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The goal of this paper is to begin a conversation about two key issues regarding emotion in HCI.  First, 
working definitions of emotion must be included in communications.  These definitions provide a framework 
for asking questions, designing methodologies, and interpreting results.  Second, gold standards for 
assessing the quality of human computer interactions should be established. Conceptualizations about the 
nature of these gold standard(s) should be included in discussions about emotion in HCI. 
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1. INTRODUCTION 

Applications that seamlessly interact with humans require an intelligent system that identifies and “understands” subtle 
cues about a person’s internal state.  In addition, intelligent systems must use this affective information along with 
cognitive information to behave or respond appropriately.  One factor hindering the development of intelligent cognitive-
affective systems is the lack of systematic methodologies for studying the expression and perception of emotions. In 
order to develop appropriate methodologies for studying emotion in HCI it is critical to establish a framework for 
understanding emotion and standards for assessing successful interactions.   The two main goals of this paper are: 
first, to discuss how researchers in HCI can create a framework for working with emotion and second, to address the 
conceptualization of a gold standard for human-computer interactions.   

2. WORKING DEFINITIONS OF EMOTION 

Although several definitions of emotion exist, we can still create a framework for assessing emotions in human – 
computer interactions.  Larsen and Fredrickson [7] advocate for the use of a working definition of emotion(s).  With a 
working definition of emotion we can construct a framework to ask experimental questions, design methodologies, and 
interpret results.  Larsen and Fredrickson’s [7] assumptions about emotion are:  (1) emotions are multifaceted 
processes that unfold over time, (2) emotions manifest themselves in multiple channels, and (3) emotion channels are 
loosely coupled and may interact in complex ways. Assuming such a working definition provides a theoretical basis for 
the methods used to elicit, recognize and respond to emotions. For example, emotion manifestations are a multifaceted 
process that includes antecedent events, emotion prototypes, action tendencies, and measurable responses [8]. Thus, 
the only parts of this process we can evaluate in HCI research are the measurable responses (i.e., body movements, 
voice tone, facial expressions) but not the actual emotion [1] [2] [5] [10] [11].  Therefore, understanding how emotions 
relate to this process may allow us to select appropriate sensors to detect an emotion and possibly allow computers to 
elicit emotions.  If the wrong affective channel or combination of channels is used for detecting a specific emotion the 
system may fail (i.e., the human – computer interaction may be unsuccessful). 
 
Larsen and Fredrickson [7] consider three additional issues when constructing a working definition. Are emotions (1) 
discrete and / or dimensional, (2) states and / or traits, and (3) event related and / or diffuse?  For example, data from 
our lab suggest positive emotions (joy, content, and pride) are discrete and can be recognized by observers at different 
rates in whole body movement [4] [6].  If emotions are conceptualized as discrete, emotion elicitation techniques and 
the ability to recognize specific emotions in a particular channel may vary with emotion and may not be the same for all 
emotions.   

3. GOLD STANDARDS 
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Emotion issues in HCI: Working definitions and gold standards. 
 

Including emotions in human-computer interactions may make interactions more human like but it may not remove all 
errors or make the interactions perfect.  The same stimuli in the same context may induce a particular emotion and 
action tendency in one person but not the next.  By what gold standard should the quality of the interaction be judged? 
Should affective interactions be nearly as good as humans, as good as humans, or better than humans?  If human 
interactions are the gold standard we must also ask, how good are humans at conveying, detecting, and responding to 
emotions?  Literature on this issue tends to focus on specific information channels.  For example, Bassili et al [3] 
suggest humans can accurately detect six basic emotional facial expressions 70% - 98% of the time.   
 
There are additional complexities in defining a gold standard for correctly recognizing emotions.  First, we generally 
have access to more than one channel of affective information.  We need to understand how different channels are 
coupled and how these couplings affect the recognition rates. Second, a gold standard for emotion recognition may not 
fit all emotions.  For example, data from our lab suggest that in whole body movement observers recognize negative 
emotions more easily than positive emotions [4].  This suggests that if emotions are conceptualized as discrete, 
different emotions may have different gold standards, and the gold standards might vary depending on the information 
channel.  Finally, Picard [9] suggests that we should expect recognition rates to be different for person-dependent or 
person-independent systems.  If the computer knows the person it is interacting with (person-dependent), we should 
expect the recognition rates to be better than when the computer has no prior knowledge of the person.  This suggests 
that we also need to consider the effect of learning.   

4. CONCLUSION 

This paper addresses the importance of creating a working definition of emotion and developing gold standards for 
assessing affective interactions. A working definition is essential to create an effective framework for asking 
experimental questions, designing methodologies, and interpreting results.  Gold standards for defining how “good” 
human – computer interactions are must be defined and should account for multiple channels of information and 
person-independent or person-dependent systems.   
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1. Introduction
We live in an ‘experience culture’ where emotional intelligence, emotional labour and emotional
management are seen as critical to working life, commercial enterprises and products (8, 15). Users
expect not just usability, but experiences, matched to their aesthetic expectations, emotional states, and
interaction goals. Systems may improve if designed to recognise user behaviour that relates to emotion,
and /or if systems respond to, or communicate emotion. We must define our terms and identify how and
when emotions are used in interaction, in order to consider the system design issues. The Appraisal
Analysis framework offers a possible way of distinguishing and categorising emotional interactions.

2. Defining emotion
Emotions are complex neuro-physiological systems with visceral, behavioural and reflective levels
operating on biological, neurological and psychological systems (17) and interacting with cognition,
memory, problem-solving etc. (14).

Terminology is confused, with ‘emotion’ or ‘affect’ used to describe events such as:
• personality traits, such as neuroticism or sociability;
• moods such as being sad or happy;
• disorders such as depression;
• basic emotions, such as sad, happy, etc. (9);
• causes of feelings, such as hunger or pain;
• sustained or fleeting feelings, such as pleasure or rejection.

Picard uses ‘Affective Computing’ to describe systems that use any of the broad spectrum of emotions
and distinguishes between ‘inner experiences’ and outward ‘emotional expressions’ (16). Norman uses
‘emotion’ for underlying levels and ‘affect’ for reflective levels of emotion (15). In addition there are
thousands of words and metaphors related to specific emotional states that are commonly used with no
definite correlation to individual perceptions and experiences of emotion.

3. Multimodal communication
Human communication is dynamic, complex and rule based, and embedded in its context of meaning,
time and physical space. Humans incorporate their background knowledge of individuals and their
differences as well as using different multi-sensory modes to recognise and display messages. Multimodal
aspects include (1, 12, 13):

• appearance;
• movements of body and face;
• voice (speech and paralinguistics);
• touch and smell;
• use of space and time.

We use verbal, non verbal and collaborative channels in face to face discourse, and when constrained by
new technologies, people tend to try and compensate eg. by use of punctuation and emoticons in email
(7). We need to understand communicative constraints in HCI, their importance and how best to design to
facilitate enjoyable, effective interaction.

4. When is interaction emotional?
There are a number of schemes to assess modal and multimodal behaviours (11, 3), but these do not
clearly link behaviours to emotions. Although interaction can be classified as having emotional valence
and intensity (3) there is danger in assuming that multimodal behaviours can be linked to specific
emotional inner experiences, which we cannot (yet) reliably identify or measure. Prevalent beliefs
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associating specific body language with specific emotional states often have a flimsy theoretical basis or
are urban myths (6). In fact multimodal behaviours are used in discourse for a number of reasons, with
rules for narrators and listeners, and variations depending on factors such as personality, age, sex, culture,
social dominance etc. Not only do multimodal expressions demonstrate inner emotional states, but they
convey factual information and other discourse markers. For example:

• pointing to show movement or position of artefact referred to in dialogue;
• shivering to show physically cold;
• louder voice to show dominance;
• smiling to show social approval or acknowledgement of social rules;
• tension to show anticipation of conflict;
• shaking head to show negative appreciation;
• postural shifts or rate of head nods to manage turn taking.

5. Adapting the Appraisal Analysis Framework to assess multimodal interaction
Systemic functional linguistics (SFL) (10) considers how people communicate in context, using
meaningful stretches of utterances as their unit. The Appraisal Analysis Framework (18) is an extension
of SFL, still under development, with most work so far concentrated on textual analysis although some
work on multimodal analysis is emerging. Two core concerns are addressed: how speakers adopt and
indicate positive or negative attitudes and how people negotiate positioning with dialogic partners.
Positioning is related to the attitudinal stance; dialogistic engagement; and inter-textual positioning.
Within attitudinal positioning are three aspects:

• affective/emotional state and response, including whether negative or positive; if referring to the
author or not, and relation to emotional categories;

• ethical judgements including consideration of implicit and explicit politeness and morals, and
assessments of behaviour in relation to social norms;

• aesthetic appreciation of objects or people and their composition forms or values.

6. Case study
We conducted an experiment which included collecting video footage of users interacting with an
adaptive affective computing system, (achieved using Wizard of Oz methods) and we identified units of
behaviour that we called ‘affectemes’ (2, 4). During analysis of our experimental data we tried using the
Appraisal Analysis framework to identify episodes where users showed emotions during HCI, and
attempted to categorise them.

7. Results, discussion and conclusions
Whilst emotional states and responses did occur, simplistic assumptions, such as smiles mean happiness
or frowns mean anger were not appropriate. Appraisal showed that most of our users’ behaviour related to
ethical judgements, aesthetic appreciations and dialogistic positioning.

TABLE 1: affectemes and their appraisal (for one participant’s10 minute interaction sample)
Instances of Attitudinal PositioningNumber of

affectemes Affective state /
response

Ethical
judgement

Aesthetic
appreciation

Instances of
Dialogistic
Positioning

Instances of
Intertextual
Positioning

84 14 15 2 58 0

This is a novel attempt to correlate non verbal, emotion related behaviours to context in an HCI scenario
using the Appraisal framework, to analyse and make sense of observed behaviours. This method adds
structure and objectivity to identifying emotions in HCI. More work is needed to establish how reliable
and useful this approach might be. A major concern in HCI is to build liking and trust for applications and
to reduce frustration.  The Appraisal method uses context to assess the target of evaluation, which may be
very useful here. Instances where the computer is the target of judgements or appreciations might be
particularly significant for designers.

Systemic grammars have been successfully used for the development of and natural language generation
systems (5). Appraisal Analysis can identify multimodal user behaviours that relate to systemic functions
in HCI, including the role of user affect, in order to improve our understanding of user’ interactive
behaviours and to develop more acceptable multimodal interfaces.
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Emotion Models mostly used in HCI

- Cognitive, rule-based:
OCC (Ortony, Clore, Collins)

o Cognitive structural approach, rule-based

o Emotions as functions specific to certain emotions, expressed as 
the desirability of an event (emotion as valenced reaction to an 
event)

Made for synthesis, functions are good to be implemented in 
digital systems

Roseman

o Cognitive appraisal model, rule-based

o Categorisation of appraisals people make about events 
(6 interacting appraisals)

o Depends on what people pay attention to

Difficult to assess for the computer, lots of unknown side aspects, 
unclear about mixed emotions/multiple events
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Emotion Models mostly used in HCI

- Representation oriented (1)
Basic emotions (e.g. Ekman) 

o 2 – 20, depending on the theory

o Most accepted: anger, disgust, fear, happiness, sadness, surprise

Known by everybody, can be easily assigned

- Problem 1: labelling with emotion words, differences depending 
on social and cultural background, language used 

unclear meaning, uncertain assignments

- Problem 2: mixed emotions (e.g. happiness + surprise)
how to represent them?

- Problem 1+2 = 3: overlapping categories with blurry borders and 
arbitrary positions 

very ambiguous, unclear meaning, uncertain assignments 

bad for digital systems
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Emotion Models mostly used in HCI

- Representation oriented (2)
Dimensional approach (e.g. Russell)

o Emotions represented on 2-3 dimensions (or more):

- Arousal (calm/excited)

- Valence (negative/positive)

- Power/control

Emotional states need no naming, no categorisation

Unambiguous position in coordinate system

Mixed emotions no problem

- Unfamiliar, abstract construct, difficult to understand by lay-
persons (bad in experiments)

good for digital systems
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Implications

- Decision for one emotion model critical for design

process of emotion-aware systems

- Implications on system characteristics, like
Number and sort of user states, 

Level of detail of emotion information, 

Storage and communication of emotion information, 

Which analyses can be performed with which degree of accuracy

- Implications on compatibility/sustainability

- Implications on output generation (emotional 

response)
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Questions

- Other implications you can think of?

- Is there a „best“ model?

