, J. & Landauer, 
T.K., 1993) user experience examines the emotional aspects of human interaction 
with a system (Norman, D.A., 2005).  

Affective states such as pleasure, satisfaction, pride, frustration, anger or anxiety 
account for large parts of the overall perception of a system and can therefore 
have an impact on the perceived usability (Norman, 2005).  

Industrial corporations have also discovered the economic benefits of examining 
holistic user experience and increasingly aim to go beyond usability research. 
Their intention is to integrate the assessment of emotions into usability studies. 
One profound issue emerges, however, from this intention: what are appropriate 
methods for the assessment of emotions during product evaluation in an 
industrial context?  

The main assumption is that people generally have difficulty reporting 
experienced emotions. This work aims to provide an overview of adequate 
affective evaluation methods (AEM) that have the potential to encourage and 
record emotional experience in a laboratory based user study. It incrementally 
explores the diversity of AEMs against the background of emotion science.  

The following chapter provides the background information about emotion 
terminology and theories necessary to understand the authorÕs definitions of 
emotions. It also presents eleven exemplary AEMs ranging from self-reports to 
physiological measures and analyses them in terms of their strength and 
weaknesses. Additionally previous attempts by other researchers to compare 
AEMs and the influence of this research on the proposed research questions are 
discussed.  

In chapter three the eleven methods are compared based upon associated criteria 
that were predefined in the literature (see APPENDIX A). Next, a set of 
industrial requirements is created that determines how well the eleven methods 
can be integrated within industrial usability studies.  

Subsequently two AEMs whose criteria meet the majority of industrial 
requirements are further investigated in chapter five. In the corresponding study 
the practical application of two AEMs in the context of a simulated usability 
study is investigated. More precisely the Geneva Emotion Wheel and the Self 
Assessment Manikin were evaluated in relation to a modified version of the 
Concurrent Think Aloud Ð the standard usability testing method.  
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The incremental analysis of methods conducted in this dissertation permits 
researchers in the industry to gain insights into the subject of emotion assessment 
at different levels. Furthermore it allows them to make informed decisions about 
the integration of methods in different contexts.  
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2 LITERATURE REVIEW  

This dissertation analyses affective evaluation methods (AEM) and examines 
their compatibility with industrial requirements in the context of usability 
studies. AEMs assess the emotional experience of a person with specific stimuli 
or events. This chapter will clarify the authorÕs position related to the 
terminology in emotion science. Various aspects of emotion theory are analysed 
that are relevant in the context of this dissertation but also in the context of 
industrial usability studies. 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 literature emotional experience is 
often described using different terminology. Terms used include ÒemotionsÒ; 
ÒaffectsÒ; ÒmoodsÒ or feelings (Plutchik, R., 2003; Fox, E., 2008; Watson, D. & 
Tellegen, A., 1985). All terms account for various aspects of an emotional 
experience but there is some disagreement on the definition of each term. To 
clarify terminology used in the following work, the perspective of other 
researchers will be outlined before the authorÕs position is described. 

Affect, Emotion and Mood 

The terms of affect and emotion are the most ambiguous terms in the field of 
emotion science. Plutchik (2003) carried out a review of how these terms were 
used in the clinical literature and came to the conclusion that Òthere is an 
extensive overlap and no clear distinctions can be made at this timeÒ. Forgas and 
Smith (2003) also support this point of view and state: ÒThe very definition still 
remains problematicÒ. Calvo and D`Mello (2010) view Òemotion researchÒ and 
Òaffective scienceÒ as equivalent fields, which suggest that there is also an 
agreement between the computing literature and the previously mentioned 
researchers. Oatley, Keltner and Jenkins (2006) claim that affect was a synonym 
for emotions in older psychological literature, but is now used as an umbrella 
term for Òanything to do with emotions, moods, dispositions, and preferencesÒ. 
Scherer (2005) also adopts Oatley et al.«s point of view. 

Taking into account the different approaches in literature this work applies and 
interprets the term ÒemotionÒ as sudden reactions (Bentley, T., L. Johnston, und 
K. von Baggo. 2005; Fox, 2008) that can alter rapidly and differ in their intensity 
(Scherer, K. R. 2005). This interpretation was chosen, because this work 
investigates the interaction of novice users with a mobile phone application and 
sudden reactions are to be expected; therefore the term ÒemotionÒ will be applied 
in the following chapters. A theory, which is also supported by the author, refers 
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to emotions as superordinate programs that can override present programs in the 
brain. An example would be to sleep and to wake up immediately because of an 
occurring event (Cosmides, L. & Tooby, J., 2000). Affect on the other hand will 
be used as an umbrella term for anything to do with emotions, as proposed by 
Oatley et al. (2006) 

Mood is also an element of affective experiences but is discriminative from 
emotions in 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 time (Sloman, A., 2002). In 
contrast to emotions moods are considered to be objectless and to maintain 
certain singular states, rendering them more resistant to changes (Oatley et al., 
2006; Plutchik, 2003). This definition is discussed here because it is important to 
consider the potential impact of peopleÕs general moods on their emotional states 
when analysing the data of AEMs.  

2.1.2 Personal Traits 

For this work it is also important to acknowledge personal traits, which 
distinguish one person from another (Fox, 2008). Some personal traits are 
genetically based, whereas others grow from childhood to adulthood and are 
based on individual experience or culture (Oatley et al., 2006). They can hardly 
be influenced. 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 accepted theory (Oatley et al., 2006; Fox, 2008) describes five 
major traits of personality: 

1. Neuroticism: the tendency to experience negative emotions easily  
(e.g. anxiety or hostility) 
 

2. Extravertision: the tendency to experience positive emotions easily  
(e.g. warmth, gregariousness) 

 
3. Openness: the predisposition towards unusual ideas, high degree of 

curiosity  
(e.g. fantasy, aesthetics) 
 

4. Agreeableness: the tendency to be compassionate and trusting of others  
(e.g. trust, straightforwardness) 
 

 
5. Conscientiousness: planned rather than spontaneous behaviour  

(e.g. self-discipline, achievement striving) 
 

The most interesting dimension to this theory is the fact that Òextraverts are 
generally under-aroused and seek excitement from social interactions whereas 
introverts have enough inner arousal so they prefer quietnessÒ  (Oatley et al., 
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2006). This is important to consider when applying an AEM that examines 
physiological arousal levels as indications of emotional experience. 

2.1.3 The Role of Emotions 

Since most AEMs assess a personÕs emotional experience of a stimulus or event, 
another aspect worth considering is the role of emotions in connection to stimuli 
or social context. Clore (1994) describes the primary function of emotions as a 
provider of information to oneself or other people. These can be represented by 
physiological, verbal or behavioural expressions (Frijda, N.H., 1994).  

Behavioural expressions for instance such as a smile or frown help others to 
evaluate the inner experience of a person and react accordingly (Clore, 1994). If 
a person suddenly smiles as a response to a stimulus or event, another person 
usually interprets the experience as positive. However, humans are capable of 
misleading others by expressing a visible signal that is contrasting the inner 
experience (Ekman, P, 1999). In order to be polite, anger and frustration may be 
hidden behind a smile. The aforementioned finding connects with the statement 
that emotional states such as curiosity or interest also serve as a mode of 
communication and social bonding (Rolls, E.T., 2002). On the other hand, fear or 
anxiety facilitates receding behaviour and potentially an escape from danger 
(Clore, 1994).  

Levenson (1994) provides a general description of the role of emotions: 
ÒEmotions serve to establish our position vis-ˆ -vis our environment, pulling us 
toward certain people, objects, actions, and ideas, and pushing us away from 
others.Ò This statement illustrates why the topic of emotion assessment is 
important for product development organisations. Many consumer products are 
designed in order to attract users (Norman, 2005). 

2.1.4  Challenges of Emotion Assessment 

This focuses on challenging aspects of emotion assessment related to the 
application of AEMs in laboratory settings, which is a common case in usability 
studies.  

There are two main challenges that researchers have to face. One challenge is the 
ambiguous terminology of emotions and the resulting range of possible theories 
on how to assess, communicate and interpret them (Picard, R. W, und S. B Daily. 
2005; Fox, 2008) (see section 2.1.1).  

The second challenge is the circumstances in which a study takes place, ranging 
from environmental factors to the personal traits of the participants and the 
conductor to the course of events (Picard, 2005; Plutchik, 2003). All of these 
factors affect the emotional experience. 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 participantÕs natural environment. If the facilities are not the object 
of examination, the evaluation of emotions and collection of data may be 
influenced by the artificial organisation of the experiment (Picard, R. W, E. 
Vyzas, und J. Healey. 2001). Technical problems with test-material can also 
cause irritation and undesirable reactions from participants (Norgaard, M., 
Hornbaek, K., 2006). 

The use of recording tools, such as dictating machines or video cameras may also 
affect the participants in their emotional evaluation of a system. In the context of 
verbal self-reports Nancarrow and Brace (2000) refer to a phenomenon called 
ÒSocial Desirability BiasÒ, which describes the fact that participants tend to give 
feedback, which makes them look better in the eyes of others. This is also 
applicable to interactions with the conductor of the study.  

Another simple and unchangeable factor that influences a personÕs emotional 
state is the weather. Depending on the weather conditions participants may enter 
a study with biased perceptions (Fox, 2008).  

Personal Traits 

Personal traits are also an influencing factor. Fox (2008) states that it is important 
to consider peopleÕs personalities because Òit suggests that people have a 
number of core aspects of their personality that can influence how a particular 
situation might be perceived and interpreted and this can influence behaviourÒ. 

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 described in section 2.1.2 some of the personal traits 
are genetically based while others derive from childhood to adulthood and are 
based on individual experience or the culture in which the participant was raised 
(Oatley et al., 2006), and can hardly be influenced. 

In relation to verbal self-reports and expression measures it is also mentioned 
that participants may deliberately deceive the researcher (Plutchik, 2003). This 
occurs because it is possible to inhibit the appearance of emotional signals 
(Ekman, 1999). Furthermore education, descriptive abilities and experience with 
technology determine how emotions are expressed and how reliable a research 
study will be.  

Course of Events 

The point of time at which an AEM is applied in a laboratory study affects 
different outcomes. Self-reports for example rely on the participantÕs own 
perception of an emotional experience. It is therefore crucial to assess this 
experience as closely as possible to the moment it occurs. The longer the period 
of time between the experience and the assessment, the more difficult it becomes 
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for people to recall their emotions  (Isomursu, M., TŠhti, M., VŠinŠmš, S.und 
Kuutti, K., 2007).  

Different timing has different advantages. If emotions are assessed after the 
entire study, the researcher may achieve a more effective overall rating (Tullis et 
al., 2008).  If the assessment is conducted after every task, however, particularly 
problematic tasks can be identified more effectively. Picard (2001) is in favour of 
emotion assessment at different stages of a study and recommends combining the 
collection of multiple kinds of signals from the participant. 

2.2 Frameworks of Emotions 

In order for industrial researchers to incorporate AEMs into their work, it is 
helpful to understand the underlying frameworks; therefore 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 of cognitive appraisal, subjective evaluation or interpretation 
of a situation, object or event in the context of a high level goal is considered the 
key mechanism that leads to an emotional experience (Fox, 2008; Scherer, 2005). 
Edmund T. Rolls describes emotions as Òstates elicited by reward and 
punishmentÒ (2002). They are also based upon recurrent experiences with 
internal or external stimuli or events that influence the evaluation process in 
reference to a personal or inflicted goal (Cosmides, L. & Tooby, J., 2000; 
Ekman, 1999).  

LazarusÕ cognitive-motivational-relational theory (1991) is commonly quoted in 
the context of the appraisal model. Three main steps associated with the 
evaluation of stimuli in the context of the personal goal are mentioned (Fox, 
2008; Plutchik, 2003):  

1. How relevant is an event to the overall goal?  

2. To what extent is the situation goal congruent?  

3. How much personal commitment is required to reach that goal? 

The associated response stages elicited are generally classified as physiological 
symptoms, motor expressions and behavioural actions (Scherer, 2005). This 
framework is also described as the Òtop-down processÒ (Figure 1). All of the 
aforementioned response stages can be evaluated by different AEMs (see chapter 
two). With regards to industrial requirements some responses, such as the 
Òsubjective feeling stateÒ may be easier to examine in a time restricted and 
business driven environment than other responses, because i.e. the analysis of 
data may be faster. The other responses nevertheless should not be ignored. 
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Figure 1  Emotions as a 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, which indicates a reverse sequence of the appraisal 
process. Before an event can be cognitively processed the autonomic nervous 
system reacts and results in appraisal, expressive behaviour or subjective feeling 
state (Figure 2). This is commonly called the James-Lange Theory of Emotions 
(James, 1884; Lange, 1885). Fox (2008) also refers to more recent research done 
by Antonio Damasio, who identified that Òbiochemical and hormonal indicators 
of the body«s internal state can be detected by specific parts of the brainÒ and 
result in emotional responses.  

In relation to this work this model can also be identified as one of the emotional 
process that some AEMs try to address. However, can the validity of responses 
provided in a laboratory study and interpreted as the results of a bodily 
perception be confirmed? Neither a participant nor an observer can identify the 
order of steps in which an emotional response is elicited. This is an open 
question that cannot be answered in this piece of work. 

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

Both of the models discussed above result in expressive behaviour that is 
interpreted as an emotional experience including facial expressions or body 
postures. Facial and body expressions are an important part of the literature in 
emotion science. They are commonly targeted by AEMs in the form of 
automated recognition systems (Calvo et al., 2010) but due to the extensive 
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variety of systems, which would exceed this work, the 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 that are commonly applied in the reasoning and examination of 
emotions: 

2.3.1 Discrete Emotions 

The literature on 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 affective states (Plutchik, 2003).  Based on facial expressions Izard 
developed an exemplary list of eight basic emotions: interest, joy, surprise, 
distress, disgust, anger, shame and fear (1992). However, the appearance of 
these emotions individually is fairly rare and therefore difficult to assess. An 
emotional experience usually consists of a complex combination of basic 
emotions (Watson, 2000). Some researchers suggest then that the list of basic 
emotions needs to be extended by further emotions (Scherer, 2005) or generally 
declared unfeasible (Ortony, A., Clore, G.L. & Collins, A., 1990). 

2.3.2 Dimensions of Emotions 

In addition to the structure of discrete emotions the theory of emotional 
dimensions is widespread. Compared to a language-based structure the original 
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 is also described as dominance (or the degree to which a situation 
is controllable). Physiological states are commonly represented with the three 
dimensions described above (Scherer, 2005).  

Current research most commonly limits the dimensions to arousal and valence. A 
downside to this approach is the ambiguity of both dimensions (Scherer, 2005), 
which prevents a more detailed characterisation of emotions. In order to narrow 
the scope of an emotional experience, RusselÕs Òcircumplex of affectsÒ (Figure 3) 
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 which discrete emotional terms are organised around a 
circle according to their relationship to the two dimensions (Plutchik, 2003).  

The author interprets this approach as an attempt to address the physiological 
perception, which is an intuitive bodily response, and the appraisal process, 
which addresses the cognitive perception of an emotion, at the same time. For the 
application of an AEM within an industrial usability study the combination of 
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dimensional and distinct emotion structures would be very beneficial since it 
enables the researcher to cover a wider spectrum of an emotional experience. It 
remains however unclear whether the physiological perception can be assessed 
with this proposal. It appears that the presence of distinct terms could obstruct 
the intuitive response provided by a strictly dimensional approach.    

 
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 section affective evaluation methods (AEM) that incorporate 
different approaches to emotion assessment will be presented and evaluated. 
First, the selection of methods from literature will be discussed. Secondly the 
methods will be categorised, described, and evaluated based on their benefits and 
disadvantages.  

2.4.1 Choice of Methods 

After the review of approximately fifty  papers from the Transactions on 
Affective Computing Journal, Human-Computer Interaction Journal, Affective 
Computing and Intelligent Interaction conferences, and Psychology publications 
such as Journal of Behavioural Therapy and Experimental Psychiatry, twenty-
one papers (Appendix A) in the affective computing literature quoted eleven 
exemplary AEMs, which are further investigated in this dissertation. They were 
chosen based on their specific traits that distinguish them from each other and 
make them applicable to industrial usability studies.  

2.4.2 Verbal Self-Report 

Fox (2008) states that verbal self-report is an approach that provides distinct and 
clear communication from humans on their emotional experience with a product. 
In the following paragraphs a few of these methods are discussed and the validity 
of FoxÕs statement is evaluated further in chapter four.  

Geneva Emotion Wheel 

One of the verbal self-report methods, which were investigated here, is the 
Geneva Emotion Wheel (GEW; Scherer, 2005; Figure 4). The GEW was 
developed based on the appraisal component of emotions and provides a set of 
discrete emotion labels that are organised in a graphical style in circular order. 
The circle includes ÒspikesÒ which consist of five decreasing circles, each of 
which represent the experienced intensity of each emotion. If users consider it 
too difficult to assess an emotional experience with the presented labels, they can 
also add their own term or select a field labelled ÒNo emotion feltÒ. 

The creators intended to go beyond the valence and arousal dimensions (Russel, 
1980). They decided to omit the strong physiologically related component of 
arousal and instead reintegrated the dimension of control (dominance), which is 
described in the original three-dimensional structure of emotions (valence, 
arousal and dominance) created by Wundt in 1905 (see section 2.3). The reason 
for this approach was to focus solely on the appraisal model of emotions, which 
requires the awareness and evaluation of an emotion. It is strongly related to how 
much in control of a stimulus or event a person feels (Scherer, 2005).  

The GEW incorporates both structures of emotional theory; discrete emotions 
and their classification within a two-dimensional space. The interpretation of 
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results can thus be linked to both areas. It needs to be acknowledged that the 
creator of the tool selected the emotional terms himself, but 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 used in the wheel, and they assigned 
64 different adjectives to these terms and rated 80 adjectives in relation to 
valence, control and intensity (BŠnziger, T., Tran, V. & Scherer, K.R., 2005). 
The aim was to verify:  

1. The relevance of placing the emotion categories in a two-dimensional space 
with underlying dimensions of 'control' and 'valence'.  

2. That the adjectives fit in the postulated categories 

3. The postulate of increasing intensity for the four adjectives in each category 

The results suggested that the organization 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 each emotional term. The author 
assumed that the version presented in this dissertation (Figure 4) is a modified 
version resulting from the validation process proposed by BŠnziger et al. (2005). 

 
Figure 4 Geneva Emotion Wheel (GEW) Ð 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 self-report with a different approach is the Repertory Grid 
Technique (RGT) (Fallman, D., Waterworth., and J., 2005). Fallman et al 
followed a theory of personal constructs. RGT enables participants to create their 
own terms for the qualities of a product. The first step is to assign a quality term 
to one product in a group of three similar products and subsequently to describe 
what separates the other two from the first. In this context seven-point rating 
scales with opposing terms (terms left and right of the matrix) can be created 
based on the userÕs personal perception. Following this procedure the scales are 
used to evaluate the products (bottom of the matrix (Figure 5) individually. The 
terms created by the participants provide 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 7-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, because if affective coding (Tenopir, 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 rely on the 
participantÕs subjectivity; measuring only appraisal driven and cognitively 
processed emotions; and they can thus be influenced by several different factors, 
such as the participantÕs general mood or environmental aspects (Desmet, P. 
M.A. 2003). The need to satisfy the observerÕs expectations must to be 
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considered as well (Nancarrow et al., 2000). The outcomes of the aforementioned 
methods predominantly rely on the usersÕ ability to express their emotions, which 
for some people might be difficult because they may not be aware of what they 
are experiencing (Fox, 2008). The timing of the application of the methods 
described above can also influence the outcome. During 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 the experience (Isomursu et al. 2007).   

2.4.3 Self-Report Based on Behavioural Representations 

A way to avoid language-based methods is to use self-reports based on 
behavioural representations. Instead of using words to represent emotions, they 
are visualised as images; some of them in a humanised way so the user can relate 
to them (Foglia, P., C. A Prete, und M. Zanda. 2008). Two accepted tools are the 
PrEmo (Desmet, 2003) and the Self Assessment Manikin (SAM; Bradley, M. M, 
Lang., P. J, 1994). Both methods apply valence and arousal as the two commonly 
used dimensions to describe human affective reactions (Russel, 1980).  

PrEmo 

PrEmo includes a set of distinct emotions that were investigated in an intensive 
procedure. From an 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 the first step of the elimination process participants had to rate the 
347 words in relation to the two dimensions of valence and arousal; and 
familiarity. Words that were ambiguous or unfamiliar were omitted. The 
remaining words were organised into eight categories and the participants rated 
them based upon their frequency of use with respect to product design. For the 
next step, participants only rated the similarity of the frequently used emotions 
and finally assessed the remaining 41 emotions on their 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 movements represent 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 
three-point scale to what extent the animated picture describes his or her emotion 
(Desmet, 2003).  
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Figure 6 The PrEmo tool: 14 emotion pictograms can be used in order to evaluate the emotional 

perception of a product (Desmet, 2003). On the right: pleasant emotions Ð desire, 
pleasant surprise, inspiration, amusement, admiration, satisfaction and fascination. On 
the left: unpleasant emotions Ð indignation, contempt, disgust, unpleasant surprise, 
dissatisfaction, disappointment and boredom.  

Self Assessment Manikin 

The Self Assessment Manikin (SAM; Figure 7) illustrates the three dimensions 
of pleasantness, arousal and also dominance though an abstract portrayal of a 
cartoon character. It is picture oriented, and compared to PrEmo, the SAM does 
not enable the evaluation of distinct emotions but does directly assess generalised 
emotional states (Bradley et al., 1994; TŠhti, M, VŠinŠmš, S., Vanninen, V., 
2004).  

Three rows with five different levels illustrated by pictograms can be used to rate 
the emotional experience on an instinctive level. The three underlying 
dimensions (Bradley et al., 1994) intend 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 try to appeal to the visual 
sense (Foglia et al., 2008), avoiding the intermediate step of verbalising what is 
experienced and directly linking them to the perception stage (Morris, 1995). The 
SAM characters are supposed to represent the emotional experience. However, 
due to the ambiguous visualisation of emotions there is a common tendency 
among researchers (Hodes, R.L., Cook III, E.W. & Lang, P.J., 1985; Bradley et 
al., 1994; Lang et al., 1997; Suk, 2006) to provide verbal instruction linked to 
pictograms before use.  

Several versions of the 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 used. A paper by Morris (1995) mentions some 
advantages of the SAM. He states for example that participants in studies take 
less than 15 seconds to fill out the tool, which prevents exhausting the 
participants during longer studies. 
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Figure 7 Self Assessment Manikin (SAM) Ð used to assess pleasure, arousal and dominance 

(Hodes et al., 1985) 

Benefits and Disadvantages 

The advantage of pictorial self-reports is that they try to address an emotional 
experience before it is cognitively processed and transmitted to the linguistic part 
of the brain (Hššk, K., Isbister, K., Laaksolahti, J., 2006). It can consequently be 
argued that the results are more intuitive. Furthermore, since the methods are not 
word based, users do not have to agree on specific emotional terms (Grimm, 
2005) and they can be used across different cultures (Desmet, 2003; Bradley et 
al, 1994). The user may not be able to interpret the images easily though and so 
may find it difficult to relate to them (Isomursu, 2007). In this case the animation 
of pictograms as in the PrEmo may improve the recognition process (Desmet, 
2003). 

2.4.4 Sensual Self-Report 

The sensual self-report method (Figure 8), developed by Isbister et al. (Isbister, 
K., K. Hššk, J. Laaksolahti, und M. Sharp. 2007) integrates the sense of touch 
into the evaluation of emotions (Hššk et al., 2006). Based upon the awareness 
that affective processing in the brain happens in an area not directly accessible to 
language a more intuitive way of expressing emotions was investigated (Isbister 
et al., 2007).  

Eight physical shapes were created inspired by an illustration of emotions 
conveyed by an object (The Disney Flour Sack; Figure 8). Isbister et al. based the 
method on the evidence 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) in order to obtain the participantsÕ 
interpretation of the shapes. During the interaction with a system, users were 
asked to touch those shapes that they felt expressed their emotions best.  

The findings of the subsequent study in which a computer game was evaluated 
revealed that the shapes did not present distinct emotions but the results suggest 
that the 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 different cultures. The vagueness of 
the acquired findings however does not support statistically significant results. 
The ability of people to map the touch sense with emotions may also be easier 
for some than for others. The overall aim of this tool then is to support designers 
in their design process and to make them aware of emotional experiences that 
may contradict the creatorÕs intention (Isbister et al., 2007).   

 
Figure 8 Shapes used in the sensual self-report method (right)  based on the Disney Flour Sack 

Illustration of emotions (left) (Isbister et al., 2007) 

2.4.5 Recall Self-Report 

Relative Subjective Count  

A very different and indirect approach to evaluating emotional reactions to 
products is Relative Subjective Counts (RSC; Picard et al., 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 procedure and to let the participants 
estimate them. In both cases the usersÕ estimations are compared to the actual 
time or numbers of 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 or interruptions are overestimated the product 
is possibly perceived as difficult to use and causes frustration (Picard et al., 
2005).  

Cued Recall Brief 

The userÕs ability to recall the actual emotions during an interaction with a 
system is addressed with a more elaborate method called Cued Recall Brief 
(Bentley, T., Johnston, L., von Baggo, K., 2005). Directly after a study the user is 
shown a recorded video from his perspective on the actions he has just carried 
out. While the video is playing he is encouraged to recall his thoughts including 
positive, negative and neutral emotions. In order to verify the reliability of the 
statements, it is recommended that biosensors be used during the course of the 
actual study. With this combination the thoughts expressed by the participant are 
compared with the physiological signs of valence and arousal.  

Benefits and Disadvantages 

The strength of the recall self-reports is that participants are not disrupted during 
the interaction with a product. The downside is that as with most self-reports the 
participant may verbalise what he expects the conductor to want to hear. 
Moreover, comparing the researcherÕs observation during a study with the 
findings of the recall can be tedious (Bentley et al., 2005). The 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 
measures. Through the employment of biosensors, electrical signals are recorded 
that can determine the levels of arousal and valence (Calvo et al., 2010), which 
relate to the dimensional structure of emotions. Examples of physiological 
measures are Electromyogram (EMG), which measures muscle activity and the 
Electrocardiogram (ECG), which measures heart activity or Galvanic Skin 
Response (GSR; Figure 9). 

High levels of arousal can indicate either positive or negative excitement. The 
determination of the associated valence however can be difficult (Foglia et al., 
2008). The integration of heart rate measure and facial expression recognition 



 27 

systems can assist in the differentiation between positive and negative arousal 
(Yannakakis, G.N., Hallam, J., 2008).  