- Do we need a new, HCI-specific one?
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Abstract 
Today emotions are more accepted as an important ingredient of human life. Several 
studies show that emotions play a vital role in almost everything we do, for example 
in cognitive functions, such as rational decision making and learning, as well as in 
perception. In the design of HCI, both software and hardware, it is important to realise 
what kind of emotion the design should evoke at the same time as being able to evoke 
that emotion in the user, whether it is a business administrative system, an application 
aimed at rehabilitation, or a computer game. The EU funded EMMA project 
(Engaging Media for Mental health Applications) explored the relation between a 
feeling of presence and emotion. During the project we developed a bio-cultural 
theory of presence (Riva et al. 2004) which we suggest has the potential to be used as 
a base in order to discuss the relation between computer-mediated presence and 
emotion and its impact on designing EmoHCI.  

During the project we developed a virtual environment called the Exploratorium 
(Olsson and Waterworth 2004) that consists of three different zones (Paradiso, 
Purgatory and Inferno) arranged vertically and aimed at evoking three different types 
of mood (calm, neutral, and anxiety/fear). Our tests have shown that it was possible to 
induce the different moods by the use of the virtual environment. The results also 
showed that different kinds of mood evoke different degrees of presence in the 
environment. Paradise, which evoked a calm mood, created a low degree of presence, 
while Inferno, which evoked anxiety, induced a high degree of presence. The obvious 
interpretation is that different kinds of emotions induce different degrees of presence 
in a computer-mediated environment  

When considering presence it is also important to consider its opposite, absence 
(Waterworth and Waterworth 2001), although this has often been ignored in the 
literature on mediated presence. It is as important to study the impact emotion has on 
absence as it is to study its impact on presence, and how the two are related. Our 
three-layer model of presence (figure 1) can provide a starting point for predicting 
whether a design with emotional effects will bring about a certain degree of presence 
or absence. The three layers are proto-presence, at the sensori-motor level, core 
presence, at the perceptual level, and extended presence, at the conceptual level.  

According to this model, the overall presence level depends on how well integrated 
the cognitive system is to focus on the environment around the individual. Emotion 
can affect this in several different ways, for example by creating an arousing effect 
that orientates the individual to attend to the environment (stimulating presence) from 
the bottom up. On the other hand, emotion induced at higher levels may increase 
attention to the environment or reduce it, depending on whether the content is 
associated with the current environment (presence) or opposed to it (absence).  



 

Figure 1 A 3-layer model of Presence (Riva, Waterworth and Waterworth. 2004) 

In the test with the Exploratorium (Olsson and Waterworth, 2004) we found that 
Paradiso, which is experienced as a pleasant and calm environment, produced a low 
degree of presence and a high degree of absence, in which participants reported day 
dreaming or other cognitive activity not related to the environment. In Inferno, on the 
other hand, which users experienced as both unpleasant and exciting, a high degree of 
presence and a low degree of absence were induced. 

In HCI design we believe that emotions play a very important role, closely related to 
the sense of presence in a mediated environment. As a designer one should be aware 
of the emotional impact your design will have on its user and try to evoke the most 
suitable emotion for the purpose of the design. It is useful to consider the different 
levels of the psyche at which emotion may be induced. At the lowest layer, emotional 
responses may include a sensory orientation towards or away from the environment, a 
very transitory effect - but one which may result in the recruitment of other layers to 
increase either presence or absence. At the highest layer, the content displayed in an 
environment will reinforce or inhibit attention to the environment or to other (non-
present) conceptualisations. But unless the middle layer, of perception, is aligned to 
one or both of the other layers, the sense of presence induced will be limited, and the 
emotional impact may be diffused. 

We are currently developing more detailed guidelines for design taking into accouont 
the relationship between emotions, of different types, presence and absence, and 
based in an enhanced version of our three-layer model. Demos of the Exploratorium 
will be available at the workshop. 

References 
Olsson, S. andWaterworth, E. L. (2004). Does the Exploratorium Evoke Emotion? Proceedings of 

Design and Emotion 2004, Ankara, Turkey, July 2004. 

Riva G., Waterworth J.A., Waterworth E.L. (2004). The Layers of Presence: A Bio-cultural Approach 
to Understanding Presence in Natural and Mediated Environments. CyberPsychology & 
Behavior Volume 7 (4), 402-416.  

Waterworth, E L and Waterworth J A (2001) Focus, Locus and Sensus: the 3 Dimensions of Virtual 
Experience. Cyberpsychology and Behavior 4 (2) 203-214 



Influence of a computerized environment on the emotion process 
 
 

Torsten Porsch 
Department of Psychology, University of Münster, Germany 

9porschi@gmx.de 
 

1. Introduction 
Most theorists agree that emotions are elicited and differentiated on the basis of appraisal 
processes (Ekman, 1992; Frijda, 1986; Ellsworth, 2003; Lazarus, 1991). “Appraisal theory 
postulates that emotions are elicited and differentiated on the basis of person’s subjective 
evaluation or interpretation of a situation, object, or event respect to current goals, needs, 
perceived coping potential and socio-normative context.” (Scherer, 2000)  
It is possible to profit from this theoretical background in human-computer interaction (HCI). 
We currently want to know, how strong a computerized environment influences the appraisal 
processes of emotion. 
 

2. Questionnaire  
We asked 57 persons to report a specific emotional episode. The participants had to report 
experienced emotions in daily life and especially emotions in computerized environments. To 
tap the individual appraisal criteria suggested by Scherer’s model (the Stimulus Evaluation 
Checks, SECs) the Geneva Appraisal Questionnaire has been used.  
The results of a principal component analysis (PCA) show two main axes (Fig.1). The first 
axis explains the valence variance of the reported emotions. The second axis characterises 
the influence of the computerized environment. Approximately 10 percent of the variance are 
explained by this axis. 
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Figure 1: Cases on factor level, 0=emotion in computerized environments 1=daily life emotions 

 
Emotions in computerized environments seem to differ in their appraisal process. Future 
research has to refer to this point. We want to confirm our results in real life simulations and 
find the precise access to this effect.  We intend to address these questions in future 
experiments. 
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Many imagined applications of affective computing involve sensing users’ reactions or 
affective states in order to adapt interaction in some way. For example, on sensing frustration, 
a system might offer components of active listening, empathy and sympathy to support users’ 
recovery (Klein, Moon and Picard, 2002), or on sensing difficulty in understanding, a 
computer-assisted learning program might alter its teaching strategy (Conati, 2002).  
 
One problem with these ideas, at least at the present time, is the low sensitivity and 
discriminatory ability of affective sensing techniques. Experiments have tended to be 
concerned with relatively strong stimuli and gross failures of usability. From the long-standing 
literature on psychophysiology (e.g. Andreassi, 2000), there should be no surprise that using 
an unreliable mouse whilst carrying out a competitive task (Scheirer, et. al., 2002), or the 
sudden appearance of an alert box during an online quiz (Ward, et. al. 2003), produce 
measurable changes in skin conductance. We have argued previously that in order to be 
useful in human-computer interaction, affective sensing has to be able to detect and interpret 
reactions to subtle events, not just major failures of interaction, and that it has to be able to 
detect these reactions in complex naturalistic situations rather than laboratory controlled 
conditions (Ward and Marsden, 2004). Reactions to subtle events, such as a user’s liking for 
a particular image on a web site, or sense of satisfaction in completing a particular piece of 
work, are more difficult to recognise.  
 
A further reservation concerns the balance of affective initiative. Most proposed applications 
implicitly regard the machine and not the user as having the initiative in affective interaction. 
There may here be some parallels with the authoritarian interactive style of 1980s intelligent 
tutoring systems which, whilst possibly of interest from a cognitive science perspective, were 
pedagogically ineffective (Sleeman, et. al., 1990; Laurillard, 2002, p143). As Picard and Klein 
point out, the user should be in charge, directly involved in setting the system goals, 
otherwise the system will quickly be rejected (Picard and Klein, 2002). 
 
“Setting the system goals” is one function of emotion in the real world. Oatley (2000), 
describes one of the major roles of emotion as the management of co-operation between self-
and-other. The expression of emotion helps guide and motivate social partners towards the 
completion of shared objectives. This function of emotion develops during infant attachment 
behaviour, which is managed through expressions of assertiveness, affection and anxiety. 
There would appear to be connections here with other ideas in interpersonal psychology such 
as transactional analysis where assertiveness is equivalent to “parent”, anxiety to “child” and 
affection to “adult” ego states (Williamson and Ward, 1999). Assertiveness and anger 
emphasise demands. Affection and happiness encourage and reward co-operation. Anxiety, 
fear and sadness elicit empathy and support, express deference, and direct attention to 
threats and safety. Furthermore, these emotions are often communicated deliberately, in a 
heightened way, so as to ensure their recognition and comprehension. It should not be too 
difficult for an affective machine to recognise intentional, accentuated expressions of emotion, 
especially using probabilistic combination of multiple sources of evidence (e.g. Kapoor, et. al. 
2004).  
 
Could intentional communication of emotion be useful in affective computing applications? 
What sort of interactions between self-and-computer might it support? In what kind of 
collaborations might it be applied? Existing forms of affective interaction might provide useful 
analogies. Table 1 employs the assertiveness-affection-anxiety framework to examine 
existing collaborations with a view to identifying possible models for affective human-
computer interaction. These situations involve intentional, often accentuated, communication 
of emotion to others, human and non-human. The list is probably incomplete, but all seem to 



assume that the “other” is a sentient being with some degree of autonomy, with an ability to 
form opinions about us, about which we are concerned. People do seem willing to entertain 
these beliefs about computers (Brave, et. al., 2005; Prendinger, et. al., 2005). Any of these 
models, implemented in machine form, would involve the machine sensing the user’s 
expressions of emotion in order to adapt its own behaviour.  
 

Partner model Intentional Communication of Affect Why? 
 Assertiveness Affection Anxiety  

     
1. The machine strong strong strong Catharsis? 
2. The servant strong none none To control 
3. The pupil or 

apprentice 
moderate 
 

weak none To control and to help 

4. The pet or working 
animal 

moderate strong none To control and to share 

5. The child moderate strong moderate To control, to share and to 
help 

6. The partner weak strong moderate Sharing 
7. The teacher weak weak moderate To seek help and approval
8. The manager weak weak weak To seek reward and 

approval 
9. The master none none none To avoid conflict 
 
Table 1: Models for applications based upon users’ intentional expressions of affect. 
 
The following notes refer to the models in Table 1: 
 

1. Machines do not recognise or respond to emotions, but their operators still 
sometimes abuse, encourage or express anxiety towards them, sometimes very 
strongly. Imagine yourself as the driver of a car, low on fuel, miles from a petrol 
station. This model includes non-affective computers. 

 
2. Servants do recognise emotions but do not respond other than perhaps minimally to 

acknowledge them. They respond to instructions, but codes of conduct prohibit the 
return of any emotion (e.g. Channel 4, 2004). Victorian schoolchildren were similar, 
supposedly expected to obey without question, and not to initiate any non-essential 
communications of their own (Urban Legends, 2000). Their masters and mistresses 
possibly regarded Victorian servants and schoolchildren little differently from 
machines, but hopefully with more respect, using less extreme expressions of 
emotion than with machines.  

 
3. Pupils and apprentices also recognise emotions. They need to be directed 

confidently. Their performance responds positively to encouragement and approval 
(positive reinforcement), less so to criticism and disapproval (negative reinforcement). 

 
4. Pets and working animals recognise basic emotions. They need to be directed 

calmly, confidently and sometimes strictly, they need to be shown praise, warmth and 
affection and react very badly to anger and abuse (e.g. Littlehats, no date). 

 
5. Children may in some ways be similar to pets but are also skilfully able to manipulate 

adults’ emotions. They require considerable structure and stimulation, and warmth 
and praise for the positive. Bad behaviour can be addressed through distraction using 
humour, and also by temporary withdrawal of attention through being ignored or time-
out periods (BBC Three, 2005). 

 
6. The partner. These have similarities with all the above, but respond best to love and 

sharing. They may also have similarities with the following. 
 

7. Teachers are similar to managers, below, although the expression of uncertainty or 
anxiety tends to invoke their helpfulness.  



 
8. Managers seek deference and respect rather than affection. They may not respond 

well to assertiveness, although sometimes calm assertiveness, rather than 
passiveness or aggression, may be necessary. They may also respond well to the 
sharing of positive emotions such as enthusiasm, and avoidance of negative 
emotions (the-centre, no date). 

 
9. Masters should not be the recipient of any intentional emotional communication. They 

can detect unintentional betrayals of emotion, and will themselves decide how this 
should be dealt with. 