Benefits and Disadvantages 

In general, from the participantsÕ perspective, biosensors are objective, in the 
sense that they do not require participantsÕ interpretation of their own emotional 
experience. The sensors are also unobtrusive measures, since they can be applied 
during the interaction with technology (Picard et al. 2001; Haag et al., 2004; 
Calvo et al., 2010). EEG (electroencephalography, which scans brain activities) 
for instance is commonly applied in an emerging field called neuromarketing in 
which peoples responses to advertising or branding is analysed (Lee, N., 
Broderick, A.J., Chamberlain, L., 2007). 

However, from the researcherÕs perspective it can be difficult to map the data 
gathered from the biosensors with a definition of an emotion. People also differ 
physiologically. Therefore the comparison of data, both among participants and 
from a single person, is difficult (Foglia et al., 2008). In order to identify a 
natural baseline recording the initial level of arousal prior to the participantÕs 
evaluation of stimuli may eliminate the aforementioned confusion (Calvo et al., 
2010).  

Room temperature can also be a factor that can lead to inaccurate results; which 
can make the interpretation of gathered data unreliable, confusing and time-
consuming. Just as physiological measures can serve to validate subjective self-
reported comments, additional verbal measures can improve the process of 
analysis (Bentley et al, 2005). 

 
Figure 9 Example of a biosensor: Galvanic skin response sensor  
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2.4.7 Expression Measure 

Video-Based Facial Expression Recognition 

Many emotions are expressed through facial muscle movements (Bartlett, M. S, 
Littlewort, G., Fasel, I., Movellan, J. R., 2003). The measurement of these 
activities can thus provide insights into a personÕs affective state. Affective 
detection research places a 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 movements with connected sensors, 
video-based facial expression recognition provides a means to record videos of a 
personÕs face and track the movement of its features (Kapoor, A., Qi, Y., Picard, 
R. W., 2003).  

Based on EkmanÕs Facial Action Coding System (1993) the method developed 
by Kapoor et al. can record predefined action units in the upper face, which 
unlike most video-based facial recognition tools, allows natural head movements. 
It can detect 40 different action units (AU) and more than 7000 combinations of 
these. It achieved a recognition accuracy of 69.29% for each individual action 
unit and an accuracy of 62.5% for all possible combinations of these units. The 
results aim to go beyond the prototypical facial expressions that describe the six 
basic emotions of happiness, sadness, fear, anger, disgust, and surprise (Zeng et 
al., 2009).  

The interpretation of AU is not yet performed automatically though, and it 
requires a researcher to code the data. In order to validate the interpretations, two 
additional researchers need to be consulted. Some systems allow automated 
interpretations but the current state-of-the-art is not very reliable (Calvo et al., 
2010). Calvo et al. (2010) discuss an array of different facial expression analysis 
systems. A list of these systems can be found in the appendix 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 affective states to emotion families (Ekman, 1993), but 
according to Kapoor et al., the prototypic facial expressions happen rarely and 
the majority of movements are subtle (2003). The additional assessment of 
speech or body movements can support the interpretation of facial expressions in 
relation to emotional experiences (Bartlett, 2003). Furthermore, most recognition 
systems are calibrated based on acted facial expressions, which do not 
necessarily account for natural expressions (Calvo 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). AMUSE combines camera based tracking of eye 
movements, mouse and keyboard interactions, and the userÕs interactions with 
the interface, his general physical activities, such as speech and gestures, and any 
form of physiological data. The collected data is saved in Excel spread sheets and 
the recordings can be displayed together on one screen (Figure 10).  

Benefits and Disadvantages 

Since the gathered data is only based on the instantaneous reactions of a person, 
Chateau and Mersiol (2007) recommend extending the evaluation process with a 
self-report method at the end of the study in order to obtain an overall feedback 
of the affective states and distinct emotional terms. Considering the number of 
abstract results that AMUSE collects, the manual interpretation and analysis of 
data takes a long time. This fact may deter researchers in the industry from 
integrating this tool into 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 AEMs is 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; Desmet, 2003; 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 DesmetÕs work (2003), exemplary AEMs were presented 
in order to discuss the advantages of non-verbal instruments and verbal 
instruments1 . He aimed to incorporate the advantages of both types of 
instruments into a new method called PrEmo. This work focuses though on the 
development of the new method and only evaluates AEMs in terms of their 
distinction between non-verbal and verbal categories. It provides little 
information on specific methods. 

In some cases the analysis aims to compare a new method with existing methods. 
Isomursu et al. (2007) compare five self-report AEMs. The existing methods, 
which were analysed, are the Self Assessment Manikin by Lang (1997) and the 
EmoCards by Desmet (2001). These were compared to three self-created 
methods, the 3E (Expressing Emotions and Experience), which asks users to 
draw their emotional experience; the Feedback Application on a mobile phone, 
which is a mobile phone application integrating emoticons that appear during 
interaction with the main software; and the Experience Clip in which a friend 
instead of researchers records a video of the participant interacting with a piece 
of software in order to capture more natural behaviour.  

The difference between the work of Isomursu et al. and other method evaluations 
is the special context in which the tools were investigated. The associated 
experiment focused on mobile applications in field settings; therefore special 
evaluation criteria such as ÒThe users in the study should be real as possibleÒ or 
ÒNo restriction in mobility and physical contextÒ were considered. It can be 
assumed that the work by Isomursu is influenced by a certain bias since it 
includes self-created methods and the comparison was conducted based on 
personal experience. However the final results, which simply describe the pros 
and cons of the evaluated methods, are not able to suggest one perfect AEM that 
meets the proposed criteria. The research provides a useful account of how 
difficult the comparison of AEMs is.  

The fact that the methods are evaluated with respect to a software application on 
a mobile phone also distinguishes the work by Isomursu et al. from other papers. 
Bradley et al. (1994) analysed the application of the Self Assessment Manikin 
and the Semantic Differential in the context of pictures, which revealed that both 
methods are suitable for the application with pictures. 

                                                
1 Non-verbal instruments refer to methods that measure physiological responses as an indicator 
for an emotional experience, while verbal instruments describe a personÕs self-reported 
experience. More detailed descriptions of AEMs 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 
condition of the associated evaluation systems were their main concern but not 
the stimulus or event. The corresponding results are too extensive in order to be 
discussed in this work. None of these reviewed projects mentioned above focus 
on the context of the user centred design process in the industry, in 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 Affective Computing researchers in general. 
Special restriction faced in real world settings, such as industrial user research is 
mostly ignored. If the goal is to make affective evaluation part of the commercial 
user centred design process industrial requirements need to be considered.  

The following work can be distinguished from the previous reviews by its focus 
on AEMs in the context of industrial usability studies. This dissertation does not 
aim to develop a new method or solely present an array of existing methods. The 
incremental analytical approach of extracting diverse AEMs from the literature to 
the practical evaluation of two distinct methods based on self-report, discusses 
the strength and weaknesses of the methods on different levels and reveals new 
insights into the characteristics of AEMs in the context of software products.  

2.6 Summary 

The literature within emotion science showed that there is a disagreement on the 
terminology for a phenomenon called emotions. Different constructs and models 
such as the 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 constructs for AEMs. In 
this work the discrete and the dimensional approach were examined and suggest 
that the results obtained from methods focusing on different approaches are most 
likely not comparable.  

Due to the nature of the following studies the challenges of emotion assessment 
within laboratory setting were analysed. It revealed that some factors such as 
personal traits or artificial settings influence the outcome of AEMs as well as the 
course of events. This provided a helpful consideration of the organisation of the 
study procedure described in chapter five.  

The literature review also revealed that several investigations regarding AEMs 
have been conducted but there is a lack of analysis with respect to the use in 
industry. The influencing factors from industrial requirements that could affect 
the applicability 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 describes the next step in the incremental analysis of 
affective evaluation methods (AEMs). It introduces industrial requirements as a 
special context in which the employment of AEMs is intended. A structural 
approach will be applied in order to compare and filter the AEMs discussed in 
section 2.4.  

3.1 Research: Identification of Criteria 

3.1.1 Procedure 

First of all, all the criteria related to the eleven AEM2 discussed in section 2.4 
were extracted from the literature. These were related to the way a method 
evaluates emotions (i.e. self report, physiological measurement, expression 
measurement) to the material necessary for the evaluation of emotions (i.e. paper, 
interactive software), or to various other items (APPENDIX C).  

The following two examples describe how criteria were extracted from the 
literature. Isbister et al. (2007) for instance state that one benefit of the sensual 
evaluation tool is its applicability across cultures; therefore Òcross cultural 
studiesÒ was added to the list of criteria (APPENDIX C, page 81). Bradley et al. 
(1994) describe the Self Assessment Manikin as a cheap tool, from which the 
criteria ÒcheapÒ was generated. In total, the list of extracts contained 58 different 
criteria.  

Next, criteria were organised into different high-level categories. The categories 
were structured according to a schedule of a usability studies in a laboratory 
setting (Dumas et al., 1999). This means that potential questions concerning the 
application of AEMs to the schedule of a usability study were supposed to be 
answered by the items in the list of 58 criteria.  

The list starts with the preparation of a study; which questions featured such as 
ÒHow does the method evaluate emotions?Ò (Figure 11) then considers aspects of 
the AEMs that become relevant during the task flow, for example ÒAt what time 
during the study is the method applied?Ó and post test activities for example 
ÒHow is the analysis of data conducted?Ó The 58 criteria were assigned to the 
final list of 14 high-level categories. The first 13 categories and the subordinate 
criteria were given individual attention to the last category, which included 
mostly negative criteria. The presentation of the entire list of categories and the 
subordinate criteria would be too time consuming to discuss at this point of the 

                                                
2 Geneva Emotion Wheel, Repertory Grid Technique, Concurrent Think Aloud with Affective 
Coding, Self Assessment Manikin, PrEmo, Relative Subjective Count, Cued Recall Debrief, 
Sensual Evaluation Instrument, GSR, Facial Recognition with Video, AMUSE  
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dissertation. A complete list can be found in the method matrix in APPENDIX C. 
The 14 high level categories are illustrated here:  

1. How does the method evaluate emotions? 

2. What material is needed for the evaluation? 

3. How are the emotions evaluated? 

4. What products can be evaluated? 

5. What special requirements does it serve? 

6. At what time during the study is the method applied? 

7. How long is the evaluation process? 

8. What is the form of collected data? 

9. What are the costs? 

10. Can the method be modified 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 confounds? 

In the third step a two dimensional matrix (APPENDIX C) was created that 
included the 14 high-level categories and the 58 subordinate criteria on the y-axis 
and the eleven AEMs discussed in chapter three on the x-axis.    

Subsequently the 21 sources of literature (APPENDIX A) on all of the eleven 
AEMs on the x-axis were analysed in relation to the 58 criteria. If a method met 
a criterion, the corresponding cell in the matrix was marked with an ÒXÒ. The 
criterion ÒSelf ReportÒ for example obtained an ÒXÒ for the Geneva Emotion 
Wheel and the Self Assessment Manikin but not for Facial Recognition with 
Video, which belongs to ÒExpression MeasurementÒ(Figure 11).  

After all eleven AEMs were analysed in context of the 58 criteria, the number of 
ÒXsÒ in the matrix for each method was added up for the criteria under the first 
13 categories. The 10 criteria under the last category (What are important 
considerations and possible confounds?) were added up separately because they 
provide an indication of negative criteria. 
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Figure 11 Screenshot captured from the method matrix with 11 methods on the horizontal axis and one category and subordinate criteria on the vertical axis. For the complete 
version see APPENDIX C. 
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3.1.2 Results 

Of the eleven methods analysed the Concurrent Think Aloud with Affective 
Coding scored the highest number of agreements with 24 out of 48 criteria under 
category 1 to 13. The Geneva Emotion Wheel, the Self Assessment Manikin and 
the Biosensor met 22 criteria and the Repertory Grid Technique, the Sensual 
Evaluation Instrument and the AMUSE met 21 criteria. The ranking for the 
remaining AEMs are presented in Table 1.  

 

Table 1 The ranking of AEMs by the number of criteria extracted from the literature that were 
met by the individual methods (extract from APPENDIX C) 

The established matrix above provides only an overview of the highest ranking 
AEMs based on 21 sources of literature. It does not provide an indication of how 
suitable these methods are in a specific context. In order to answer the research 
question proposed in this dissertation (What are appropriate methods for the 
assessment of emotions during product evaluation in an industrial context?) 
further analysis related to a set of industrial requirements is necessary. 

  

Affective Evaluation Methods 
Positive Criteria 
(out of 48) 

Negative Criteria  
(out of 10) 

1. Concurrent Think Aloud with Affective 
Coding 

24 3 

2. Geneva Emotion Wheel 22 5 

3. Self Assessment Manikin 22 6 

4. Biosensors  22 3 

5. Repertory Grid Technique 21 3 

6. Sensual Evaluation Instrument 21 4 

7. AMUSE 21 4 

8. Cued Recall Debrief 19 3 

9. PrEmo 18 5 

10. Video Based Facial Expression Recognition 17 2 

11. Relative Subjective Count (RSC) 16 2 
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3.2 Industrial Requirements 

This dissertation was established in cooperation with an industrial organisation. 
In order to continue the incremental analysis process described in the previous 
section the author and a representative of the industry established the following 
list of relevant requirements that an AEM has to meet in order to be suitable for 
usability studies in an industrial context. These are based on the companyÕs 
financial and time considerate processes.  

1. Quick: In a development driven environment the available time for 
product evaluation is limited; thus a suitable AEM needs to be 
applicable quickly, particularly if it cannot be integrated with the 
common procedure of usability studies and has to be applied 
separately. Time requirements also correspond to the analysis of 
gathered data.  

2. Cheap: Since companies try to minimize the budget for usability 
studies, costs and investments should be as small as possible 
compared to the benefit. 

3. Little additional equipment: New methods should also involve 
little additional equipment to support the previous two 
requirements. 

4. Easy: Consequently it is important that the facilitators do not need 
extensive time to learn the new methods. They should be easy to 
learn and to execute. 

5. Engaging: Following advice on how to achieve best results within 
a usability study (Dumas, J.S., Redish, J., 1999), the AEMs should 
not tire participants, but engage and motivate them in order to 
provide valuable feedback.  

6. Clear outcome: A clear outcome, which improves the product and 
its development process, is one of the most important demands for 
the integration of new methods. The benefits of a new technique 
have to be clear and show return on investment. 

After the list of requirements was set up, they were used to filter the matrix of 
methods and to rank the most suitable tools in the context of industrial usability 
studies.  
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3.3 Filtering  Criteria  

3.3.1 Procedure 

In consultation with the industry partner, the list of 14 categories and the 58 
subordinate criteria was revised. The criteria were examined to see if they met 
any of the six industrial requirements. For example one of the criteria under 
category two (What material is needed for the evaluation?) was ÒPaperÒ 
(Appendix C), which was identified as meeting the requirements of  ÒCheapÒ 
and ÒLittle additional equipmentÒ or the criterion ÒWithin a lab study (45 mins Ð 
1.5hrs)Ò under category seven (How long is the evaluation process?) meets the 
industrial requirement that an AEM must be ÒQuickÒ.  

3.3.2 Results 

After all criteria were reviewed, 17 criteria out of the 58 met the industrial 
requirements. Since industry obviously focuses on AEMs with mainly beneficial 
features, none of the 17 criteria originated from category 14, which includes 
mostly negative criteria. The complete list of 17 criteria that meet the six 
industrial requirements and the corresponding categories is presented below. 

Categories  
Criteria that meet industrial 
requirements (out of 58) 

What material is needed for the evaluation?     1. Paper 
  2. Interactive Software on Computer 

What products can be evaluated? 3. Interactive Product on computer 

  4. Interactive Product on mobile phone 

What special requirements does it serve? 5. Cross cultural studies 

  6. Field studies (portable/durable) 

How long is the evaluation process? 7. Within a lab study (45mins -1.30hr) 

 
8. One day 

  9. Several days 

What is the form of collected data? 10. Keywords 

  11. Single numbers 

What are the costs? 12. Can be self made 

 
13. Needs to be purchased 

    - Cheap  

Can the method be modified to fit certain 
circumstances?     14. Adapting material to test context 

How is the analysis of data conducted? 15. Short 

  16. Direct Interpretation (easy) 

Has the validity and reliability been tested? 17. Validity and reliability tested 

Table 2 The 58 criteria in the method matrix were filtered and a final set of 17 criteria met the 
six industry requirements. On the left side are the corresponding high-level categories 
under which the criteria were organised.  



 39 

3.4 Filtering Method Matr ix 

3.4.1 Procedure 

The previous table was used to filter the matrix of methods described in section 
3.1 (APPENDIX C). The intention was to remain with suitable AEMs that could 
meet the 17 criteria, based on industrial requirements. 

The author followed a similar procedure as in section 3.1.1. For each of the 
eleven AEMs the number of ÒXsÒ awarded to the 17 criteria that correspond to 
industrial requirements were counted.   

3.4.2 Results 

The filtering revealed that the Geneva Emotion Wheel (GEW) achieved the 
highest rank with 13 of 17 criteria. In second place was the Self-Assessment 
Manikin (SAM) with 12 embedded criteria (APPENDIX C). The complete list 
can be found in Table 3. According to the ranking, self-report based methods 
reveal to be most suitable for the industrial context.  

Affective Evaluation Methods 

Criteria that meet  
Industrial R equirements 
(out of 17) 

1. Geneva Emotion Wheel (GEW) 13 

2. Self-Assessment-Manikin (SAM) 12 

3. Repertory Grid Technique 11 

4. Relative Subjective Count  (RSC) 11  

5. Concurrent Think Aloud with affective coding 9 

6. Cued Recall Debrief 8 

7. Biosensors 7 

8. PrEmo 7 

9. Sensual Evaluation Instrument (Shapes) 5 

10. AMUSE 4 

11. Video Based Facial Expression Recognition 4 

Table 3 Ranking of AEMs that meet industrial requirements. 
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3.5 Discussion 

The analysis and filtering process described in this chapter suggests that 
according to the literature review and the application of industrial requirements it 
is possible to theoretically and strategically define suitable AEMs for a specific 
context. Whether the GEW and SAM are practically suitable to encourage the 
report of emotions will be investigated in the next chapter. 

Please note that these results cannot be applied to other contexts. The criteria 
among the total list of 58 may differ for different contextual requirements and 
consequently the filtering process may lead to different results.  
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4 CASE STUDY TWO: METHOD EVALUATION  

Following the research activities and subsequent results in chapter three, this 
study evaluates the practicality of the Geneva Emotion Wheel (GEW), the Self-
Assessment Manikin (SAM) and the Concurrent Think Aloud (CTA) in a 
laboratory based user study. The focus is on users, exploring their ability to 
report experienced emotions in the CTA and the affect of applying the two 
affective evaluation methods (AEMs).  

4.1 Research Questions 

4.1.1 Use of Emotional Terms 

Hypothesis 1: AEMs based on verbal self-report reveal broader insights into the 
participantÕs emotional experience than directed CTA. 

During a usability study, participants are asked to complete tasks, which demand 
their full attention. It is difficul t to multitask and to express verbally both inner 
thoughts and emotional reactions (Van Den Haak, M., De Jong, M., Jan 
Schellens, P., 2003).  

The according hypothesis is that even when participants are prompted and 
directed at the beginning of a study to talk about emotions, the number of 
emotional terms in the transcripts will be marginal. A tool such as the GEW is 
expected on the other hand to result in a greater number of selected words 
because it provides a set of distinct but rigidly defined emotional terms and 
requires the userÕs absolute attention.  

4.1.2 Effect of Prompting 

Hypothesis 2: The application of word-based AEM stimulates users to adopt 
emotional terms. 

Considering the main assumption that people have difficulties expressing their 
emotions during laboratory test sessions, this research also wants to investigate 
the impact of prompting.  

The GEW delivers a wide range of distinct emotional terms. The corresponding 
hypothesis predicts that participants will apply these terms more often in the 
CTA after reading them for the first time.   
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4.1.3  Reactions and Perception 

Hypothesis 3: In the same situation different AEMs encourage different 
emotional responses.  

As described in the ÒMethod ComparisonÒ section, various tools assess different 
measures of emotions. This suggests that the user may perceive two self-report 
methods based on different theories differently while evaluating the same 
stimulus or event. This leads to the assumption that participants may interpret 
their own emotions differently and that their subjectivity leads to an inclination 
for a certain tool.  

The Geneva Emotion Wheel and the Self Assessment Manikin are both self-
assessment ratings of emotions. However, the GEW aims to examine the 
emotional experience that is consciously evaluated based on the appraisal model 
while the SAM focuses on more intuitive responses. The tools are expected to 
initiate different reactions and interpretations in the participants. Considering the 
context of the study (e.g. industrial usability study and interaction with a mobile 
phone application) and personal traits the methods will be rated significantly 
different on a five-point Likert scale in terms of ease of use, ease of remembering 
and ease of comprehension (APPENDIX D, page 89).  

4.2 Method 

A usability study was organised in order to observe peopleÕs response to the 
Geneva Emotion Wheel (GEW), the Self Assessment Manikin (SAM) compared 
to the Concurrent Think Aloud (CTA) as the well-practiced usability method, 
with respect to a mobile phone application. Furthermore the participants were 
interviewed about their personal experience with the three methods.  

4.2.1  Participants 

Fifteen participants were recruited through an online recruitment system by the 
UCL psychology department.  

The target user group of the ÒTravel DeluxeÒ application is very broad and can 
include almost everyone. In order to ensure that all participantsÕ knowledge of 
the application is the same, the group of participants was required to be iPhone 
users and novices to Travel Deluxe. They were all fluent English speakers, 19-41 
years old (M= 27.1, SD=6.4) and nine of them were male and six female. The 
backgrounds of the participants varied but most of them were students.  

 

 

 



 43 

4.2.2 Material  

Mobile Phone Application 

For the purpose of creating a task flow with six equally challenging tasks that 
could be compared without having to consider the difficulty of the task, ÒTravel 
DeluxeÒ (Figure 12) was chosen by the author to serve as an adequate platform 
for evaluation.  

Travel Deluxe is a digital journey planner for public transport in and around 
London. It enables users to search for routes with different types of 
transportation including cycling and walking. Users can also save favourite 
locations to a personal list and view maps of bus routes. The different dimensions 
of interaction; such as entering text; selecting buttons; zooming and panning 
maps or scrolling through lists - were reviewed by the author and presented 
several situations that had the potential to elicit emotional feedback. For example 
tapping at different positions in the entering fields on the home page (screenshot 
1 in Figure 12) leads to different menus, which leads to misunderstandings. A 
pilot study confirmed this interaction flaw as a cause of frustration. As it was the 
intention to elicit emotions in order to observe the participants response, Travel 
Deluxe therefore served the purpose of the study. 

       
Figure 12 Sample screens of the ÒTravel DeluxeÒ application designed by Malcom Barclay  

Equipment 

The application was installed on an iPhone 4. For transcription of the CTA, audio 
files were recorded with a computer program named ÒGarage BandÒ. 

Affective Evaluation Methods  

Since the GEW and the SAM emerged as the highest ranked methods from the 
filtering of AEMs, they were applied in the study in order to assess each 
participantÕs emotional experience. To date, no automated software version of 
these tools is available for mobile phones. Due to the frequent application of the 
tools during the study the author chose to use paper versions so the tools could be 
easily handled in connection with a mobile phone. Since the procedure included 
six tasks the tools were printed out six times for each participant to be used after 
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every task. Additionally an iPhone 4 was used to manually record the completion 
time of the participantÕs feedback for the GEW and the SAM.  

Post Questionnaire 

At the end of the study the participants were asked to answer a post-
questionnaire on the methods used (Appendix D). The questionnaire included 
two questions based on the concept of the Relative Subjective Counts (RSC) 
(Picard et al., 2005) requiring the participants to estimate the duration of the 
study and the frequency of interruptions by the GEW and the SAM evaluation 
sheets. One open question was added asking the participants how they felt about 
the whole procedure of the study. Furthermore the questionnaire contained three 
Likert-scales. One of them asked the participant to rate how easy it was to use the 
GEW and the SAM, the next one questioned the ease of remembering emotions 
with the tools and the final scale required the participant to rate the 
comprehensibility of words and characters.  

Facilities 

Fifteen studies were conducted overall; nine of them in the facilities of the 
industry partner. A conference room served as an improvised usability study 
laboratory. Five tests were administered in a research cubicle in the psychology 
department of the University College London. One participant was observed in 
his home environment. The change in location was due to a high number of 
absent participants and the ad-hoc recruitment of new attendees.  

Incentive 

All of the attendees received an incentive in the form of an Amazon.co.uk 
voucher code worth £40, which was kindly provided by the industry partner.  

4.2.3 Design 

Due to the fact that this study compared the affective codes of the CTA 
mentioned during the course of the tasks with the emotions found through the 
GEW and the SAM after each task, all three methods had to be used by the same 
participant. A within subject study was organised as a result. Considering the 
influence of affective aspects such as personal traits or mood, which are 
described in section 2.1, the two AEMs and the CTA could not be examined 
between participants.  

In order to counterbalance the potential cognitive influence and prompting factor 
that the SAM may have on the results of the GEW or vice versa, every 
participant used the tools in the same order but the order was alternated within 
subject.  
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Within the study the GEW, SAM and CTA represented the independent variables 
that were compared amongst each other. The dependent variables were number 
of emotional terms used with each method and time of completion. 

4.2.4 Procedure 

Experiment 

Prior to the actual study, the participants were asked to sign a consent form and 
were given a brief introduction to the procedure. When the participants were 
asked to think aloud over the course of tasks they were advised to try to express 
their emotions as clearly as possible.   

The study was conducted and observed by one researcher who was seated next to 
the participant. Six tasks were assigned to the participant to be completed with 
the ÒTravel DeluxeÒ application on the iPhone. After each task was completed, or 
participants signalled that they refused to continue with the assignment, they 
were given both, the SAM and the GEW ratings to fill out after one another. No 
explicit explanation of the tools was provided. The participants were encouraged 
to use the ratings intuitively and express their own interpretations. The researcher 
recorded the completion time of the ratings. After they were completed, the 
sheets were hidden in order to prevent the participant from counting the number 
of interruptions facilitated by the GEW and the SAM. The reason for this 
procedure was the application of the Relative Subjective Count (RSC) at the end 
of the study in which the participants were asked to estimate the number of 
interruptions. Immediately after the tools the next task began (Figure 13). The 
tools were alternated after each task and the participant could not see the 
previously used tool. The order of the tasks was the same for each participant. 