 
Hopefully the above does not betray the author’s naïve and idiosyncratic grasp of 
relationships. The models would appear to differ along a number of dimensions: the degree of 
control over the other, the degree to which one reveals oneself for mutual sharing of 
emotionality, the extent to which expressions of emotion form an intentional response to the 
other’s behaviour. At present non-affective computers would seem to fall into model 1, 
experiments with affective interaction into model 9, and some ideas about possible 
applications into model 7, but could the range of models suggest other applications of 
affective computing for the future? 
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Introduction 
Emotions in HCI are studied from different perspectives. Within this position paper I want to address 
three topics relating to this issue. First, I describe my understanding of different sub disciplines in HCI 
concerned with emotions and define our viewpoint. Then, I present our conceptual framework 
studying the user experience and the role of emotions and affect within it. Concluding, I want to give 
some statements on possible links to the other sub disciplines. 
 
Defining our viewpoint: distinguishing between different approaches to emotion in HCI 
One research field concerned with emotions in HCI is the affective computing systems approach 
(Picard, 1997). Simply described affective computing systems recognize users’ emotion, model user’s 
affective states, adapt to the user’s affective state and express emotion. (Hudlicka, 2003). A different 
focus is taken in the emotional system design approach (Norman, 2004). Here affect and emotion are 
studied as important parts of the users’ experience with interactive systems and the aim is to consider 
emotional aspects in the interactive system design process.  

In the emotional system design sub discipline I again distinguish two foci: emotional design and 
evaluation. While emotional designers focus on designing systems considering emotional aspects of 
the user experience and need knowledge and methods on how to design for emotions, the emotional 
evaluators concentrate on integrating emotional aspects of the user experience into the evaluation 
process of interactive systems. They need knowledge and methods on how to assess emotional user 
reactions. Our perspective is the emotional evaluators one: we are interested in studying affect and 
emotion as important parts of the users’ experience with the aim to integrate emotional aspects into the 
interactive system evaluation process. 
 
Evaluation of emotional aspects as part of an integrative approach to the user experience 
Our framework for developing a user experience evaluation methodology integrates cognitive and 
affective/emotional components. Cognitive components are instrumental and non-instrumental quality 
assessments of the human-technology-interaction by the user (Mahlke, 2002). Instrumental quality 
aspects are criteria like the usefulness and ease of use of a system (e.g. Davis, Bagozzi, & Warshaw, 
1989). Over the last years non-instrumental quality dimensions, like hedonic qualities or visual 
aesthetics, attracted a lot of attention (Hasenzahl, 2001; Tractinsky et al., 2000). We distinguish non-
instrumental quality aspects from affective/emotional aspects of the user experience (Hassenzahl, 
2005). From our understanding affective/emotional components can be on the one hand immediate, 
unmediated affective reactions and on the other hand more complex emotional consequences that 
result from a cognitive appraisal process.  

Already, in Norman’s (2004) three-level model of information processing emotional aspects play a 
role on different levels. The visceral level was studied by Katkin, Wiens, & Öhman (2001) who 
connected visceral perception with the development of gut feelings. Regarding the visceral level in the 

http://www.emotion-in-hci.net/


interactive system domain the approach of Zhang & Li (2004) is promising. Emotional consequences 
are defined as more complex emotional phenomena. Desmet & Hekkert (2002) use the theory on 
emotions described by Ortony, Clore & Collins (1988) to describe the development of product 
emotions.  
 
Discussion: connection of different approaches to emotion in HCI 
Some statements I want to give concern possible connections between the sub disciplines dealing with 
emotion in HCI and possible transfers of knowledge. The emotional evaluation and the emotional 
design approach are connected from definition: they should work hand in hand to consider emotional 
aspects in the design of interactive systems. What both need is a similar understanding about the role 
of emotion in designing interactive systems and systematic approaches to use it (Overbeeke & 
Wensveen, 2004). One topic therefore to be discussed is our distinction of non-instrumental quality 
assessments and affective/emotional aspects of the user experience. Also critics, like Hassenzahl’s 
(2004) “emotions can be quite ephemeral. - we cannot design them” have to be considered. 

The approaches of emotional evaluation and affective computing have first of all one common 
question to answer: how to assess the user’s affective state? One important point is if we can use the 
methods for recognizing the user’s emotion from affective computing in emotional evaluation 
procedures and vice versa. Current examples are Branco et al.’s (2005) use of EMG in an interactive 
system evaluation setting and Anttonen & Surakka’s (2005) measurement of heart rate mostly 
intended for affective computing. Recently, in the affective computing approach an affective interfaces 
evaluation sub section (Isbister & Höök, 2005) develops that might have intersections with the 
emotional evaluation approach. 
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Recently a number of people (e.g. McCarthy and Wright, 2004; Norman, 2004) have 
argued that the traditional focus on performance in product design might be too 
narrow, and things such as aesthetics, fun and the user self-image should be 
considered. These seems all highly personal factors, with a large variation between 
users. Therefore, the traditional approach of designing for a single average user might 
be less effective here. Instead, user interfaces should be more fitted to the needs and 
desires of the individual user. However, most research on customisation focuses on 
function customisation, and less on form customisation. For example, personalised 
search engines and customised online purchase offers are both function 
customisations emphasising the importance of performance and usefulness of a 
product. When it comes to form customisation, which stresses aesthetic and the 
emotional need of the user, designers seem mostly guided by what is technically 
possible or by their intuition, and not always by what is desired by the users. 
Therefore, a better understanding of form customisation seems welcome.  
 
Our research looks at customisation of application by using skinning technology. This 
technology allows users to change the applications appearance —the skin— at 
runtime. Skinning can be very basic, such as changing background images, or colour, 
but also more extensive, such as changing the interaction style. A number of 
commercial applications already apply this technology, e.g. Windows Media Player, 
ICQPlus, and Winamp.  
 
We are currently conducting two sets of studies that focus on personality and skin 
selection. In one set of studies, we look at correlations between users’ preference for 
specific skins and the users’ personality. Already more than 200 participants have 
been involved in these studies. Participants are asked to look at sets of 60 to 68 skins 
of the Windows Media Player and rate the likelihood that they would select the skin. 
The skins are projected one by one on a large screen in a classroom setting. After 
rating them, participants are asked to fill out two personality questionnaires: BIS/BAS 
scales, related to the motivational systems underlying behaviour (Carver and White, 
1994), and IPIP-NEO inventory (Buchanan, Johnson, and Goldberg, 2005), which 
measures individual differences on five dimensions. The results of these explorative 
studies seem to relate to the similarity-attraction hypothesis studied by Reeves and 
Nass (1996). For example, the studies reveal promising correlations between skins 
with a humoristic theme (e.g. The Simpsons, Monty Python, Little Britain), and 
cheerfulness (sub-scale of extraversion) and depression (sub-scale of neuroticism), 
but also between scary looking skins (e.g. skulls, snakes, Jaws, aliens) and the 
behavioural inhibition system (BIS), which is associated with motivation of avoiding 
undesirable situations. 
 
In another set of studies, we look at the correlations between specific skin colours and 
personality, after users actually interacted with an application. Participants in these 



studies are asked to perform a number of tasks with a CD-player and a calculator 
which both have a set of skins with different colours. After they performed the tasks, 
participants are asked to order the skins according to their preference. Again 
participants have to complete the IPIP-NEO personality inventory here. The results of 
the studies reveal some correlations between specific colours (e.g. blue) and 
personality traits (e.g. extraversion).  
 
Personality data is often obtained by using questionnaires with over 100 questions, 
which requires some time and effort on the side of the user to answer them; time users 
might not always have or are willing to invest before using an application. Therefore, 
we are also looking for a less intrusive way of obtaining personality data by analysing 
automatically recorded (logged) user-system interaction. The data obtained from 16 
users, who used a CD-player over a period of three to five days, suggests already 
promising correlations between personality data obtained in questionnaires and 
recorded interaction behaviour, for example between extraversion and the average 
time between two consecutive mouse clicks. As part of the PROSKIN project (Fine 
and Brinkman, 2004), we are now in the process of extending these research 
directions by developing an online web radio (see http://www.proskin.org), which 
allows us to record user interaction from a large online user population remotely. The 
web radio will also have multiple skins and provide a platform to collect personality 
data via online personality questionnaires.  
 
The results obtained so far, however, also seem to suggest a limitation in (small 
correlations) predicting skins selection directly from users’ personality. We hope to 
increase the prediction and understanding of skin selection by including in the 
analysis the social context of the behaviour. For example, Norman (2004) suggested 
three levels of processing when it comes to the emotional part of a design: visceral 
(appearance), behavioural (the pleasure and effectiveness of use), and reflective (self-
image, personal satisfaction, memories). Especially the reflective level, associated 
with the message a product sends to others, might be relevant for skin selection. For 
instance, users might have a positive attitude towards selecting a particular skin, 
however, their belief of what important others might think when they select this skin, 
might discourage (or encourage) them of actually selecting this skin. The Theory of 
Reasoned Action (Ajzen and Fishbein, 1980) and its successor, Theory of Planned 
Behaviour, which includes people confidence in their ability to perform the 
behaviour, seems to be interesting candidates to be studied in this context, as they try 
to predict behaviour from peoples’ intention by looking at their attitude, their perceive 
social norm and their perceived capabilities. These again are influenced by 
personality traits according to these theories. By including these factors, we hope to 
learn more about skin selection and the underlying process in order to developed 
design guidelines for developing customised skins. 
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Computer controlled characters were introduced in the field of user interfaces to ease the interaction 
and bring joy to the human user. Their behaviour and responses mostly rely on information derived 
from language. With current research going on there is the chance to enhance these ‘artificial humans’ 
with real emotional sensitivity. We will discuss which application area could gain from affective 
computing [1] and what other criteria might be worth considering.  

Keywords: user interface, affective interface, avatar, emotional control  

SHORT DESCRIPTION OF THE TALK 

Digital characters have been employed in entertainment and game environments. They promised to be human-like 
counterparts for teaching, guidance, information delivery and other tasks. Humans are able to recognise various 
cues in speech that makes it is easy to infer the emotional state of the counterpart, e.g. if someone is angry, and 
adopt to it. A digital character or any other type of human-computer interface should be able to do the same to 
further ease interaction. Consider a situation in that a user becomes highly frustrated because the user interface 
‘ignorantly’ shows the same ‘dull’ reaction as ten times before. An emotional sensitive interface surely would be 
beneficial in such circumstances. 
 
An autonomous, multi-modal digital character as presenter in an augmented reality environment (see figure 1) has 
shown positive impact on visitors [2]. The virtual figure could build a personal relation between the visitor and the 
presentation content. This was attributed to the human-like behaviour and the incorporation of the virtual human 
into real space. If such a presenter was further enhanced with sensitivity to emotional states, one would possibly 
expect some benefits, i.e. fewer conversation break-downs and more comfort for computer illiterate people. 
Criticism from authors that point to the fundamental difference between man and computer [3] will also be 
addressed. 
 

The talk will present an interesting insight into digital 
characters, their control and how it could be improved by 
emotional sensitivity. It will not entirely cover but make a 
contribution to the following questions: 

• Which function do emotions have in HCI and can we 
develop an actionable framework to support it? 

• Which value might affective applications, affective 
systems, and affective interaction have? 

• Which opportunities and risks are there? 
• Can we solve emotion related issues within the HCI 

domain, or do we need support from other fields of 
computer science or other sciences?  

• Are there new intersections between sub-disciplines 
concerning emotions, and is there need for a new 
sub-discipline?  

• Which impact will emotion awareness have on HCI 
in general and the sub- disciplines in particular?  
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FIGURE 1: A digital character with multi-modal abilities 

conversing with the user in augmented reality 
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Abstract: Adaptive User Interfaces are an important success factor for the development of information and communication 
systems and, in particular, for those subsystems where interaction with end-users is critical, like therapeutical and training 
systems. Current adaptive interfaces are based upon user and device profiles. The social awareness as recognition and 
simulation of emotions are not integrated. We present research projects trying to studying the possibilities of raising the social 
awareness of information systems.  

Keywords: emotional interface agents; skin conductivity; learning disability; evaluation 

1. INTRODUCTION 

We present our work on recognition and response to user’s arousal states in a therapeutical context for learning 
disabled children. It adds a new powerful tool for the development of such adaptive systems by analysing the 
arousal states of the user with non-invasive biofeedback sensors. The recognized arousal state is then used to 
adapt the computer interface upon it. 

2.  INTEGRATING EMOTIONS INTO TRAINING AND THERAPEUTIC SYSTEMS 

Under the scope of our projects (TAPA and IPCA ), we have developed an approach to recognize user’s emotions, 
integrating and using them together with other parameters to personalize training units. The main focus was on the 
development of a model to assess the recognized emotions and to combine them with other parameters to adapt 
the training units to the actual user’s motivational level and the context of use. 