 
Figure 13 Overall procedure of the study  

After all six tasks were completed and the application of the GEW and the SAM 
was finished the participants were interviewed using the post questionnaire. The 
first two RSC questions were asked immediately after the course of the task flow 
and they asked for an estimation of the duration of the study and the number of 
interruptions induced by the conductor. The third question served as a guidance 
to encourage the participants to describe their experience of the study and reflect 
upon the tasks and methods used. Moreover the participants were asked to 
propose their own interpretation of the SAM pictograms. 
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Analysis 

After the study was finished, one set of data could not be used because of an 
insufficient contribution3 from the participant. The remaining data from fourteen 
participants was analysed as follows. The emotional terms of the GEW were 
counted for each individual participant. They were counted within the four high 
level groups of 10 emotional terms associated with the dimensions of pleasant, 
unpleasant, high control and low control (Figure 14). The dimensional grouping 
was expected to provide common ground for the comparative analysis with the 
SAM-data. In addition the average count of terms across all participants was 
calculated for all four sections. 

 

 

Figure 14 The division of the GEW into four dimensions in order to enable an average count of 
emotional terms per dimension selected by the participants.  

For the SAM the dimension of unpleasant to pleasant, calm to aroused, low to 
high control and the corresponding three intermediate levels of pleasantness, 
arousal and control were mapped onto a five-point scale (Figure 15). In order to 
acquire the average rating of the SAM for each task, derived from the 
participantÕs individual ratings, the mean for each dimension was calculated. The 
participantÕs interpretations for the three dimensions were collected and 

                                                
3 The participant decided not to contribute to the study. She was in a hurry and did not verbalise 
any thoughts, which made it difficult to gather any data; it was therefore decided that the 
corresponding findings should be removed from the overall analysis. 
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compared. The first participant did not interpret the tool4, therefore only 13 
interpretations could be analysed. 

 
Figure 15 Numbering and labelling of the SAM  

The recorded audio files obtained from the CTA were transcribed and coded 
focusing on emotional experience. Some sections of the recordings could not be 
written up accurately because the responses were inaudible. One participant 
stated for example the following: ÒIt just came up withÉ which I don«t believe is 
correctÒ. From the accurate transcripts all distinctly mentioned emotional terms, 
such as happy, curious, confused or frustrated (Appendix E), were counted. 
Additionally obvious verbal expressions and voice accentuation such as Ò Oh no, 
that«s no goodÒ were labelled with major emotional terms from an extensive 
taxonomy created by the Geneva emotion research group (Scherer et al., 1986). 
According to the emotion taxonomy by Storm et al. (1987) the explicit and 
interpreted terms were categorized in positive, neutral and negative emotions.  

In order to verify the subjective interpretation, two additional independent coders 
analysed a section of five minutes with the same procedure described above. 
Amongst the three results by different coders the agreement of words was 
counted to establish an indication on how accurate the overall coding by one 
person was. Afterwards the labels were again categorized into positive, neutral or 
negative emotions and counted for each task and for the the overall study (Storm 
et al., 1987; Tullis, 2008; Tenopir, 2008).  

The agreement of exact codes between coders was calculated as follows: if two 
coders agreed on terms in the same section in the taxonomy (Strom et al., 1987), 
there was an agreement of 50%. If all three coders agreed on terms in the same 
section the agreement was 100%. The average agreement for the entire five 
minutes of the transcript was 28,6 % (Table 4). For the categories of positive, 
neutral and negative emotions the average agreement was attained by calculating 
how much percent the six agreed categories relate to the overall number of seven 

                                                
4  The researcher only acknowledged the value and need of interpretation after the first 
participant. 
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responses as a percentage. The agreement of categories reached 85,7 % (Table 
4). 

  Response 
for task 3 

Coder 1 Coder 2 Coder 3 Category 
Agreement 

Code 
Agreement 
(%)  

1 just wondered  worried, 
hesitant 

hesitant confused neutral 
50 

2 Oh no that«s no good. 
Rrrrh 

annoyed, 
frustrated, angry 

unhappy, 
angry 

annoyed negative 
100 

3 Pretty sure it would 
show me the route 

hopeful, 
confident 

none none none 
0 

4 So I am a bit stumped. 
I failed 

stumped disappointed resigned negative 
0 

5 ItÕs bugging me now disappointed, 
doubtful 

disgruntled annoyed negative 
0 

6 It could be anywhere annoyed disappointed annoyed negative 50 
7 I am going to give up 

because I can«t find it 
resigned, 
embarrassed 

hopeless fed up negative 
0 

    

Agreemen
t 85,7 % 28,6 % 

Table 4 All the results of five minutes coding among three researchers - validation of Affective 
Coding (Response participant 3, task 3)  

Furthermore the immediate results from the CTA were compared with the 
number of words selected in GEW.  

In order to gain an insight into the usersÕ perception of the GEW and the SAM, 
the mean ratings of ease of use, remembering emotions felt and understanding 
the representations of emotions were calculated. Additionally the average 
completion time across all participants for the GEW and the SAM was extracted.  
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4.3 Results and Discussion 

In this chapter an account will be provided of the results obtained from the 
experiment described above. The following sections correspond to the proposed 
research questions in section 4.1. Additional findings that proved themselves to 
be of note will be discussed. 

4.3.1 Emotional Terms 

The first hypothesis asked whether the application of AEMs based on self-report 
reveal a broader insight into the participantÕs emotional experience than the 
Concurrent Think Aloud (CTA). The obtained results supported this hypothesis. 
In the context of the CTA the participants were asked to provide emotional 
feedback through verbal expressions throughout the task procedure. The 
dependent variable was the number of emotional terms used verbally and those 
selected from the Geneva Emotion Wheel. These terms were counted across all 
six tasks and compared. The following insights were gained: 

In six tasks only 44 distinct emotional terms (M = 7.44, SD = 3.08) out of seven 
thousand spoken words in an overall study time of 06:08:10 hours were 
expressed amongst all fourteen participants. This accounts for the results of the 
CTA without any interpretation (Appendix E). ÒWithout interpretationÒ refers to 
emotional terms that were explicitly mentioned by the participants. In the next 
step obvious verbal expressions or voice accentuations representing the 
emotional experience that participants went through were then interpreted in 
order to identify further distinct labels of emotion; thus the number of identified 
comments across all tasks related to emotions increased to 271 overall (M = 45.0, 
SD = 15.3).  

In order to distinguish the explicit CTA from the interpreted results, the 
associated data is labelled CTA for the explicit CTA, and CTA INTERPRETED 
for the outcomes of the interpretation, in all following paragraphs and figures.  

A repeated measure ANOVA showed that the application of the GEW had a 
significant effect on the number of emotional terms used by the participants (F 
(2, 10) = 48.317, p < 0.001). As seen in Figure 16, the number of words used 
within the CTA did not reach the measure of the number of selected words 
within the GEW. The GEW attained 349 words in total (M =58.17, SD = 5.27) 
throughout all post-task ratings over a time frame of 01:01:48 hours. The 
pairwise comparison with the Bonferroni correction however showed that the 
271 emotional terms obtained from the CTA INTERPRETED did not differ 
significantly from the GEW (p > 0.05)(Figure 16).  
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Figure 16  A repeated measure ANOVA showed that significantly more emotional terms were 

mentioned with the GEW (F (2, 10) = 48.317, p < 0.001) but the results were similar to 
the CTA INTERPRETED . 

Although the GEW and CTA INTERPRETED elicited a similar number of 
emotional terms the distribution of selected emotional terms in positive, negative 
and neutral categories in individual tasks differed between the tools (APPENDIX 
F). In task four for example the difference between positive and negative 
emotions was notable.  

The results of the GEW indicated that 65.5% (36 words) of the overall emotional 
terms used by the participants (55 words) were positive terms but only 20% (11 
words) were negative terms (Figure 17)5. The difference between positive and 
negative terms was 45.5% (19 words), which may suggest that the participants 
had a very positive experience, whereas the yield CTA INTERPRETED obtained 
36.4% positive terms (20 words) and 27.3% negative terms (15 words) in relation 
to total of 35 terms. Since the difference is only 14.2% it can be assumed that the 
experience was rather neutral (Figure 17).  

One factor has to be acknowledged: the CTA INTERPRETED was based on 
naturally expressed words during the interaction with the mobile phone 
application while the GEW had to be filled out separately, when the participant 
may have been more aware of the observer. It could be possible that the 
participant felt more reluctant to select negative emotional terms, as per the 
ÒSocial Desirability BiasÒ described in section 2.1.4. Nevertheless the results 
show that the standard application of the CTA cannot provide insights into 
participantÕs emotional responses as quick and efficiently as the Geneva 
Emotion.  

                                                
5 The remaining 14.5% were neutral terms (8 words). The overall distribution for the GEW and 
the SAM can be found in APPENDIX F. 
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Figure 17 Distribution of positive and neutral terms for CTA INTERPRETED AND GEW for 

task 4. 

4.3.2 Effect of Prompting 

The second hypothesis assumed that once the participants used the Geneva 
Emotion Wheel after the first task the presented emotional terms were applied 
more frequently in the CTA during the remaining five tasks. This could not be 
supported in this study.  

During every task the number of words related to emotions was generally limited 
with an average of 3.1 precise words (3.7%, SD = 3.9) in approximately 83 
spoken words per task6.  After the first task, a mean of 0.03 emotional words (SD 
= 0.07) matching those on the GEW were used in the CTA. Since the numbers 
for mean and standard deviation are marginal it suggests that almost no 
emotional terms from the GEW were reused in the subsequent verbal comments. 
Moreover a calculation of the correlation co-efficient for the correlation between 
the number of explicit emotional terms used during the CTA and the number of 
emotional terms selected with the GEW after each task revealed no correlation 
(R! = 0,0061) (Figure 18). 

                                                
6 Divided the overall number of conventional words by the number of tasks and participants. 
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Figure 18 The correlation co-efficient (R! = 0,0061) suggests that there is no correlation between 

the number of explicit emotional terms used during the CTA and the number of 
emotional terms selected with the GEW after each task.  

The results for the CTA also show that the number of emotional terms decreases 
after the first task (Figure 19). Against the assumption that the decrease may be 
related to a decrease in time, the coefficient of correlation (R!=0.39835) between 
time and number of emotional terms (Figure 20) indicates that the decrease of 
words is not related to the decrease in time. It is possible that an increasing 
familiarity with the mobile phone application may cause a decrease of emotional 
terms because the features of the application become progressively clearer. The 
decline of emotional responses over time is described by Frijda, who refers to the 
Òlaw of habituation; continued pleasures wear off; continued hardships lose 
their poignancyÒ (1988).  

 
Figure 19 Distribution of positive, neutral and negative terms for the CTA over all six tasks. 
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Figure 20 Correlation of time per task and emotional terms used (R!=0,39835) 

In contrast to hypothesis 2, which predicted that participants would use the 
precise terms learned from the GEW, they applied very different expressions. 
Those terms mentioned such as frustrated or curious (Appendix E) could 
potentially be listed under the categories on the GEW. However they do not 
match any term accurately; therefore in this study the prompting effect of the tool 
cannot be confirmed. It begs the question though, whether the GEW does not 
contain the right terminology for the application with a mobile phone application. 

4.3.3 Reaction and Perception 

It was hypothesised that the application of the GEW and the SAM in the same 
situation delivers different outcomes, because of the different focus on appraisal 
versus bodily experience, and that one of them would be preferred significantly 
over the other. The results of this study support this assumption. 

The first obvious observation was that the range of the emotional experience, 
described with the GEW, often included opposing emotional terms. With the 
GEW one participant rated the experience of a task with ÒEnjoyment and 
PleasureÒ but also ÒDisappointment and RegretÒ, which are on complete 
opposite sides of the circle (Figure 21). The GEW revealed a richer variety of 
emotional experiences in comparison to the SAM. This supports the concept of 
humans experiencing mixed emotions and that it is insufficient to limit the 
complex experience to one selection 
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Figure 21 Participant were able to select opposing emotional terms with the GEW. It was 

assumed by the author that the two underlying dimensions could be compared with the 
SAM. The analysis of results suggested differently.  

The advantages of the GEW are also supported by the results of the ratings of 
both tools (Figure 25) in which the participants rated the ease of use and 
comprehension of the GEW significantly higher than the SAM. This suggests 
that the participants found it difficult to describe their emotions with the SAM. 
Isomursu et al. (2007) who also compare AEMs support this finding by stating 
that: Òthe SAM scales were not easy to interpret for test usersÒ.  

What is not considered in this study but should be mentioned is the intensity 
rating within the GEW (increasing circles; Figure 21). The SAM allows rating on 
a five-point scale from pleasant to unpleasant, but does not offer an intensity 
estimation of the emotional experience. The SAM may therefore reveal that a 
product is perceived as unpleasant, whereas the GEW with its additional intensity 
rating could further indicate that they were only slightly disappointed. The 
combination of emotional terms and intensity ratings in the GEW therefore 
provides a more detailed description of emotional experience than the SAM.    

The original intention of the author was to compare the direct ratings provided by 
the GEW and the SAM in order to analyse quantitative differences and 
commonalities within the two dimensions of valence and dominance. Throughout 
the analysis process it became clear that the results of the GEW were too 
diversified in order to simply map them onto the simpler rating results of the 
SAM. Two dimensions of valence and dominance within the GEW had to be 
divided into opposing groups (pleasant and unpleasant; high control and low 
control); thus two set of numbers for each dimension (Figure 22) had to be 
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compared with the simple five point scales of valence and dominance in the 
SAM (Figure 23). There are three main reasons why the author considers the 
direct comparison of data from the GEW with the SAM not possible: 

1. Neglecting the discrete emotional terms and intensity rating in favour of a 
dimensional comparison does not serve the purpose of the GEW 

2. Based on the literature (Scherer, 2005) the GEW only allows for two 
dimensions (valence and dominance). The dimension of arousal, which is an 
important part of the SAM related to physiological experiences, would be 
ignored. 