We have used Interface Agents at the user interface side to complement the emotional system to convey 
emotional expressions to the user. Furthermore, they can play a role in increasing the motivation level of the user. 
The interface adaptation can be enhanced using the described emotional system. In our framework we have 
evaluated the following input technologies: touch-screen, speech recognition, mouse, keyboard, skin conductivity 
sensors, diverse virtual input options via GUI buttons, questions through the interface agents (generally from the 
user interface), and behavioural monitoring through a psychologist. 

3. THERAPEUTIC SYSTEM AS A STORY IN AN ANIMATED WORLD (TAPA) 

Virtual environments such as training simulators and video games do an impressive job at modelling the dynamics 
of the physical world, but fall short when modelling the social dynamics of anything but the most impoverished 
human encounters. However, the social dimension is at least as important as graphics for creating engaging 
games or effective training tools. 

The presented framework has been implemented in a prototype, considering the aforementioned social awareness 
with the following components: 

o Pedagogical interface agents [4]; 
o A story played in an animated world, where the training units are encapsulated; 
o Emotional monitoring and response components. 
The prototype has the following characteristics: 
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o Task/goal oriented: e.g., if the agent wants to give a reward to the user, it would not be very helpful to 
display sadness but to display happiness. 

o Environment influence: e.g., if something happens suddenly it would be suitable to be surprised and to 
show an appropriate behaviour reaction. 

o Personality: every agent has its own character, so the emotions should follow an individual personality 
concept. 

o Time: synchronization is a very important issue, since we are dealing with many agents simultaneously; 
the behavior of each agent must be adequate to the behaviour of all others at that moment [6]. 

3. EVALUATION 

  
Figure 1: TAPA GUI screenshot 

The developed software Training with Animated Pedagogical Agents (TAPA) [5] presents a special training 
environment for children with cognitive impairments see [figure 1].  

We involved in this study 71 students between 9 and 14 years at a school for learning disabled children, comparing 
a TAPA-treated group with a non-treated control group. The intention was to examine the effectiveness of the 
training as well as the functionality of the bi-directional communication process between the agent and the user. 
The main aspect of the cognitive training is to impart a special meta-memory strategy which is called “categorical 
organisation”. It is known that this memory strategy as one of many is spontaneously shown in the age between 9-
11 years in “normal” cognitive development. If world-knowledge and ability to think in abstract terms increases, 
then children begin to recognize the possibility of categorization of objects. This ability belongs to the so-called 
meta-cognitive performance and is used instinctively in different learning situations. Children with learning 
disabilities do not develop these strategies in time and that is one reason why they are often affected by memory 
impairment. 

Psychological research has shown that it is basically possible to coach these children effectively and to give them 
a chance to improve their learning situation. But to be successful, it is especially important for disabled children to 
give them an individual motivational support. 

Considering these requirements, we combined measurement of skin conductance with self-report-tools and 
learning performance of the user to define several algorithms expressing the child’s motivational situation and 
deriving TAPA’s reaction. Measurement of the skin conductance shows the user’s psycho-physiological arousal 
status, and allows concluding indirectly the effectiveness of the learning process. It can be postulated that a status 
of relatively medium arousal is ideal for learning situations. Over and under medium arousal should be avoided. 
Self-report-tools ask the child for the fun or pleasure it has felt while fulfilling the tasks and allow starting a ‘repair’-
communication in the case of variant input data. 

The TAPA system’s reaction is basically in two different directions: 1. tasks difficulty decrease or increase in three 
ways (number of objects and categories, clearness of categories) and 2. the agent’s behaviour. Following the 
individual algorithm the agent intervention is used to influence the child, regarding psycho-physiological arousal 
and motivational situation. For this purpose the little life-like characters are equipped with several emotions 
expressing behaviour sequences and natural speech engines. The memory performance of the group which has 



trained with TAPA shown a significant improvement in comparison to the memory performance of the control group 
see [figure 2]. 
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Figure 2: Memory performance results of the training  

Results of the study give as a whole an interesting idea of the possibilities of animated agents as special 
pedagogical support. Next to the successful teaching of a meta-memory strategy to teach disabled children, it 
could be shown that it is possible to influence the user’s motivation status via agent’s behaviour. The study results 
allow concluding that animated pedagogical agents can play a valuable job in future assistive technology. 

Conclusion 

Although these results seem to be very promising for the developed approach, further and more complex 
evaluations are planned to strengthen the technical integration of physiological emotion measuring. We are 
planning to conduct more evaluation rounds with an enhanced system. Further examination appears necessary to 
clear the precise role of agent’s motivational support in the learning process. 
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1 Introduction

Research related to emotion in human-computer interaction (HCI) often tends to focus on
how a computer can autonomously detect the emotional state of a user and then adapt itself
accordingly. Another important strand of emotion-related research in HCI is the simula-
tion of emotional expressions made by computer agents. Interface designers often include
emotional expressions and statements in their interfaces through the use of textual content,
speech (synthetic and recorded), and synthetic facial expressions, but little is known of how
we respond psychologically to these expressions of emotion and what effect they have on a
user’s perceptions, behaviour and performance. We are currently planning a series of ex-
periments that will investigate the influence of synthetic emotions on a user’s attitudes and
behaviour.

2 Psychological Effects of Emotion Simulation

Several studies have illustrated that our ability to recognise the emotional facial expressions
of embodied computer agents is very similar to that of identifying human facial expressions
(Bartneck 2001). But it is still largely unknown how we respond psychologically to these
expressions. Are our responses to a synthetic smile similar to that of a human smile? Can we
catch emotions from computers? How do we respond to synthetic displays of joy, happiness,
sadness, frustration, and disappointment? These types of questions have been neglected in
research studies to date but are of fundamental importance in understanding the potential
role of emotion simulation in HCI.

Studies which have suggested that we treat computers as social actors (Reeves and Nass
1996) add strength to the possibility that we may treat synthetic emotional expressions as
real emotional expressions. In fact, several studies suggest that this is indeed the case,
including Brave et al. (2005), Liu and Picard (2005) and Bickmore and Picard (2004), who
all found that a computer agent which was empathetic toward the user (through the use
of facial expressions and textual content) was generally rated more positively by subjects
when compared with an agent which was not empathetic toward them. Our research will
focus on how strong responses such as these are and for what practical purposes they could
potentially be used.

1



3 Current and Future Research

To help understand further what impact synthetic emotional expressions have on a user and
the usability of a system, we plan to initially address the following questions: -

1. What impact does the type of representation (e.g. textual content, synthetic speech,
multimedia video) used by a computer agent to express emotion, have upon a user’s
perceptions, behaviour and performance?

(a) Does the type of representation used have any impact upon the perceived usability
of a system?

2. Can emotional agents influence or change a user’s attitudes, beliefs, and behaviour
more effectively than unemotional agents?

The motivation for investigating the above questions is based on studies which have sug-
gested that users tend to like and trust emotional agents more than unemotional agents and
also perceive them to be more caring (Brave et al. 2005; Bickmore and Picard 2004). People
are more easily influenced and persuaded by individuals that they like and who they believe
to care about them. Therefore, emotional agents which are perceived by users to be more
likeable, trusting and caring may potentially be able to persuade and motivate users more
effectively than unemotional agents. A computer agent’s representation may also effect the
strength of a user response to synthetic emotion and consequently might have an impact on
an agent’s ability to influence user attitudes and behaviour.

An important question that is related to this research is whether or not all emotions are of
interest to HCI. For instance, why would a computer ever need to express fear, frustration, or
disappointment? Perhaps frustration or disappointment might be used by a sports coaching
agent as a means of motivating an individual who has not adhered to their strict fitness
regime, by attempting to make them feel guilty. An expression or statement of fear might be
used by a security agent to add urgency in getting the user to patch software which has vul-
nerable holes located within it. Therefore, emotions which are typically perceived as being
more negative should not be ignored and thought of as harmful to HCI, but instead, should
be utilised by interface designers (along with other more positive emotions) to produce a
desired or beneficial outcome for the user. Our future experiments will concentrate on the
role that all emotions have to play in HCI.

Also of particular interest, is how users respond to the inclusion of synthetic emotions in
computer agents over an extended period of time. Do the effects found in short-term studies
remain consistent over time? If not, in what ways do they change? Can emotional computer
agents help produce long-lasting desirable changes in user attitudes and behaviour? We also
intend to address these questions in future experiments.
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ABSTRACT 

Linguistic and paralinguistic cues such as choice of words, 
intonations and tone of voice all play a critical role in 
human-human human-computer interactions.  Voices, both 
computer-generated and recorded, manifest personality, 
gender, and accents (Nass & Brave, 2005). While these 
characteristics give us a broad sense of what a person will 
think and do, predicting a person’s behavior at any given 
moment in time also requires attention to the user’s 
particular feelings, knowledge, and the physical situation of 
the person.   

Attitude, behavior, and cognition also can be influenced by 
momentary states such as feelings and situation. The most 
powerful momentary state is emotion. Emotion is not 
limited to the occasional outburst of fury when a person 
insults you, excitement when one wins the lottery, or 
frustration when trapped in a traffic jam. It is now 
understood that a wide range of emotions play a critical role 
in activities ranging from asking for directions to asking 
someone on a date. 

Although emotion was one of the primary foci of the early 
field of psychology, the study of emotion has lain dormant 
for a long time (Gross, 1999). This avoidance of the study 
of emotions has extended to the realm of voice interfaces.  
Just as users have emotions, interfaces can manifest 
emotions (Picard, 1997). Textual interfaces can exhibit 
emotion through word choice, pictorial interfaces can smile 
or frown, and voice interfaces can exhibit emotion through 
tone of voice. Cues such as loudness, fundamental 
frequency, frequency range, and speech-rate distinguish 
dominant from submissive individuals and affect people 
interacting with systems using computer-generated speech 
(Nass & Gong, 2000). It has also shown that most basic 
emotions or modes are associated with acoustic properties 
in a voice such as pitch range, rhythm, and amplitude or 
duration changes. For example, sadness is generally 
conveyed by slow and low-pitched speech, while happiness 
is associated with fast and louder speech. 

Voice Interfaces in the Car 
Introducing speech-based interaction and conversation into 
the car highlights the influence of linguistic and 
paralinguistic cues. Previous studies with in-car information 
studies showed that the linguistic cues had a significant 

effect (Jonsson et. al, 2004). Emotional cues in speech 
interfaces have been studied in contexts other than the car 
and findings show that emotions or mood are detected and 
affect performance. Positive affective states favorably 
affect problem solving and decision making (Hirt et al. 
1996; Isen, 2000). Emotions are also contagious: people 
often catch each other’s emotions. An individual’s current 
emotional state can also affect the experience of subsequent 
affective interactions. Residues from a previous affective 
reaction will combine with effects of emotions produced by 
subsequent affective stimulations. This can cause an overly 
intense affective reaction so that residual arousal from 
happiness may intensify their sense of well being, and 
residual unhappiness from sadness may intensify 
discomfort.  

Driving presents a context in which emotion can have 
enormous consequences, since attention, performance, and 
judgment are of paramount importance in automobile 
operation, with even the smallest disturbance potentially 
having grave repercussions. The road-rage phenomenon 
(Galovski & Blanchard, 2004) provides one undeniable 
example of the impact that emotion can have on the safety 
of the roadways. Considering the above discussion of the 
effects of emotion—in particular, that positive affect leads 
to better performance and less risk-taking—it is not 
surprising that research and experience demonstrate that 
happy drivers are better drivers (Groeger, 2000). With the 
introduction of a voice in the car becomes critical to know 
how emotion expressed by an in-car voice interface 
interacts with a driver’s emotion in affecting attention, 
performance, and judgment. Might the emotional 
characteristics of the voice have as much impact on 
attention, performance, and judgment as the emotion of the 
driver? More specifically, what happens when the emotion 
of the voice and the emotion of the driver are mismatched, 
e.g., an upset driver encountering an energetic and happy 
voice, or calm driver interacting with an upset voice?  

Approach 
To investigate the impact of car voices and emotions on 
driving, we setup driving simulator experiments. For these 
experiments, we cannot rely on participants being in a 
certain mood or exhibit a certain emotion so we use 
inducement techniques, audio, video, (Gross & Levenson 
1995; Detenber & Reeves 1996) computer tasks (Stafford 
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2004), visualization tasks (Fessler et al, 2004) to ensure 
certain emotions. We also manipulate both the driving 
scenario and the in-car voices for emotional effect and 
content. Voice prompts are designed to vary both in 
linguistic and paralinguistic features such as 1) emotional 
colouring 2) familiar/unfamiliar voice 3) prompts that 
provide warnings and information on road conditions and 4) 
prompts that provide a conversational partner.  

The data from these studies are evaluated both for driving 
performance, are the voice systems helpful, and attitude, are 
the voice system well liked and will hence stay turned on. 
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1 Emotion-oriented systems and the EU HUMAINE Network of Excellence  

 
The application scenario described in this paper, though not a deliverable of the recently 

established HUMAINE European Network of Excellence, is nevertheless informed by many of 
the issues that motivate HUMAINE.  The HUMAINE network (Human-Machine Interaction 
Network on Emotion) is supported under the EU’s Sixth Framework Programme as part of the 
‘IST Priority’ (Information Society Technologies).  Bringing together 27 partners from 11 
countries, HUMAINE’s aim is to lay sound foundations for emotion-sensitive computing in 
Europe.  Among the areas being considered by the network are those where the emphasis is on 
the technological challenge: how to plan and anticipate emotion-related, or affective, actions and 
reactions; how to synthesise signs of emotion; and how to detect emotion.  Other areas are more 
relevant to emotion-enabled applications:  how to use affective language; how to ensure and how 
to evaluate usability.  Still other areas are strongly rooted in psychology: theories of 
psychological processes; and the collection and analysis of empirical data.  Impinging on all these 
issues are the philosophical questions of how to describe emotion, and how to develop and use 
emotion-enabled systems ethically.  To give substance to its efforts, HUMAINE will develop a 
number of exemplars – not full-scale prototype systems, but rather a selection of technological 
illustrations at various levels of sophistication. That said, the affective dialogue scenario 
described in the following sections gives some idea of the potential of a full, working, emotion-
enabled application.    
 
2 Spoken dialogue systems and affective dialogue systems 
 

Spoken dialogue systems are currently used as providers of information or services: they listen 
for key words in a user’s utterances and make an appropriate spoken response.  Such systems can 
be made to sound convincingly life-like: the system’s voice will probably recreate the modulation 
of natural speech, and will probably be able to emphasise important phrases.  If the system has an 
on-screen presence (an avatar or persona), this may be programmed to look pleased when it can 
fulfil a request or concerned when it has to reject a request, and so on.   

An affective dialogue system (ADS) will have all these capabilities, but will add an important 
new dimension: it will be emotion-enabled.  An ADS will assess the user’s emotional state from 
the prosodic and semantic features of their speech, from their gestures, posture and facial 
expressions.  In its turn it will use these same modalities to influence the user’s attitude towards 
the system, determining on-the-fly the affective qualities it should adopt and the means it should 
adopt to realise them.   

 
Key features of an affective dialogue system  

As with a spoken dialogue system, an ADS will use a number of technologies in combination 
to give the impression of naturalistic dialogue. Like a conventional spoken dialogue system, the 
ADS will recognise speech and semantically parse recognised utterances.  It will generate text 
strings of natural language and synthesise speech from them.  An affective dialogue manager 
(ADM) at the heart of the system will decide what the system should do next, given a particular 
combination of inputs from the user.  However, in the range of inputs that the system receives 



from the user, and the range of resources it has at its disposal when it responds, the ADM will 
differ significantly from a more conventional dialogue manager (DM).  

The affective dialogue manager will use probabilistic approaches to interpret the user’s 
emotional state.  It will do so in fairly broad terms given the current state of the art – e.g., given 
these spoken and visual signs (word choice, prosody, gesture, etc.), is the user more probably 
calm or agitated?  For a more accurate assessment of the user’s probable emotional state these 
emotion-related input streams can be correlated with the overall progress of a discourse towards 
some transactional goal – e.g., is the user effortlessly providing the information that the system 
would need in order to reserve a theatre ticket, or is each piece of information being repeatedly 
negated or amended by the user in an unproductive, protracted exchange?  Active strategies can 
be used to clarify remaining ambiguity in the signs of emotion: if, in order to formulate an 
appropriate response, the system needs to know whether the user’s apparent agitation is due to 
anger or confusion, it can, quite simply, ask.   

Having assessed the state of the discourse and the emotional state of the user, the system may 
decide, on probability, to maintain its current dialogue strategies (all is progressing well, so just 
provide the information requested, adopting a confident manner…) or modify its strategies (the 
user seems confused, so provide the information requested, along with additional advice, and 
adopt a concerned manner…) 

Wizard-of-oz experiments during initial phases of ADS development can be used to assess 
different users’ verbal and non-verbal reactions to a simulated, emotionally-enabled system: such 
experiments are crucial for gauging the weights to be attached to signs of emotion in the different 
modalities.  Moreover, the strategies that make human beings effective communicators of both 
emotion and information can be used by an ADS as well. 

 
What are the likely advantages?  

In stereotypical, short service transactions (e.g. buying a ticket) the utility of emotion-
awareness is probably limited to the detection and avoidance of undesirable user states.  Longer, 
mixed-initiative interactions, typically involving several interrelated dialogue topics, and 
entailing problem-solving and negotiation, offer greater scope for the deployment of emotion-
enabled systems – e.g. planning a week-end break.  In these contexts people expect a human 
service provider to show some emotional engagement: interest when they are talking, moderate 
pleasure when they succeed in achieving a goal, moderate concern when they have difficulties, 
and so on.  An affective dialogue system should attempt to match that kind of behaviour.  The 
system’s reactions should be subtle and human-like: a usable affective dialogue system will have 
to do much more than synthesise and react to full-blown, archetypal emotions.  An appropriate 
level of affect should make users feel more comfortable working with the system and improve the 
outcome of the dialogue, in much the same way as a conversation with a sympathetic dialogue 
partner tends to be a more satisfactory experience than a conversation with a disengaged, 
distanced interlocutor. 

 
Timeliness of experimentation with affective dialogue 

Efforts to improve individual emotion interpretation components (subsystems that can 
interpret the likely emotion-related significance of a facial expression, gesture or tone of voice) 
are already underway, not least in HUMAINE.  However, since the performance of individual 
emotion interpretation components is unlikely to improve rapidly in the near future, an affective 
dialogue system provides an excellent context in which to investigate the combined capabilities 
of current, imperfect technologies, and to gauge the effect of changing a particular component’s 
behaviour.  Implementing and optimising an affective dialogue system is a challenge that is 
waiting to be tackled!   
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ABSTRACT: We propose a contextual user-emotion-based analysis (CUEBA) approach to 
analysing multimedia content. This approach enables the automated extraction of emotion-
related semantics based on user facial expressions and physiological responses while 
viewing and capturing multimedia content.  
 
‘User-in-the-loop’ multimedia content analysis 
The digital multimedia information age has meant that the volume and type of information 
readily available to us is changing. With increasing frequency, users are accessing 
multimedia documents, such as video and audio files, which are rich in semantic content, but, 
unlike text, the meaning is embedded in multiple modes of communication. This poses new 
challenges in computing, modelling and querying such content. Furthermore, the proliferation 
of Internet-ready devices with various screen sizes, sound capabilities, control interfaces and 
bandwidth capabilities has meant that users increasingly require personalised multimedia 
content, based on individual taste, and usage scenarios [1].  
 
Multimedia content analysis is concerned with developing automated methods to identifying 
and extracting the range of semantics embedded within a multimedia document. This is 
normally achieved by analysing the digital media signal for low-level features. In the case of 
video, these features include colour, texture, shape and object motion. Despite many 
exceptional and innovative approaches, multimedia content analysis is still challenged by a 
‘sensory gap’ that exists between real world 3D objects and events and their 2D multimedia 
representations and a ‘semantic gap’ that between abstracted semantics and the users’ 
interpretations of these [2]. This constitutes a loss of real-world and interpretative detail when 
determining meaning from the media stream in isolation. 
 
Traditionally, solutions for multimedia content analysis have ruled out user involvement as a 
viable means of assisting the process in pursuit of the dream of full automation and minimal 
inconvenience to the user. In recent years, however, research [3, 4] has begun to question the 
feasibility of purely automated approaches and sought to bring the user ‘into the loop’. This 
research has demonstrated that minimal user input at the point of media capture can provide 
valuable contextual metadata that goes some way to closing the longstanding challenges of 
the sensory and semantic gaps.  
 
CUEBA – Contextual User-Emotion-Based Analysis of multimedia content 
With a view to exploring the ‘user-in-the-loop’ approach to multimedia content analysis 
further, coupled with the goal of extracting high-level semantics well suited to offering 
personalised content to the end user, we propose a Contextual User-Emotion-Based Analysis 
(CUEBA) approach to multimedia content. CUEBA is inspired by work in the HCI domain 
that focuses on the development of emotionally-intelligent computer systems [5], as well as 
technological developments, such as SenseWear® PRO2 Armband from Bodymedia, and 
automatic facial recognition techniques such as those used by Ekman and Friesen [6].  
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Initially, the CUEBA approach requires the user to wear relevant physiological sensing 
equipment. In this case, the user’s Blood Volume Pump (BVP), Heart Rate (HR), Galvanic 
Skin Response (GSR) and respiratory patterns are measured unobtrusively, via wireless 
wearable sensors. In addition, a digital camera captures the user’s facial expressions. 
Emotional responses are recorded digitally whilst the user captures, analyses and views 
multimedia content. The resulting data is processed to abstract emotional criteria such as 
valence and arousal ratings and, where possible, compute basic emotional categorisation. The 
abstracted information is stored in the form of emotion metadata and mapped temporally onto 
the multimedia content. The result is personalised emotional metadata which represents the 
high-level semantic content of the multimedia document and can be used to deliver generic 
and personalised summaries and highlights of multimedia content.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 is an overview of CUEBA, and shows how physiological responses and facial 
expressions can be applied to generate emotion metadata at the capture, analysis and viewing 
stages of the multimedia document lifecycle. At the capture stage, contextual and 
physiological data is recorded and bound to the captured content. It is then computed to form 
metadata-enriched multimedia information and content. The analysis stage presents 
opportunities to collect further emotional metadata in more controlled conditions. Valence 
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and arousal ratings and basic emotions are then computed using a combination of emotional 
response data captured at both the capture and analysis stages. These are then used to abstract 
generic representations of emotional content. Finally, the multimedia content is stored in a 
multimedia repository together with generic emotional metadata. At the viewing stage,  
multimedia documents are accessed by individual users whose emotional responses are 
measured and used to develop highly personalised emotion metadata representations of the 
multimedia content. 
 
Concluding remarks 
In pursuit of a fully functional CUEBA approach at every stage of the multimedia life cycle, 
we initially plan to carry out empirical experimentation to measure physiological aspects of 
the users’ emotional response whilst viewing various popular multimedia content using a 
ProComp Infiniti TM 8-channel, multi-modality encoder. Specifically we will be measuring 
respiration, galvanic skin response, heart rate and blood volume pump. In addition, we will be 
observe, and record (for later analysis) spontaneous facial responses to multimedia content, 
and code these using FACS [7]. Whilst developing the CUEBA approach, we aim to: 
 
• Explore the extent to which a variety of common multimedia content, such as film, sports 

video, and news reports, elicit user responses. 
• Develop methods of interpreting user response data, within the various content domains. 
• Develop personalised summaries and highlights of multimedia content, based on 

interpreted user response data. 
• Validate empirically via user testing the extent to which user response data can be used to 

infer personalised summaries, highlights and memorable multimedia content. 
• Develop a prescriptive model that enables effective and efficient mapping of user 

emotional response to multimedia content summaries and highlights. 
 
CUEBA represents a new direction for multimedia content analysis research, adopting a user-
in-the-loop approach to content analysis. The approach supports personalised high-level 
semantic abstraction, whilst requiring no conscious cognitive involvement from the user. This 
represents a major step to overcoming the semantic and sensory gaps that have challenged 
multimedia content analysis domain for well over a decade. 
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Abstract. This paper reports on a study of peoples’ experiences and emotions when using technology. 
Early results from the study give insight into a range of emotional responses to technology and the  
factors influencing them. The results suggest that a highly significant element of users’ experience of 
technology is related to the social context of use. We propose different dimensions of social context 
and explore social interaction using technology. 
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1. EMOTIONS AND TECHNOLOGY 

In every day life we experience a rich variety different situations; from walking through a park full of fresh flowers to 
working out different functions of our new mobile phone or simply having a coffee with a friend. Emotions and 
affective responses are central parts of our experience and frequently shape and colour the kinds of experience we 
have. Recently, the concepts of user experience and emotion have been receiving growing attention within the 
Human-Computer Interaction community as a way of adding value when designing products. It is no longer 
sufficient for a product to be simply usable or aesthetically pleasing, but it needs to evoke positive emotional 
responses [13, 16].  
Traditionally emotions were studied in the fields of psychology and sociology. However, this interest has extended 
to the fields of marketing and computer science. One of the fields within computing is Affective Computing, where 
computers are designed to adapt their behaviour to match that of the user [1, 15]. Other researchers [17, 20] 
reported that factors such as pleasure, enjoyment, fun are an important part of the overall experience and 
interaction with a product. Other studies within Human-Computer Interaction explored users’ enjoyment when 
working with technology [3,17], or focused on positive user experience with personal computers [8,9,18]. For 
instance, Kashdan reported users experiencing pleasure when absorbed in specific novel activities using 
technology [11]. 
Jordan defines pleasure with products as the ‘emotional, hedonic and practical benefits of product use” [10]. He 
distinguishes four categories of pleasure: physio-pleasure, psycho-pleasure, ideo-pleasure and socio-pleasure. 
The latter will interest us most here and arises from interaction with others or from a product that represents a 
social grouping.  
It appears that user experience and emotions are integral part of a design and can be influenced by many factors 
[10]. In addition user experience and emotions are very much dependent on the time and context of use. One of 
the focuses within this area that has recently received attention is user experience in social interaction [e.g. 6,7,20]. 
Forlizzi and Battarbee argue that “social situations greatly influence co-experience” (p.263), where co-experience 
is about user experience in a social context [7]. 
This paper begins to explore how social context and the experience, especially positive experience, of technology 
use are intertwined. The exploration emphasised emotions that are associated with positive user experience (e.g. 
pleasure, enjoyment, fun) when using technology (e.g. PDAs, digital cameras, mobile phones, i-pod, interactive 
TV, and computers) in social contexts and interactional settings. 
 