3. Both methods are originally related to different theories of how emotions are 
elicited. While GEW concentrates on the appraisal process and verbal 
expressions the SAM aims to focus on the mapping of bodily experiences. A 
direct comparison of data obtained from both tools does not embrace their 
potential to report these different responses.  

 
Figure 22 GEW: the number of selected terms in the dimension of pleasant and unpleasant 

(Figure 14) The rating of intensity within the GEW for individual terms was ignored in 
this study. 

   
Figure 23 SAM ratings of valence (1 = unpleasant; 5 = pleasant). Due to the dimensional 

structure, which included one rating per dimension, these ratings could not be 
compared to the two-sided results obtained from the GEW. 
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Interpretations of GEW and SAM 

When comparing the usersÕ perception of the GEW and the SAM it is important 
to consider the design of each tool. Given that the GEW provides a set of distinct 
terms, it appeared that the participants are less likely to think outside of the 
presented labels. Only 21% of the participants added terms to Òother emotion 
feltÒ.  Since the SAM was not labelled the users could apply their personal labels 
to the three dimensions. The interpretations proposed by the participants in this 
study varied considerably. While valence was collectively perceived as a scale 
from happy to sad, Figure 24 demonstrates the diversity of labels allocated to the 
scale of arousal and dominance.  

 
 

 
 

1st Row 
(Valence) 

2nd Row 
(Arousal) 

3rd Row 
(Dominance) 

1 Happy/Sad Confused Confident 

2 Happy/Sad Involved Control 

3 Happy/Sad Worried, Anxious, Frustrated Proud 

4 Happy/Sad Interested Bothered 

5 Happy/Sad Anxious, Angry Bored 

6 Happy/Sad Excited Calm 

7 Happy/Sad Distressed Magnitude of the other rows 

8 Happy/Sad Calm And Agitated Accomplished, Big as person 

9 Happy/Sad Stressed Inferior/Superior 

10 Happy/Sad Calm/Worried Confident 

11 Happy/Sad Hopeful/Frustrated Empowered 

12 Happy/Sad Anxious Proud 

13 Happy/Sad Calm/Excited How positive I feel 
(Confidence) 

Figure 24 Since no further instructions were given to the participants, 13 participants provided 
their own interpretation of the three rows of the SAM, which indicate valence (1.row), 
arousal (2.row) and dominance (3.row). 
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The terms dedicated to the second row, which according to the developers of the 
SAM represents arousal (Bradley et al., 1994), cover a more neutral to negative 
spectrum (Storm et al., 1987).  Whilst levels of arousal characterise both negative 
and positive experiences (Russel, 1980) the term Excited, which can embrace 
both sides, was only mentioned twice. For the third row, which depicts 
dominance, the interpretations fluctuate but the labels derive mostly from related 
categories, such as Confident, Proud, Control and Superior (Storm et al.1987).  

Overall the interpretations suggest that when the participants create their own 
meaning of the dimensions within the SAM, the ratings may also have different 
connotations and therefore have to be analysed on individual grounds. 
Considering the intention of the SAM as an intuitive tool without verbal 
language (Morris, 1995) results across participants could hardly be compared. It 
is therefore understandable that former experiments that apply the SAM, 
including papers by the founder Lang provide common instructions to the 
participants about the meaning of the dimensions (Hodes et al.; 1985; Bradley et 
al., 1994; Lang et al., 1997; Suk, 2006). However, a description of the 
pictograms contradicts the original intention to avoid verbal interventions.  

Rating of GEW and SAM 

The Likert-scale ratings, of the GEW and the SAM in the post questionnaire, 
supported hypothesis 3. Participants preferred one tool to the other (Figure 25). 
For the question of how much they agreed with the statement that the tools were 
easy to use on a five-point scale the GEW received an average rating of M = 3.6 
(SD = 1.16) and the SAM M= 2.4 (SD = 0.84) across all participants. A one-
tailed t-test (p < 0.05) indicated that the GEW is significantly easier to use in 
comparison to the SAM.  

In terms of how easy it was to remember the emotions experienced during 
interaction, no significant difference between the tools was found (one-tailed t-
test: p > 0.05; GEW: M = 3.5; SD = 1.28; SAM: M = 3.3; SD = 0.80). The most 
significant difference between the two tools could be identified in the third 
Likert-scale, which asked how easy it was to understand the presented 
words/characters in the two tools. The GEW received significantly higher ratings 
with M =4.6 (SD = 0.63) compared to the SAM with only M = 2.6 (SD = 1.34) 
for comprehensiveness (one-tailed t-test: p < 0.001).  
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Figure 25 Likert -scale rating of GEW and SAM for ease of use (p<0.05), remembering emotions 

(p>0.05) and comprehensiveness (p<0.001) 

Overall the participantsÕ subjective opinion assigned higher average ratings to the 
GEW across all three ratings (M =3.9; SD = 0.6 versus M= 2.8; SD = 0.5 for the 
SAM; p > 0.05). Although the difference is not significant it contradicts the 
claim made in the paper by Morris (1995) that participants have reported greater 
interest in the SAM over verbal self-reports. Nevertheless, considering the 
context in which the tools were applied in the present study, the GEW was also 
criticised by the participants. The two following quotes, obtained from the 
transcriptions of the post-questionnaire, reflect the general perception of the 
GEW:  

ÒI don«t know what these emotions have to do with an application like this?Ò 

ÒThe range of emotions did not quite capture how I feel about a piece of 
softwareÓ 

The comments agree with the assumption under section 4.3.2 that the GEW may 
not contain the right terminology for the application with a mobile phone and 
that it needs to be modified according to the stimulus and the context of 
assessment.  

The Relative Subjective Count indicated that both AEMs in the procedure of the 
usability study did not seem to cause stress or frustration (Picard 2005). The 
corresponding data showed that the number of interruptions after every task 
induced by the tools was mostly underestimated. The mean of the estimated 
interruptions among all participants was 4,6 (SD = 0,92), which a one-tailed t-
test revealed to be significantly lower compared to the actual six interruptions 
which occurred in the study (p < 0.001). This indicates that the interruptions 
were not perceived as disturbances in the study procedure. 
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Completion time for GEW and SAM 

Although the Geneva Emotion Wheel was perceived more positively than the 
Self Assessment Manikin the completion time was significantly longer (p < 
0.001) (Figure 26). It took the participants on average twice as long to complete 
the GEW (M = 00:44 min; SD = 0.00021 min) as opposed to the SAM (M = 
00:21 min; SD = 0.00013 min). It was observed that the reading of the discrete 
terms on the GEW added time to the duration of rating. However, despite the fact 
that the completion time for the SAM was shorter, the statement posed by Morris 
(1995) that it would take less than 15 seconds could not be confirmed.  

Over the course of the study the completion time decreased for both tools. The 
increasing familiarity with the tools was interpreted as the main reason. From the 
average overall study duration of M = 22:43 min per participant (SD = 10:96 
min), 04:25 minutes on average (SD = 0.00174), which accounts for 19% of the 
total study time, were used for the completion of the GEW. On the other hand the 
mean completion time for the SAM was only 02:03 minutes (8%; SD = 0.00082). 
In a time constricted industrial environment it may be an important aspect to 
consider when planning a research study.  

  
Figure 26 Average completion time for the GEW and the SAM after every task. The SAM took 

significantly less time. 
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5 GENERAL DISCUSSION AND CONCLUSION  

5.1 Summary of Findings  

This study investigated an array of affective evaluation methods (AEMs) based 
on scientific literature. It established a ranking system that made it possible to 
filter eleven AEMs in the context of industrial requirements for usability studies. 
Within the structure of commercial usability studies the practicality of two 
distinct methods was examined, resulting in valuable insights into their strengths 
and weaknesses.  

Against the background of emotion science, it became apparent that the 
assessment of emotions is a difficult undertaking that requires the consideration 
of numerous variables. These may range from the definition of terminology that 
researchers want to consider to the type of response they want to record (i.e. self-
report or physiological); to the circumstances in which a study takes place. The 
main assumption that people generally have difficulty reporting experienced 
emotions could be verified. The results also supported that AEMs encourage a 
more elaborate report of the emotional experience. 

Comparison of Methods 

None of the eleven methods, explored in this study currently have the potential to 
encompass all of the proposed criteria. Targeting appraisal and body perception 
at the same time, or measuring physiological responses that convey reliable and 
easy to interpret data, is barely possible with current measures. One of the central 
findings of this research project was thus the benefit of triangulation. By 
combining two AEMs, verbal self-report and physiological measures for 
example; more emotional responses can be covered. This supports a statement 
posed by Picard et al. (2001): ÒAffect recognition is most likely to be accurate 
when it combines multiple kinds of signals from the user and information about 
the users context, situation, goals and preferencesÒ. However, considering the 
constraints of industrial environments researchers have to set priorities and 
evaluate the time and costs available before selecting a combination of methods.  

The structured filtering of methods with industrial requirements in ÒStudy OneÒ 
demonstrated how it is possible to find appropriate methods if requirements are 
defined. In this regard it was possible to extract the Geneva Emotion Wheel 
(GEW) and the Self Assessment Manikin (SAM) for further practical evaluation. 
The method matrix provides a framework that supports industrial researchers in 
their choice of method (APPENDIX C).  In connection with the matrix a 
structural procedure such as described in ÒStudy OneÒ can be easily repeated for 
any context and bring out AEMs that meet the requirements of a planned 
usability study.  
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Emotional Terms 

The assumption that the GEW reveals a broader insight into the participantÕs 
emotional experience than the well-practiced usability testing method of 
Concurrent Think Aloud (CTA) was confirmed by the number of emotional 
terms obtained from each method. The results suggest that the direct CTA only 
reveals a small fraction of the amplitude of emotions that can be examined with 
the GEW. It needs to be considered though that the role of the CTA is to 
naturally encourage the report of the user experience during the interaction with a 
system while GEW is an administered AEM that requires separate commitment. 
The reliability of the results from the GEW, which is applied after the overall 
study, may be questionable due to the required effort in recalling the experience 
during the tasks. This study however applied the GEW after every single task in 
order to reduce this effort.  

Nevertheless if  the CTA is further interpreted using affective coding, a similar 
number of emotional terms to the GEW can be obtained (Figure 16). 
Acknowledging effort, time and resources required to analyse the CTA 
INTERPRETED, however, the GEW performs considerably better. This was also 
be supported by the comparison in the method matrix (APPENDIX C). For a 
business driven environment the use of the GEW to assess emotions provides a 
better benefit/cost ratio than the CTA INTERPRETED.  

It has to be considered that the GEW only evaluates self-reported emotions based 
on the userÕs appraisal process. User bias may therefore influence the validity of 
results. The author noticed during the study that participant personalities have a 
certain impact on the ease which a person can verbalise the emotional experience 
(Oatley et al., 2006). This is an influence that cannot be changed but definitely 
needs to be considered. 

Characteristics of Methods 

Contrary to the expected prompting effect of the GEW, the associated emotional 
terms within the tool were not applied more frequently in the CTA. For the 
application within industry this indicates that a negative influence of the GEW on 
the Concurrent Think Aloud as the traditional usability testing method should not 
be expected. Due to the small number of participants this finding could 
potentially be confirmed in an experiment on a bigger scale.  

One specific criticism of the GEW is related to its employment in the context of 
a mobile phone application. The experiment suggests that the current design of 
the GEW does not reflect emotions elicited by a software application. This is 
supported by the fact that emotional terms presented within the GEW were 
hardly used in the CTA during the interaction with the application (section 4.3.2) 
as well as explicit quotes by the participants (section 4.3.3). The categories of 
emotional terms in the GEW were developed based on the creatorÕs judgement 
(Scherer, 2005). In this respect a revision of the tool for different contexts of use 
is advised.   
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Although the GEW posed the aforementioned weakness, the SAM was perceived 
more negatively. Since this study did not provide instructions for the 
corresponding pictograms of SAM, users found it difficult to describe their 
emotional experience with the tool. The interpretation of results appeared 
subsequently rather obscure and the researcher experienced doubt in the 
reliability of the gathered data.  

In this matter it appears reasonable to provide instructions, as previous studies 
have done (Hodes et al.; 1985; Bradley et al., 1994; Lang et al., 1997; Suk, 
2006). However, this leaves the author of this study questioning whether the 
SAM can really be described as a non-verbal self-report that focuses on bodily 
experience and avoids verbalization of emotions (Suk, 2006)?  

Comparing Results of the GEW and the SAM  

As described in the results section, direct comparison of the GEW and the SAM 
was not possible. Due to the three reasons mentioned in section 4.3.3 the author 
realised that a computable comparison of affective evaluation methods on the 
detailed level of the quantitative data obtained is inadvisable.  

An investigation that was possible and which supported hypothesis 2 was the 
userÕs perception of the tools. The GEW was subjectively preferred over the 
SAM, which contradicts a finding made by Morris (1995), which suggests that 
the SAM was preferred over verbal self-reports. In the corresponding article 
Morris did not mention, which method the SAM was compared to. The results 
presented in this work only account for the comparison of the SAM with the 
GEW.  

Methodological concerns 

Generally the RSC, which was employed for the overall study, suggests that from 
the participantsÕ point of view the structure of the study did not cause any 
discontent. However, a few methodological concerns need to be raised from the 
researcherÕs perspective.  

Admittedly this study may have been negatively influenced by different factors. 
In order to gain a coherent picture of the experiment a few issues need to be 
considered. First of all, due to time constraints this study was only conducted 
with 14 participants, which is a small number that makes it difficult to capture 
significant quantitative data. Nevertheless the presented findings provide an 
indication of the difficulties participants experience when asked to express 
emotions, the applicability of AEMs in an industrial context and the attitude of 
participants towards GEW and SAM. 

Furthermore the different environments in which the study was conducted may 
have influenced the comparability of results. In terms of time recordings it also 
needs to be considered that the time was recorded manually; hence, the accuracy 
of the data relied on the limited abilities of the conductor. Running the study with 
only one researcher, who had to control the entire procedure, required a few 
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compromises in parts of the study. If the study were to be conducted again the 
author would aim to automate the time recordings and link it to the tested 
application. In addition at least one further researcher would be employed in 
order to assure a reliable course of procedure. 

This study employed a commonly used iPhone mobile application as the means 
to examine participantÕs emotional experience. Questions were raised as to why 
an ordinary application was selected. The answer to this question is easy: most 
digital products do not elicit strong emotional response. This statement could be 
confirmed by the results from the Concurrent Think Aloud. Only 44 words in 
7000 conventional words overall were emotional terms. However, companies 
that develop simple everyday products are also interested in how to design for a 
better user experience. As the results of this study show then, it is essential to 
improve or modify methods in order to suit these circumstances.  

Another aspect that needs to be discussed is the application of SAM. Due to the 
lack of instructions participants were able to apply their own interpretations. As 
evident from the results, these interpretations varied to a large extent, especially 
for the two rows of arousal and dominance (Figure 24). In the analysis process 
this study treated all of the participantsÕ SAM ratings equally. Considering the 
diverse interpretations of pictograms, this is perhaps methodologically 
disputable. However, the tendency towards positive, negative or neutral emotions 
could be clearly identified and allowed for a more general comparison. 
Furthermore the experiment proved that instructions are necessary in order to 
conduct a legitimate study (Suk, 2006).  

5.2 Implications 

This research project provides a confirmation of the added value that AEMs 
bring to a commercial usability study. Emotions are assessed more effectively 
when integrating methods such as the GEW or the SAM, because they are 
specifically designed to address emotional responses. They encourage 
participants to report emotions, which they find difficult to report otherwise. It 
should be noted, however that this may also be the toolsÕ weakness, since it is not 
clear yet whether these reports represent the actual emotional experience 
(Plutchik, 2003). It was shown that the affective coding of the CTA is an 
alternative to the GEW and the SAM, but it requires more time and resources 
that industry may not be able to spare.  

This study reveals the complexity of emotion science and exposes additional 
questions that need to be answered in the future in order to improve and redesign 
existing AEMs. Since this dissertation focused mainly on self-reports the 
advantages of physiological measures could not be thoroughly presented. Though 
they should not be ignored. Especially since they may represent a notable 
alternative to self-reports in the future when considering the fast improvement of 
measuring systems (Calvo et al, 2010). 

The discussions in this document have the potential to convince industrial 
companies to integrate AEMs in their product research activities. Industry can 
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reuse the method matrix (APPENDIX C) for any required context to simplify a 
selection among methods. In this dissertation, the matrix yielded two methods, 
which enabled the researcher to successfully assess emotional responses in a 
usability study.  

5.3 Future Work  

Since the time frame of this dissertation only allowed for the inspection of eleven 
AEMs it would be interesting to integrate further methods into the comparisons. 
It was also only possible to evaluate two AEMs in more detail. In the future the 
author would attempt to broaden the investigation and to test a larger number of 
participants.  

One aspect of this study to note was the interpretation of the SAM. In this 
context the author would be keen to explore the difference between a group that 
was left with their own interpretations and a group of participants that is given 
detailed instructions about the meaning of the pictograms. Maybe the instructions 
are not necessary and the tool can literally be used as a non-verbal self-report. 
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APPENDIX 

A.  Eleven affective evaluation methods extracted from 21 sources of 
literature  

 

Method Reference 

Verbal Self Report 

Geneva Emotion Wheel Scherer, K.R., 2005. What are 
emotions? And how can they be 
measured? Social Science Information, 
44(4), S.695. 

Russell, J. A. 1980. A circumplex model 
of affect , Journal of personality and 
social psychology 39 (6): 1161 

Repertory Grid Technique Fallman, D. & Waterworth, J., 2005. 
Dealing with user experience and 
affective evaluation in hci design: A 
repertory grid approach. In Workshop 
Paper, CHI. S. 2Ð7. 

Concurrent Think Aloud Sharp, H., Rogers, Y., Preece, J., 
(2007), Interaction Design: Beyond 
Human-Computer Interaction 2nd 
Edition, Wiley, p.389 

Norgaard, M., und K. Hornbaek. 2006. 
What do usability evaluators do in 
practice?: an explorative study of think-
aloud testing. In Proceedings of the 6th 
conference on Designing Interactive 
systems, 209Ð218. 

Self Reports Based on Behavioural Representations 

PrEmo Desmet, P.M.A., 2003. Measuring 
emotions. Funology: from usability to 
enjoyment, S.111Ð123. 

Self Assessment Manikin Bradley, M.M. & Lang, P.J., 1994. 
Measuring emotion: the self-assessment 
manikin and the semantic differential. 
Journal of behavior therapy and 
experimental psychiatry, 25(1), S.49Ð
59. 

Grimm, Michael, und Kristian 
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Kroschel. 2005. Evaluation of natural 
emotions using self assessment 
manikins (November 27), Automatic 
Speech Recognition and Understanding, 
2005 IEEE Workshop on 

Isomursu, M. u. a., 2007. Experimental 
evaluation of five methods for 
collecting emotions in field settings 
with mobile applications. International 
Journal of Human-Computer Studies, 
65(4), S.404-418. Available at: 
[Zugegriffen Juni 3, 2011]. 

Lang, P.J., Bradley, M.M. & Cuthbert, 
B.N., 1997. International affective 
picture system (IAPS): Technical 
manual and affective ratings. NIMH 
Center for the Study of Emotion and 
Attention. 

Suk, H.J., 2006. Color and Emotion-a 
study on the affective judgment across 
media and in relation to visual stimuli. 
UniversitŠtsbibliothek. 

 

Sensual Self Report 

Sensual Self Report Isbister, K., K. Hššk, J. Laaksolahti, 
und M. Sharp. 2007. ãThe sensual 
evaluation instrument: Developing a 
trans-cultural self-report measure of 
affectÒ. International journal of human-
computer studies 65 (4): 315Ð328. 

Hššk, K., Isbister, K. & Laaksolahti, J., 
2006. Sensual evaluation instrument. In 
Proc CHI Ô06. 

Recall Self Report 

Relative Subjective Count Picard, R.W. & Daily, S.B., 2005. 
Evaluating affective interactions: 
Alternatives to asking what users feel. 
In CHI Workshop on Evaluating 
Affective Interfaces: Innovative 
Approaches. 
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Cued Recall Debrief Bentley, T., Johnston, L. & von Baggo, 
K., 2005. Evaluation using cued-recall 
debrief to elicit information about a 
userÕs affective experiences. In 
Proceedings of the 17th Australia 
conference on Computer-Human 
Interaction: Citizens Online: 
Considerations for Today and the 
Future. S. 1Ð10. 

Bio Sensors 

Galvanic Skin Response Measure Picard, R.W. & Daily, S.B., 2005. 
Evaluating affective interactions: 
Alternatives to asking what users feel. 
In CHI Workshop on Evaluating 
Affective Interfaces: Innovative 
Approaches. 

Picard, R.W., Vyzas, E. & Healey, J., 
2001. Toward machine emotional 
intelligence: Analysis of affective 
physiological state. IEEE transactions 
on pattern analysis and machine 
intelligence, S.1175Ð1191. 

Haag, A. u. a., 2004. Emotion 
recognition using bio-sensors: First 
steps towards an automatic system. 
Affective Dialogue Systems, S.36Ð48. 

Expression Measure 

Video Based Facial Expression 
Recognition System  

Calvo, R.A. & DÕMello, S., 2010. 
Affect detection: An interdisciplinary 
review of models, methods, and their 
applications. IEEE Transactions on 
Affective Computing, S.18Ð37. 

Picard, R.W., Vyzas, E. & Healey, J., 
2001. Toward machine emotional 
intelligence: Analysis of affective 
physiological state. IEEE transactions 
on pattern analysis and machine 
intelligence, S.1175Ð1191. 

Bartlett, M.S. u. a., 2003. Real Time 
Face Detection and Facial Expression 
Recognition: Development and 
Applications to Human Computer 
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Interaction. 

Kapoor, A., Qi, Y. & Picard, R.W., 
2003. Fully automatic upper facial 
action recognition. 

Combined Methods 

AMUSE Chateau, N. & Mersiol, M., 2007. 
AMUSE: A tool for evaluating affective 
interfaces. Unpublished paper. 
Retrieved on, 15. 

 
 

  



 77 

B. Table: Facial Expressions Analysis for Affect Recognition (Calvo et al., 
2010) 

 
Study Signal Classifier Model Evaluatio

n 
Stimulus 

R. El Kaliouby and P. 
Robinson, ÒReal-Time 
Inference of Complex 
Mental States from Facial 
Expressions and Head 
Gestures,Ó Proc. 
IntÕl Conf. Computer 
Vision and Pattern 
Recognition, vol. 3, p. 154, 
2004. 

Face 
expressions 
and head 
movements 

DBN (real 
time) 

6 
categories 

3rd: 10 
annotators 

Acting 

M.S. Bartlett, G. 
Littlewort, M. Frank, C. 
Lainscsek, I. Fasel, and J. 
Movellan, ÒFully 
Automatic Facial Action 
Recognition in 
Spontaneous 
Behaviour,Ó Proc. IntÕl 
Conf. Automatic Face and 
Gesture 
Recognition, pp. 223-230, 
2006. 

Face Gabore 
wavelets/ 
SVM, Ada 
Boost, LDA 

20 AU 
 
 

3rd (2 
FACS 
coders) 

Self (false 
opinion + 
other) 

M. Pantic and I. Patras, 
ÒDynamics of Facial 
Expression: 
Recognition of Facial 
Actions and Their 
Temporal Segments from 
Face Profile Image 
Sequences,Ó IEEE Trans. 
Systems, Man, and 
Cybernetics, Part B: 
Cybernetics, vol. 36, no. 2, 
pp. 433-449, Apr. 
2006 

Face Temporal 
rules 

27 AU 3rd: 2 
FACS 
coders 

Self 

H. Gunes and M. Piccardi, 
ÒBi-Modal Emotion 
Recognition from 
Expressive Face and Body 
Gestures,Ó J. Network and 
Computer 
Applications, vol. 30, pp. 
1334-1345, 2007. 

Face, body C4.5, BN 
(fusion) 

6 
categories 

1 Self 

B. McDaniel, S. DÕMello, 
B. King, P. Chipman, K. 
Tapp, and A. 
Graesser, ÒFacial Features 
for Affective State 
Detection in 
Learning Environments,Ó 
Proc. 29th Ann. Meeting of 
the Cognitive 
Science Soc., 2007. 

Face 33 AU/ DA 6 
categories 

1st + 3rd (2 
FACS 
coders) 

ITS 
interactions 
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C. Method Comparison Matrix 
!

MATRIX OF 
METHODS VERBAL SELF REPORT 

SELF REPORTS BASED 
ON BEHAVIORAL 
REPRESENTATIONS RECALL SELF REPORT 

SENSUAL 
SELF REPORT 

PHYSIO- 
LOGICAL 
MEASURES 

EXPRESSION 
MEASURE 

COMBINED  
MEASURES 

  

Tenopir et al. 
(2008), Ramey 
(2006) 

Fallman 
(2005) 

Scherer 
(2005) 

Desmet 
(2003), 
Isomursu 
(2007) 

Bradley (1994), 
Grimm (2005), 
Isomursu (2007), 
Lang et al. 
(1997),  
Suk (2006) Picard (2005) 

Bentley 
(2005) 

Isbister (2007), 
Hššk (2006) 

Picard (2005), 
Picard 
(2001),Haag 
(2004) 

Picard 
(2001),Kapoor 
(2003), Bartlett 
(2003),          
Calvo et al. 
(2010) Chateau (2007) 

  Concurrent
Think A loud 
with 
affective 
coding  

Repertory 
Grid 
Technique  

Geneva 
Emotion 
Wheel  PrEmo  

SAM (Self -
Assessement
-Manikin ) 

Relative 
Subjective Count 
(time and 
interr uptions)  

Cued 
Recall 
Debrief  

Sensual 
Evaluation 
Instrument 
(Shapes) Biosensors  

Facial 
Recognition 
with Video  AMUSE 

  
1. How does the method evaluate 
emotions?                        

Bradley (1994) Self report X X X X X X X X 
   

Desmet (2003) 
Physiological 
Measurement         

X 
 

X 

Desmet (2003) 
Expression 
Measurement          

X X 

Desmet (2003), 
Isbister (2007) 

Behaviour 
assessment        

X 
  

X 

Bradley (1994) 
Subjective by 
Participant X X X X X X X 
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Concurrent
Think A loud 

with 
affective 
coding  

Reper tory 
Grid 

Technique  

Geneva 
Emotion 
Wheel  PrEmo  

SAM (Self -
Assessement

-Manikin ) 

Relative 
Subjective Count 

(time and 
interruptions)  

Cued 
Recall 
Debrief  

Sensual 
Evaluation 
Instrument 
(Shapes) Biosensors  

Facial 
Recognition 
with Video  AMUSE 

Tenopir et al. (2008) 
Subjective by 
Interpreter X 

      
X X X X 

Haag (2004) Objective 
        

X X X 

!
            