 



2. DESCRIPTION OF THE STUDY 

The two sets of studies we carried out, the first consisting of 13 interviews and second of 2 focus groups. 
Participants were asked to talk freely about their understanding and examples of experience when using 
technology, and discussed having pleasurable or “hedonic” experiences while using mobile phones, digital 
cameras, PDAs, i-pod, interactive TV, computers, and various software packages. Interviews lasted 30-50 minutes 
focus groups 50-65 minutes.  All sessions were audio taped, and data were then transcribed and analysed to 
extract high level concepts and themes that captured participants’ experiences with technology.  

2.1 Results 

2.1.1 Hedonic experience and technology 
When interacting with technology people identified five distinct types of experience: pleasure, enjoyment, 
excitement, fun, and happiness.  Several factors shape the felt experience, including the functionality provided by a 
device, the usability of which the functionality is delivered, and the social setting in which use takes place (reported 
elsewhere: [17]). 

2.1.2 Factors affecting user experience 
Five main factors were identified that appeared to shape the nature of the experience felt by technology users. 
These factors were: functionality, usability, aesthetics, physical factors and social element. 
It was apparent from participants’ comments that functionality would determine the usage of a specific technology. 
People very often look for functions that would help them in activities they need to perform even when ‘on the 
move’ as one participant noted:  

“…I have used it as my travelling office… So I would write a report if I’m on a plain using my PDA, or work out the 
conference budget.” 

Furthermore, the important issue is to provide functionality that is transparent to the users and allows the efficiency 
of the technology being exercised to its full potentials “… it’s functional, it does all I need to do “ commented one of 
the participants discussing his PDA. Another one noted: 

“… if the functionality there is transparent and it’s kind of intuitive and you can relate these piece of technology or 
interaction that you perform with something from your prior experience with a different thing you’ll find it that it can improve 
your interaction.” 

 
Usability was another crucial factor pointed out by participants; one remarked “… it has to do all the things that I 
want it to do without all the hassle”. The important point was that users expectations also changed over time and 
the issues of having technology, which would do the work is not enough. Users expect technology to improve their 
quality of life as one of them commented: “ … it makes my life easier.” Furthermore, having technology for only its 
look and ‘coolness’ is not enough. People want to use it in a ‘walk up and use it’ manner. If it does not do what is 
expected to do, they ‘walked away’ from it and choose another one [2]. Therefore, usability seems to be of high 
importance not only in relation to ‘goal’ oriented usability but also in context of user experience. This is well in line 
with Pilke’s study, where the “requirements for a flow-inducing interface seem to be exactly the same as demands 
for a usable user interface” [14, p 9].The issue of a good usability that endorse flow (enjoyable experience) was 
raised also by Finneran and Zhang [5]. They argue that perceived ease of use is a person’s perception of being 
able to use an artefact, which in turn influences flow.  
It was apparent from the participants’ statements that aesthetic and physical factors can enhance their experience. 
The appeal of an artefact created very positive emotions, which in turn brought some pleasurable experience to its 
user. When asked about the nature of there experiences of a device, one participant responded: “…it’s attractive 
and it’s small …it’s got nice shape, … it feels nice in your hand” or “…should be easy to hold” was a comment of 
another participant.  However, it emerged from the data that aesthetic does not only apply to an attractiveness of 
the appearance of technology but also has a much deeper meaning for technology users. People look for 
aesthetics within the interaction between a user and a product. The smoothness, pace and rhythm of interaction 
appear to be of a high importance when technology is concerned. Here is an extract from an interview confirming 
this point:  

“…is very slick, very smooth, well designed, and shiny and nice … it’s just elegant. And it also has a deep interaction 
style. So you’ve got the stylishness on the surface and you got the deep stylishness … the other thing that it does is 
seamlessness. … interaction that has a voice … there isn’t just brunt, there isn’t just efficient and effective … but it gives 
you more.” 

 

2.2 Technology experience in context  
The way the use of a technology relates to the social context of its use also appeared to be a significant factor.   
The issue oscillates around people using the same technology in some shared way. This paper unfolds two issues 
related to social element. Firstly, it defines what is social context, and secondly what is social interaction using 
technology.  

2.2.1 So, what is social context? 
An important element of social context is the setting in which interaction takes place [17,19]. Participants identified 
three social settings when using technology. These are: work environment, public spaces (e.g. underground 



station, plane) and private spaces (e.g. homes). It was apparent that the usage of technology and reasons for use 
differ when environment changes; as one of the participants commented:  

“ …it’s social. I don’t watch movies on my own … my computer is nothing but an entertaining centre. . . it gives me a great 
pleasure whenever I have friends over because there is something nice about having technology on control.” 

Moreover, people feel very proud of their artefacts especially if it raises interests from external observer. The 
comments from one of the participants’ support this claim:  

“… whenever I take it out [referring to PDA] people always get … uuuuuu, what’s that … it makes me feel proud …” 
or another comment  

“…I still remember the time when I was on the airplane. It was a long flight … I was working on my paper and I was using 
my PDA to do the work… errr… and the stewardess she was very curious what I do and she asked me if I could explain to 
her what’s this was I was working on. So I explained that it was a document I was working on and I was using my PDA to 
write a report which I then can upload and print and everything else …and she was going wow, wow … this was cool.” 

This is in line with Jordan’s approach to design pleasurable products where social pleasure is associated with 
belonging to a social group [10].  

2.2.2 Technology-Mediated Interaction 
The way a technology mediates features of the social context in which it is used may take a number of forms. For 
instance, a piece of technology may function as a medium of communication between people, providing them with 
new channels for social interaction. There are different ways of social interaction; it can take a form of a text (e.g. 
using mobile phone or email, or transferring files through wireless communication), mobile game played with a 
friend, or graphics (e.g. viewing pictures through emails or on a digital camera). Sharing digital photo with friends 
and family is a common behaviour. It is often done via email or by posting them on the web [4].  
Technological artefacts were also found to play different roles in social interaction, beyond simply being a medium 
of communication. For instance in one mode of use of a digital cameras or camera phones that was reported a 
number of times, communication takes place not through the technology, but alongside it. A common practice with 
such devices is to take a photograph and then immediately to show it to the subject, engendering a rather different 
and more interactive and engaged form of experience than that involving remote communication [19]. It was 
reported by participants that these activities are pleasurable and enjoyable as one of them noted: 

“ … my kids when I take a photo they run up and say: ‘can I see it’. That becomes a social thing and we all enjoy it.” 
All of these activities evoke emotions, which are a central part of user experience. They shape interaction between 
user and a product and they change when social context is concerned.  

3 DISCUSSION AND CONCLUSION 

When designing interactive systems that can be used for social interaction, it is important to understand what 
creates a particular experience and which emotional outcomes are related to it. This will result in products being 
not merely utilitarian but enhancing the quality of experiences. 
The results established that technology changes people’s experience and emotions when is used for a social 
interaction within diverse social settings. Furthermore, technology can be used not only as a communication 
medium but more interestingly as a catalyst to support a non-technological communication (e.g. kids 
viewing/sharing the pictures on the camera where the camera is no longer a communication medium but it 
supports face-to-face communication). Further studies need to be conducted to explore these issues and provide 
some design implications to support social interaction using technology. The context of use of technology will bring 
new challenges not only for research of user experience and emotion but also for designers facilitating these 
challenges. 
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Abstract. Current theories from psychology on emotions can be grouped into 
theories that focus on the biology of how emotions arise and how they are 
experienced, theories about how they affect thought action repertoires and 
physiological patterns, and theories focusing on how observed emotions could 
be categorised or structured. This list is not exclusive but provides a range of 
active emotion research. Other models, like OCC, take a descriptive, appraisal-
based approach but neglect some fundamental principles underlying emotions, 
which are necessary to react sensibly to a detected emotion. The need for 
specific emotion theories in designing and studying human computer 
interactions depends on the goals of the specific application or task.   This paper 
suggests that an HCI specific working definition could make the relationships 
between the models clear so that a complex artificial system can operate 
effectively and efficiently. The working definition should be flexible enough to 
accommodate future ideas but should set parameters for how to define the 
relationships so that work on an individual part could be used in large scale 
applications. 

Introduction 

Current theories from psychology on emotions can be grouped into theories that focus 
on the biology of how emotions arise and how they are experienced, theories about 
how they affect thought action repertoires and physiological patterns, and theories 
focusing on how observed emotions could be categorised or structured. This list is not 
exclusive but provides a range of active emotion research. Other models take a 
descriptive, appraisal-based approach but neglect some fundamental principles 
underlying emotions, which are necessary to react sensibly to a detected emotion. The 
need for specific emotion theories in designing and studying human computer 
interactions depends on the goals of the specific application or task.   
To provide a framework for working with emotion in HCI we identified three 
categories of emotion related HCI work.  First, a primary category is the assessment 
of user experience.  This category assumes human computer interaction, a human 
observer (i.e. the practitioner studying the interaction), identification of affective 
states, and post-hoc adjustments to the system based on observations.    In the second 
category the computer is capable of monitoring human computer interaction and 
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identifying emotional behaviour.  For example, a significant amount of research is in 
progress to automatically detect and recognize facial expressions.  However, it is still 
necessary for a human observer to interpret the meaning of the facial expressions with 
respect to the specific context. The third goal assumes the computer is identifying 
emotional behaviour, attempting to interpret behaviour, and possibly synthesize 
appropriate emotional behaviour in response.  There is a growing body of research on 
developing intelligent virtual agents that both recognize and synthesize expressive 
human behaviour (see [1]). The common components in each category are humans 
interacting with computers, identification of emotions, and construction of an 
appropriate response.  The difference between the goals is where the responsibility 
lies for each of these components, with the human or the computer.  
The goal of this paper is to propose a general framework for working with emotion in 
HCI independent of the category of emotion related HCI work.  Since theoretical 
aspects on how emotions arise, when and how they are perceived, and which 
biological mechanisms induce them are beyond the scope of defining a framework, 
these approaches won’t be discussed here. Please refer to the respective literature (e.g. 
[2], [3], [4]).  We will first give a short overview of  three widely discussed theories 
for structuring and modelling emotions.  Next we will identify the problem with these 
theories in HCI research and discuss how researchers in HCI can create a framework 
for working with emotion. 

Theories for Structuring Emotions 

Among the theories for categorising or structuring emotions, two main theories are 
currently established: a discrete approach, claiming the existence of universal “basic 
emotions” (e.g. [5], [6]), and a dimensional approach, assuming the existence of two 
or more major dimensions which are able to describe different emotions and to 
distinguish between them [7]. The field of artificial intelligence has generally 
accepted a computational model of emotion. There is still controversy on the matter 
of which approach is the one that best captures the structure of emotion even though 
attempts have been made to conflate the dimensional and discrete approaches [8].  