  
2. What Material is needed for the 
evaluation?                        

Benedek (2002), 
Bradley (1994) Paper X X X 

 
X 

      

Desmet (2003),  
Interactive 
Software on 
Computer  

X X X X 
 

X 
    

Picard (2005), Isbiter 
(2007) 

Special 
Equipnment + 
software + 
computer  

       
X X X X 

  
3. How are the emotions evaluated?             

Benedek (2002)  
Distinct 
emotions 
(words) 

X 
 

X 
        

Benedek (2002)  

Tools (images 
etc) that let the 
user describe 
the emotion 

 
X 

  
X 

 
X X 
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Concurrent
Think Aloud 

with 
affective 
coding  

Repertory 
Grid 

Technique  

Geneva 
Emotion 
Wheel  PrEmo  

SAM (Self -
Assessement

-Manikin ) 

Relative 
Subjective Count 

(time and 
interruptions)  

Cued 
Recall 
Debrief  

Sensual 
Evaluation 
Instrument 
(Shapes) Biosensors  

Facial 
Recognition 
with Video  AMUSE 

Desmet (2003)  

Tools that 
represent 
distinct 
emotions 

   
X X 

      

Desmet (2003), 
Isbister (2007) 

Abstract 
portrayal 
(irrelevant info 
reduced) 

   
X X 

  
X 

   

Picard (2005) Open Question X 
    

X X 
 

X X X 

Picard (2005) Arousal state 
        

X 
 

X 

4. What products can be evaluated?                        

Desmet (2003) 
Physical 
Product  X X X 

 
X 

  
X X X 

 

Benedek (2002)  
Interactive 
Product on 
computer  

X X X 
 

X X X X X X X 

Fallman (2005) 
Interactive 
Product on 
mobile phone 

X X X 
 

X X X X X X 
 

Scherer (2005) Images X X X X X 
  

X X X X 
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Concurrent
Think Aloud 

with 
affective 
coding  

Repertory 
Grid 

Technique  

Geneva 
Emotion 
Wheel  PrEmo  

SAM (Self -
Assessement

-Manikin ) 

Relative 
Subjective Count 

(time and 
interruptions)  

Cued 
Recall 
Debrief  

Sensual 
Evaluation 
Instrument 
(Shapes) BIOSENSORS 

Facial 
Recognition 
with Video  AMUSE 

  
5. What special requirements does 
it serve?  

           

Desmet (2003)  
Cross cultural 
studies   

X X X X X X X X X 

Hššk (2006) 
Field studies 
(portable/ 
durable) 

X 
    

X 
  

X 
  

  
6. At what time during the study is 
the method applied?  

           

Haag (2004) During the study X 
 

X 
    

X X X X 

Benedek (2002), 
Picard (2005), 
Isomursu (2007), 
Ramey (2006) 

After the study X 
 

X 
 

X X X 
    

Fallman (2005) It is the study 
 

X 
 

X 
       

  
7. How long is the evaluation 
process?  

           

Benedek (2002), 
Picard (2005), 

Within a lab 
study (45mins -
1.30hr) 

X X X X X X X X X X X 
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Concurrent 
Think Aloud 

with 
affective 
codin g 

Repertory 
Grid 

Technique  

Geneva 
Emotion 
Wheel  PrEmo  

SAM (Self -
Assessement

-Manikin ) 

Relative 
Subjective Count 

(time and 
interruptions)  

Cued 
Recall 
Debrief  

Sensual 
Evaluation 
Instrument 
(Shapes) BIOSENSORS 

Facial 
Recognition 
with Video  AMUSE 

Picard (2005) One day 
     

X 
  

X 
  

Picard (2001)  Several days 
        

X 
  

  
8. What is the form of the collected 
data?             

Fallman (2005) Keywords 
 

X X X X 
  

only the 
associated 

emotions and 
additional 

feedback from 
user 

  
X 

Bentley (2006) 
Long qualitative 
answers X 

     
X 

 
X X 

Fallman (2005) Single numbers 
 

X X 
  

X 
     

Chateau (2007)  
Great number of 
quantitative 
data         

X 
 

X 

  
9. What are the costs?                        

Bradley (1994) 
Can be self 
made X X X 

 
X X X 

specifically 
created shapes, 
not easy to be 
self made and 

difficult to 
purchase 

   

Desmet (2003)  
Needs to be 
purchased    

X 
   

X X X 

Bradley (1994) Cheap  X X X 
 

X X X 
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Concurrent 
Think Aloud 

with 
affective 
coding  

Repertory 
Grid 

Technique  

Geneva 
Emotion 
Wheel  PrEmo  

SAM (Self -
Assessement

-Manikin ) 

Relative 
Subjective Count 

(time and 
interruptions)  

Cued 
Recall 
Debrief  

Sensual 
Evaluation 
Instrument 
(Shapes) BIOSENSORS 

Facial 
Recognition 
with Video  AMUSE 

Desmet (2003)  
http://www . 
premo-online.com/  

Expensive 
 (500 +)    

X 
    

X more info 
necessary X 

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

Benedek (2002)  
Adding 
emotions  

X 
     

X 
   

Isomursu (2007) 
Adapting 
material to test 
context  

X X 
   

X 
 

X 
   

  
11. How  is the analysis of data 
conducted?             

Fallman (2005) Long X X 
    

X X X X X 

Bradley (1994) Short 
  

X X X X 
    

 
 

Bradley (1994) 
Direct 
Interpretation 
(easy)  

X X X X 
      

Bentley (2005) 
Extensive 
Interpretation 
(difficult) 

X 
     

X X X X X 
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Concurrent 
Think Aloud 
with 
affective 
coding  

Repertory 
Grid 
Technique  

Geneva 
Emotion 
Wheel  PrEmo  

SAM (Self -
Assessement
-Manikin ) 

Relative 
Subjective Count 
(time and 
interruptions)  

Cued 
Recall 
Debrief  

Sensual 
Evaluation 
Instrument 
(Shapes) BIOSENSORS 

Facial 
Recognition 
with Video  AMUSE 

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

Desmet (2003)  
Subtle emotions 
(low intensity) X 

 
X X 

  
X 

    

Desmet (2003) 
Mixed emotions 
(simultaneous) X X 

 
X 

  
X 

    

Desmet (2003), 
Isbister (2007) 

Only 6 to 8 
basic emotions      

X 
  

X 
   

Picard (2005), Isbister 
(2007) 

Indirect 
measure: result 
needs 
interpretation  

X 
    

X 
 

X X X X 

Isbister (2007) 

Provides 
ambiguous 
results for 
designers to 
trigger 
inspiration cues 

      
X X 

   

  
13. Has the validity and reliability 
been tested?             

Desmet (2003), Suk 
(2006) 

Validity and 
reliability tested X 

 
X X X 

 
X 

    

Desmet (2003),  
Communicate 
intangible 
emotions  

X X X X 
  

X 
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Concurrent 
Think Aloud 

with 
affec tive 
coding  

Repertory 
Grid 

Technique  

Geneva 
Emotion 
Wheel  PrEmo  

SAM (Self -
Assessement

-Manikin ) 

Relative 
Subjective Count 

(time and 
interruptions)  

Cued 
Recall 
Debrief  

Sensual 
Evaluation 
Instrument 
(Shapes) BIOSENSORS 

Facial 
Recognition 
with Video  AMUSE 

 
14. What are important 
considerations and possible 
confounds?  

           

Haag (2004) 

Assessment 
equipment is 
obtrusive or 
invasive 

   
X 

    
X X X 

Scherer (2005) 
Provided 
emotions/tools 
may not apply    

X X X 
  

X 
   

Scherer (2005), 
Isomursu (2007),  

Users are 
constricted in 
their thinking   

X 
 

X 
      

Picard, (2005), Haag, 
(2004), Chateau 
(2007), Isomursu 
(2007), 

Needs 
triangulation     

X 

X  
physiological 

measures: facial 
e1pression and 
electrodermal 

X 
physiologi

cal 
measures 

 
X 

X  
Combine with 
audio signals 

it is 
triangulation 

(plus PrEmo in 
post-

questionnaire) 

Picard (2001), Isbister 
(2007) 

Needs 
additional verbal 
measures        

X X X X 

Scherer (2005) 

Needs to be 
connected to a 
specific task if 
used with 
interactive 
products  

X 
 

X X X X 
 

X 
  

X 

Bentley (2005) 

Dependend on 
the participants 
ability to 
verbalise what 
he sees 

X X 
    

X 
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Concurrent 
Think Aloud 

with 
affective 
coding  

Repertory 
Grid 

Technique  

Geneva 
Emotion 
Wheel  PrEmo  

SAM (Self -
Assessement

-Manikin ) 

Relative 
Subjective Count 

(time and 
interr uptions)  

Cued 
Recall 
Debrief  

Sensual 
Evaluation 
Instrument 
(Shapes) BIOSENSORS 

Facial 
Recognition 
with Video  AMUSE 

Picard (2001)  

Dependent on 
the participants 
ability to 
verbalise what 
he feels 

X X 
   

X X 
    

Picard (2005) 
Needs special 
training           

X 

Hššk (2006) 
Number of 
Emotions 

Unlimited 

Depends on 
number of 

products or 
features 
tested 

1614 
adjectives 

14 3 or 15 X (engagement) Unlimited 8 
Depends on 

triangulation and 
interpretation 

5 to 7 classes of 
emotional 

expressions 
Unlimited 

Search resu lts in online library of 
Transactions on Affective 
Computing  

38 28 36 None  31 37 21 35 33 37 None  

 Criteria Matches 24 21 22 18 22 16 19 21 22 17 21 

 Considerations 4 3 5 5 6 2 3 4 3 2 4 

Matches with Industry 
Requirements (out of 13)  9 11 13 7 12 11 8 5 7 4 4 
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D.  Study Procedure and Post Ð questionnaire 
 

COURSE OF TASKS 
  
During Task use Concurrent Think Aloud technique. 
After each task use Geneva Emotion Wheel and SAM, alternately 
  
1. You want to find out what is the best way via public transport to get home 
from here.  
             

Task Flow 
1.     Enter From Location 
2.     Select current location 
3.     Enter To Location 
4.     Start typing Address 
5.     Select Address 
6.     Press Get Journey Plans 
  

GEW + SAM 
 
2.  Imagine you are later going to Piccadilly Circus and afterwards you want to 
meet a friend in Islington, You want to find out how to get best by bus from 
Piccadilly Circus to 28 Camden Passage, Islington N18DY.  (It is the bus 38) 
             
            Task Flow 

1.     Enter ÒFrom LocationÒ 
2.     Start typing Piccadilly Circus  
3.     Select Stop 
4.     Select Piccadilly Circus underground 
5.     Enter To Location 
6.     Start typing Address 
7.     Select Address 
8.     Deselect Transport Options except Bus 
9.     Press Journey Plan 

  
  
SAM + GEW 
3. You want to check the bus route on the map in order to figure out what the 
previous stop is because you may want to get off a bit earlier to go to a store first. 
(Station before is Angel Station) 
  

Task Flow 
1.     Check detail view of journey plan 
2.     Select Routes in Menu 
3.     Scroll to 38 and select 
4.     Zoom and Pan into map 
5.     Select different pins to find name 
  

GEW + SAM 
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4.  You want to save your friends address in your favourites so that you can 
access it quicker while on the go. (Address should still be in the ÒTo LocationÒ 
entry field) 
  
            Task Flow 

1.     Go to Plan 
2.     Press Plan again 
3.     Select blue arrow 
4.     Add to Favourites 
5.     Press ÒOKÒ 

  
SAM + GEW 
  
5. Imagine you are sitting in the tube Victoria Line and the train stops at Oxford 

Circus right now. You want to find out how many stops it will be until Seven 
Sisters. 

 
 Task Flow 

1. Select ÒMapsÒ 
2. Select ÒVictoriaÒ 
3. Zoom and Scroll until Oxford Circus is found 
4. Zoom and Scroll until Seven Sisters is found 
5. Count stations 

 
 GEW + SAM 
 
6.  You want to find out generally what the closest public transport stops or 
stations around you are. 
 

Task Flow 
1.  select ÒLocateÒ 
2.  Either zoom and select a station manually 
3.  Or select ÒListÒ 

 
 SAM + GEW 
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Questionnaire regarding the methods: 
  
RSC 1: Can you guess how long this study took so far? 
  
RSC 2: How many times do you think I interrupted you with these two sheets of 
paper (GEW and SAM)? 
 
What do you think about this study we have just finished? 
 
Can you try to describe what the two sheets of paper could be all about? 
  
  
The instrument was easy to use: 
  
GEW               I disagree       1         2          3            4            5            I agree 
  
SAM              I disagree       1         2          3            4            5            I agree 
  
  
Comments - > If 1 or 2 selected: can you explain what made it difficult for you 
to use them? 
  



 90 

E.  Interpreted and Explicit Concurrent Think Aloud  
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F. Distribution of Emotional Terms 
 

 
Figure 27 Distribution of positive, neutral and negative terms selected in GEW after each task 

 
Figure 28 Distribution of interpreted positive, neutral and negative terms after the interpretation 

of CTA  
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