Discrete Emotion Theory 

Discrete emotion theories claim the existence of historically evolved basic emotions 
which are universal and can therefore be found in all cultures. Several psychologists 
have suggested a different number of these, ranging from 2 to 18 categories, but there 
has been considerable agreement on the following six: anger, disgust, fear, happiness, 
sadness and surprise. Several arguments for the existence of these categories have 
been provided, like distinct universal facial signals, distinct universals in antecedent 
events, presence in other primates etc. Ekman (and also other researchers) based his 
assumptions mainly on the facial expression of emotions. In his studies, facial 
expressions of emotions were recognised by people from very different cultures.  
Russell [9] however found that there are differences in the recognition ability for 
subjects of different origins. While western literate groups widely agree about 
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emotions presented by photographs, people from isolated groups often do not agree 
with them. These differences challenge the universality view. Carroll and Russell [10] 
conducted an experiment focussing on emotion recognition from pictures in a 
semantic context and found first, that they could not replicate the high recognition 
rates for the POFA (Pictures of Facial Affect [11]) that had been reported and second, 
that there exists situational dominance when pictures are presented in an emotionally 
different context. For further discussion and empirical evidence please refer to [12]. 

Dimensional Emotion Theory 

Dimensional emotion theories use dimensions rather than discrete categories to 
describe the structure of emotions. According to a dimensional view, all emotions are 
characterised by their valence (pleasure), arousal (activation), and dominance 
(control, social power). Some models have suggested an even greater number of 
dimensions, but the additional dimensions could usually not add much to the overall 
variance that could be accounted for. 
However, arousal and valence have proved to be the two most important dimensions 
[13]. Cowie et al. [14] suggested additional features that are not part of every 
emotion, but of certain ones. They found that some emotions that share the same 
degrees of arousal and valence but are perfectly distinguishable in everyday life (e.g. 
fear and anger) could be better discriminated by comparing these additional features. 
When Russell started conducting self-report studies on the structure of emotion with 
the two-dimensional approach, he discovered a specific ordering of the words 
describing the felt emotions. The ratings did not fall in every area of the coordinate 
system, but instead clustered around the periphery of a circle. He called the resulting 
configuration the Circumplex of Affect. This structure has been replicated many times 
in English and many other languages (e.g. [13], [15], [16]) and it has also been 
challenged, e.g. by Bradley et al. [17]. For further discussion and empirical evidence 
please refer to [12]. 

OCC 

Ortony et al. [18] have developed a model for representing emotions in AI systems 
which is also well suited for modelling emotions, see for example [19], [20], [21], 
[22]. It was developed to enable computers to “reason” about emotions in the context 
of problem solving and cooperative task planning. The OCC model follows a 
cognitive structural approach and uses rules for defining emotional states. Emotions 
are defined as functions specific to certain situations (events), expressed as the 
desirability of an event assigned by a person at a given time. Emotions here are 
modelled as valenced reaction to an event. 
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The Problem with Current Emotion Models 

Choosing the Right Model 

The discrete and dimensional approaches for structuring emotion described above are 
two main theories followed in current emotion research. Russell and Feldman Barrett 
[8] have made an attempt to combine the two approaches (using dimensions as well as 
discrete emotion categories). They suggest that the reason for the existence of two 
seemingly opposing theories is that both approaches relate to different concepts of 
what exactly is being defined as emotion and that, keeping this in mind, they can 
indeed be combined. While those theoretical issues are of no practical importance for 
HCI, the differences of the two models are significant. They not only represent 
different ideas about how emotions should be described and structured, but also, as a 
consequence, about how emotions can be observed and assessed and how they could 
be handled within a system (cf. [12]). OCC complements the two with its descriptive, 
appraisal-based approach. 
Hence, when opting for existing emotion models, one has to commit to one emotion 
model or the other prior to any other step and stick to it throughout the whole project. 
For the researcher interested in emotions occurring at HCI this has profound 
consequences for outline and results of the study. The outline of an experiment is 
strongly influenced by the model chosen, from the hypotheses (what will be 
measured, what outcome is expected), to the tasks to be performed by the subjects 
(inducing discrete emotions is different from inducing certain arousal and valence 
states), to how the measured data will be stored, annotated, and analysed. The 
emotion assessment by the subjects depends on the model-specific scales provided, 
and the comparability of the study’s results with other studies relies on comparable 
models as well. 
For the designer of an emotion-aware system, committing to a model means that at 
the very first step of drawing up the system one has to choose the approach that best 
meets the requirements the system has to meet, that is for a definition of the structure 
of emotion that will be used throughout the system. This decision is a key element of 
the design process since it has significant effects on system characteristics like the 
number and sort of user states that can be distinguished, the level of detail of the 
emotion information, how emotion information can be stored and communicated 
within the system, which analyses can be performed with which degree of accuracy, 
and which and how emotions can be synthesized and displayed. 
Sadly, emotion models so far have either been developed for studying,  structuring, , 
or modelling emotions, but no model exists which serves all three purposes. To go 
ahead with HCI specific emotion research, we hence suggest to develop a working 
definition which might later be developed to a set of recommendations for an HCI 
specific emotion model. 
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Working Definition 

Despite opposing and incompatible models of emotion, we can create a framework for 
understanding and designing affective human-computer interactions. We advocate for 
the use of a working definition of emotion(s). The advantage of a working definition 
of emotion is that one can construct a framework to ask experimental questions, 
design methodologies, and interpret results without bothering too much with 
psychological aspects In contrast to EARL [23], the emotion annotation and 
representation language suggested by HUMAINE [24] and currently under scrutiny 
by the W3C Emotion Incubator Group [25], a framework as proposed here goes 
beyond pure description. It considers emotions as an ongoing, ever changing process. 
Based on Larsen and Fredrickson’s working definition [26], we suggest the following 
assumptions about emotion:   

(1) Emotions are multifaceted processes that unfold over time,  
(2) Emotions are induced by internal or external events, 
(3) Emotions manifest themselves in multiple channels, resulting in specific 

physiological patterns, and  
(4) Emotion channels are loosely coupled and may interact in complex ways. 

 
Assuming such a working definition provides a theoretical basis for the methods used 
to elicit, recognize and respond to emotions. Our working definition includes four 
assumptions. First an affective state is a multifaceted process [27]. One part of this 
process is an occurrence of an internal or external event. An example of an external 
event is interacting with a computer that is not functioning properly. An example of 
an internal event is thinking about previous or future experiences but not directly 
interacting with the surrounding environment. The second assumption is that an event 
(internal or external) can cause a specific internal affective state. The internal state is 
not directly measurable [26]. Third, the affective state can cause a measurable output 
in one or more affective channels [28] [26] [29] [30]. However, the measurable output 
is not the internal state.  The measurable output is a consequence of the internal state. 
In other words, there is a gap between what sensors detect and the actual affective 
state.  The computer system or human must use the measurable outputs to make an 
inference about the internal state of the person.  This is a step removed from the actual 
internal state. Finally, the fourth assumption is that internal states are complex and we 
assume that there may be more internal states than there are ways to uniquely express 
these states (or at least accurately differentiate the states). 
Larsen and Fredrickson [26] suggest considering three additional issues when 
constructing a working definition: are emotions (1) discrete and / or dimensional, (2) 
states and / or traits, and (3) event related and / or diffuse?  The discussion in this 
paper has centred on the former because it is a widely debated topic and a key issue 
HCI researchers must acknowledge and address. 
While the four assumptions stated in the working definition may set a framework for 
designing and comparing affective HCI systems they do not suggest a single emotion 
model (discrete, descriptive, or dimensional) for use in the HCI domain. Thus, it is 
important to also define the parameters of the project by clearly stating 
goals/objectives for the study or application. In this process researchers should 
determine the level of granularity that emotions need to be represented or specified. 



6      Elizabeth Crane*, Christian Peter** 

Conclusion 

In this section we used the debate between discrete and dimensional emotion theories 
to illustrate the confusing and complex nature of using emotions in HCI. One problem 
we currently face is the inability to adequately compare and evaluate existing emotion 
related HCI research. The reason it is difficult to compare and evaluate is because 
assumptions about emotions are not always stated or clearly defined.  Fortunately this 
problem has a simple solution. We advocate all emotion related HCI research begin 
by stating a working definition of emotion. Additionally indicating the 
goals/objectives of the project will make a rationale for model selection explicit.  
Another problem HCI researchers face is that the goal/objective of affective systems 
are becoming more complex. We are quickly moving beyond trying to design systems 
that have a single task to sense emotion, for example. These systems are growing 
more complex and likely require multiple compatible emotion models (one for 
sensing, representing, modelling, and displaying emotions).  
For an artificial system that does just one of these tasks the most appropriate model 
can be selected (and, of course, stated). However, for complex artificial systems 
multiple models may be necessary. This poses a significant problem. For example, to 
design a complex artificial system that senses, represents, and displays emotions we 
currently need to select an emotion model/theory for each of these tasks. The problem 
this poses is that each of these tasks depends on information from the other tasks since 
they are not independent. So if there isn't compatibility then the system will not work 
effectively or efficiently. A pure representation language like EARL (as suggested by 
HUMAINE1) cannot solve this problem for advanced HCI applications. In our 
opinion emotions need to be considered as a process and put into context. 
The question we are left with is, how do we ensure that research results from a single 
task (such as sensing) or from multiple  tasks (such as sensing and representing) will 
be global enough so they can be generalized and used in complex systems.  
We believe an HCI specific working definition could, with some added assumptions, 
make the relationships between the models clear so that a complex artificial system 
can operate effectively and efficiently. The goal is to not work in a vacuum even if 
when working on just one part (such as sensing). The working definition should be 
flexible enough to accommodate ideas we haven't even dreamed of but should set 
parameters for how to define the relationships so that work on an individual part, like 
sensing, could used in large scale applications.  

Discussion 

This paper identified a problem in emotion related HCI research and development. 
We need to understand and select appropriate theories from emotion research for use 
in HCI. It is also critical to state our assumptions about emotions in order for other 
researchers to fairly interpret and compare results. We propose that beginning HCI 

                                                           
1 This statement refers to the EARL proposal as published in [23], September 2006. It might 

well be that the W3C Emotion Incubator Group [25] will consider the process character and 
context dependency of emotions in the revised proposal for EARL. 
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research or application development by creating a working definition will benefit this 
effort. 
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Abstract. This paper describes the construction of an experiment on objective and subjective measurement of 
affective user states. The work was undertaken in the context of the project e-SENSE, ‘Capturing Ambient 
Intelligence for Mobile Communications through Wireless Sensor Networks’1. Five emotional states were 
induced via video-audio presentation. Subjective ratings based on two different models of emotion were made 
while a number of physiological parameters were recorded from the subjects. Results of a pretest on material 
validation are presented, where different problems were encountered. Improvements were made for the main 
study. First results of the main study are presented and future analyses on model evaluation and physiological 
correlates of emotions are discussed. 

Keywords: Emotion, Emotion modelling, Emotion measurement, Emotion-aware-systems, 
Psychophysiology of Emotion 
 

1   Introduction 

In human-computer interaction research there is great ambition to enhance the emotional exchange 
between humans and the computer (e.g., Pantic & Rothkrantz, 2003). Computers that are 
emotionally intelligent could respond highly user-adaptive. Adaptivity of applications to the user’s 
state is also an integral part of the e-SENSE project (c.f., www.e-SENSE.org). e-SENSE is 
concerned with capturing and providing context information to mobile communication systems via 
wireless sensor networks.  
Much of the research towards man–machine interfaces with the capability of emotional adaptivity 
concentrates on facial expression recognition and speech analysis (e.g., Cowie et al., 2001). Both 
are very reliable indicators for emotional state variations (see also, Scherer, 2000, Schröder et al. 
2001). Kim et al. (2004) propose that physiological signal analysis is a more natural means of 
emotion recognition because speech and facial expression can be suppressed easily. They 
successfully inferred emotional states from heart rate and electrodermal activity.  
However, wireless sensors as developed and utilised in e-SENSE enable an unobtrusive, 
lightweight application for physiological as well as other parameters.  
Therefore, the most promising physiological parameters, namely heart rate, electrodermal activity, 
and facial muscle activity as well as voice are utilised to infer five emotional states. Suitable 
modelling approaches for emotional state inference are compared and selected for inference 
algorithms depending on their predictive power regarding the physiological data. Finally, the 
inference algorithms will enable the development of smart applications in e-SENSE that provide 
meaningful services based for instance on the user’s emotional state.  
 

2   Experiment 

2.1 Objective of the experiment 

The experiment had two objectives. It was conducted to  

                                                 
11  www.ist-e-SENSE.org.  e-SENSE is an Integrated Project (IP) supported by the European 6th Framework 
Programme, contract number: 027227. The authors would like to acknowledge the contributions of their 
colleagues from the e-SENSE Consortium. Special thanks go to Prof. Dr. B. Krause from Humboldt 
University Berlin and Stefan Kupschick, HFC. 

mailto:zentsch}@human-factors-consult.de
http://www.ist-e-sense.org/


 gain a suitable sample of physiological data based on emotional state changes for the 
development of emotion inference algorithms. 

 compare two models of emotions regarding their suitability to predict changes in 
physiological data based on different emotional states.   

2. 2   Emotion Modelling 

There are two widely accepted coexisting approaches to Emotion Modelling, which can just be 
described here very briefly (for a more detailed description, see Peter & Herbon, 2006). Advocates 
of the discrete or factorial approach (e.g. Oatley & Johnson-Laird, 1987; Ekman, 1992) assume the 
existence of a set of universal, so called Basic Emotions that can clearly be distinguished from one 
another and form the basis for all other emotions we might experience. There is some controversy 
on the number of these emotion factors, but 6 have been widely accepted, which are anger, disgust, 
fear, happiness, sadness and surprise.  
Advocates of the Dimensional Approach (e.g. Russell, 1980; Västfjäll et al., 2000) claim the 
existence of two (or more) major dimensions that are sufficient to describe and distinguish 
between different emotions, i.e. the dimension of valence with the poles positive and negative and 
the dimension of arousal with the poles calm and excited. Sometimes, an additional dimension of 
dominance with the poles strong and weak is suggested (Bradley & Lang, 1994). We opted for 
using three dimensions to be able to differentiate between emotions that would be only 
discriminable in this third dimension, e.g. fear and anger are negative and excited but differ in 
dominance. Therewith, the 6 basic emotion factors fall clearly discriminable into the three 
dimensions of the Dimensional Approach and a model comparison can be realised.  

2.3  Experiment concept 

Emotion induction 
The main goal of the construction of the material that was to be used for inducing different 
emotional states was to give consideration to both approaches of modelling emotions, since both 
models are to be compared as to their suitability of explaining physiological changes and their 
social validity, i.e. their acceptance by test subjects. 
We constructed five films of a mean duration of approximately 4.5 minutes. They were intended to 
induce emotions in all four quadrants of the coordinate system shown in figure 1. In addition, they 
had to represent one of the six basic emotions previously mentioned. 

Arousal 

2a&b 1 

Valence 5 

3 4 

 
Fig. 1. Films in all four quadrants of the coordinate system (note that number 5 indicates a 2.5 
minute baseline-phase which was recorded before the beginning of the first movie) 

Film 1 was to induce a positive arousing emotion, i.e. something like happiness. For this purpose a 
short, supposedly funny cartoon was chosen. Pretests proved the validity of this film. For 
evaluation, three dimensional ratings (degrees of valence, arousal and dominance) and one 
categorical rating (a decision between the six emotions and “none of the above”2) were collected 
from the subjects. For film 1 all dimensional ratings were located in the correct quadrant – 
quadrant 1 – and all subjects chose happiness from the basic emotion list. 
Similar validity resulted for Film 3 and 4, which induced negative and positive calming emotions. 
Unfortunately, there is no basic emotion in the list, which can be represented as part of quadrant 

                                                 

2 

2 If a test subject chose „none of the above“, i.e. felt none of the six basic emotions, an additional statement 
was to be made concerning the nature of the actual feeling. The subject was to state whether no emotion was 
experienced at all or if an emotion different from the ones in the list was felt and which. 



four. However, out of the basic emotion list, happiness was chosen by the majority of the test 
subjects. 
There are two basic emotions that – if rated concerning their valence and arousal – are both located 
in quadrant 2, which are anger and fear. Based on the two ratings alone, it is not possible to 
distinguish between the two. For that purpose an additional dominance dimension, with the poles 
strong and weak has been included. Anger is usually supposed to be of high, while fear is 
supposed to be of low dominance. However, for now we can not prove this assumption. Probably 
the most effort of the material construction phase was put into the film that was to be used to 
induce anger. However, the results of the pretests show that the goal could not be reached (see 
figure 2, left) as far as basic emotion ratings are concerned. We considered a lot of different film 
material and had it evaluated by different subjects, but finally did come to the conclusion that it is 
not possible to induce anger in the highly specific way we intended to, using 5-minute passive 
film-watching only. In order to get angry, people have to be involved, so interactive scenarios 
seem much more suitable for this purpose. As far as dimensional ratings are concerned, the film 
can be considered valid (see figure 2, right). 
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Fig. 2. Basic emotion (left) and dimensional3 (right) pretest rating results for film 2a (anger) 

Emotion self assessement 
Two types of rating scales were used for emotion self assessment, namely six pictures from the 
Pictures of Facial Affect Data Set (Ekman & Friesen, 1976) for the Basic Emotion Model and the 
three SAM-scales (Lang, 1980) for the dimensional model (figure 3).  
 

 
Fig. 3. SAM-Rating-Scales for valence (top), arousal (middle) and dominance (bottom) 

The four scales – three for the dimensional model and one for the basic emotion rating – were 
presented on the projector screen subsequently. The ratings were given orally to collect the voice 
data. The rating graduation was acquired via letters to avoid pole changes for the dimensional 
scales. The subjects were asked to give their assessment in a whole sentence, e.g., “I feel like 
picture A./I feel like person F”.  
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3 So far, only valence and arousal ratings have been considered for the analyses, since no specific 
patterns could be found in dominance ratings upon first global analyses. A more thorough 
investigation will follow in the near future. 



Physiology measurements 
The physiological parameters were assessed with the HealthLab system (Koralewski Industrie-
Elektronik oHG) applying 4 processing units or “satellites” for Electrocardiogram 
(ECG)/breathing rate, Electrodermal Activity (EDA)/skin temperature, Electromyogram (EMG), 
and Voice. An example of the system is depicted in figure 4. 
 

 
Fig. 4. The HealthLab system applied on a dummy with three data satellites ECG-derivation, chest strap, 
EDA derivation and Electrooculogram, which was not assessed in this study. 

Each satellite transmitted the collected data to a master satellite. The master then transmitted the 
data via Bluetooth to a laptop equipped with the system software.  
ECG was measured by push electrodes applying a bipolar chest wall derivation adapted after 
Wilson V6. A chest strap measured the breathing rate of the subject. EDA was derived from two 
cup electrodes on the palm of the subject’s hand. Skin temperature was measured with a skin 
sensor on the subject’s wrist. 
The EMG was derived via cup electrodes on the musculus corrugator supercilie and the musculus 
cygomaticus major (c.f., www.face-and-emotion.com). Finally, the voice was accessed via throat 
microphone.  

2.3   Setting and Procedure 

The trials were conducted in a laboratory of I-Lab, University of Surrey. The subjects sat in a 
separated 3.2mx4.5m windowless test room in 2m distance of a 2.4mx1.35m screen (projector 
solution: 1920x1080 pixels). Stereo 2.1-sound was provided by two front speakers. The 
investigators observed the trial via a glass pane from a separate room.  
The physiological parameters were assessed with the HealthLab system (Koralewski Industrie-
Elektronik oHG).  
The subject was welcomed in the lab, received written instructions, filled in a questionnaire about 
her general emotionality and signed an informed consent. Afterwards she was equipped with the 
sensor system and orally introduced to the rating procedure. After each audio-visual presentation 
the two rating scales were presented on the screen. Oral ratings were obtained. Between two films 
the subject had a 2-min break. At the end of the trial the subject filled in a questionnaire to access 
the acceptance and comprehensibility of the scales.  
 

3   Preliminary Results 

The experiment has been performed over 5 days at I-Lab, University of Surrey. The test sample 
was multi-cultured with 40 participants from 16 nations taking part (27 male, M=30.1, SD=6.03).     
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3.1   Material Evaluation 

A repeated measures ANOVA showed overall effects for arousal (F(4,156)=13.728, p<.01) and 
valence (F(4,156)=135.572, p<.01) subjective ratings, which indicates that in fact the material did 
induce different levels of arousal and valence and that the induction should have significantly 
affected subjects’ physiological parameters. 
As pretests had indicated, film 1 (something like happiness) was found to be highly valid in the 
main tests also. For the other films, basic and dimensional emotion ratings have to be considered 
separately. Film 2a (anger) was found to be highly valid as far as dimensional ratings are 
concerned. They are almost all located in the second quadrant of the coordinate system. However, 
basic emotion ratings indicate that the goal to induce anger as a pure emotion was not achieved 
(see figure 3). 

Film 2a - Anger

15

6
3

12

3

0
5

10
15
20
25
30
35
40

Ang
er

Disg
us

t
Fea

r

Hap
pin

es
s

Sad
ne

ss

Surp
ris

e

 
Fig. 4. Basic emotion results for film 2a (main trials) 

Film 2b (something like fear) apparently posed the same problem: Basic emotions ratings varied 
between fear, disgust and surprise, while most of the dimensional ratings were located in the 
second quadrant. Interestingly, some subjects chose fear or disgust as a basic emotion while giving 
a positive valence rating (see figure 4). Upon questioning they explained that they enjoyed scary 
movies and therefore the type of fear or disgust they experience in movies like these is not 
negative in nature. This indicates that even if subjects did decide for one of the basic emotions 
(e.g. fear), they did not experience a pure emotion, since pure fear is usually assumed to be a 
highly negative experience. 
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Fig. 5. Arousal and valence ratings for film 2b (main trials) 

Film 3 (something like sadness) also indicated validation problems, but in an opposite way: Basic 
emotion ratings mainly resulted in the choice of sadness, while dimensional ratings are not all 
located in the third quadrant. Often subjects reported high ratings for arousal, which indicates that 
there are two different types of sadness, i.e. a calm type and an activated type. Film 4 was to 
induce a positive calming emotion and did not have an equivalent on the basic emotion list. It can 
be considered valid: Dimensional ratings were mainly located in the fourth quadrant, but – as was 
expected – only 15 subjects were able to assign one of the basic emotions to their current feelings. 
Subjects mainly reported that they felt relaxed, content or peaceful. 

3.2   Model Comparison 

Once the experiment was over, subjects were asked to fill out a questionnaire on their subjective 
experience using the two different types of rating scales, i.e. basic emotion pictures (faces) and the 
three SAM-scales (Lang, 1980). They were to indicate the difficulty of each of the scales and 
make a preference rating. Figure 3 shows that the use of the arousal- and valence-scales was 
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mainly experienced as easy, while dominance was rated as pretty hard by a considerable amount of 
subjects (12 out of 40). Basic emotion ratings were rated easier than dominance, but harder than 
valence and arousal. The basic emotion scale was assumed to be more intuitive than the 
dimensional scales and therefore easier to use, but results do not support that assumption.  

0

5

10

15

20

25

very easy fairly easy it depends pretty hard very hard

Valence
Arousal
Dominance
Basics

 
Fig. 6. Difficulty ratings for SAM-scales and the basic emotion scale 

As far as preference for one of the two models (“rating scale types”) is concerned, the dimensional 
scales do have a slight advantage, but with 22 to 18, the difference to the basic emotion scale is not 
very large. Subjects who preferred the dimensional model usually stated that it was more accurate 
and enabled them to give a far more detailed description of their current emotional states than the 
limited basic emotion model. The desire for an unlimited range of possible ratings coinsides with 
some of the subjects who preferred the basic emotion model, when they stated that they only liked 
it because the possibility to chose “none of the above” was given and they could then freely 
verbalize any other emotion word that came to their minds. They explained that they preferred it 
over the dimensional scale because they felt it was more intuitive to deal with words and real faces 
than with the artificial manikins. Some subjects also felt that the two models were complimentary 
and the most information could be given by using both. 

3.3 Physiological parameter analyses 

The raw physiological data was z-transformed. For each data recording period the last minute of 
physiological data was excluded from analysis to eliminate perturbation from oral ratings. So far, 
analyses have only been conducted concerning the dimensional model, basic emotion correlates 
will still have to be investigated. 
The results of first correlation analyses with dimensional assessments show a positive but 
somehow contradictory pattern. 
As Figures 4 and 5 depict, measures of EDA and EMG emerge expectedly with arousal and 
valence.  
The skin resistance level decreases with increasing arousal (r=-.324, p<.01) and the facial cheek 
muscles contract with increasing valence ratings (r=.238, p<.01). Brow muscles, however, do not 
correlate with valence or arousal so far. More elaborate analyses will have to take place. Pulse 
decreases with increasing valence. Other ECG parameters (LF/HF, rmssd, pNN50) do not correlate 
with either subjective rating dimension. The respiratory activity increases expectedly with arousal 
(r=.206, p<.01). The ECG data will have to be adjusted for further analysis regarding respiratory 
effects. 

6 
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Fig. 4. EDA data (skin resistance level) for arousal ratings. 
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Fig. 5. EMG data of the cheek muscles for valence ratings. 

4   Future Analysis 

4.1   Model Evaluation 

In order to evaluate both models further, content analyses will be conducted on the subjective 
experience reports concerning the usage of the rating scales which were given in the second 
questionnaire. It will be of interest for which reasons subjects claimed one or the other model as 
best suited to describe their current emotional state.  
In addition, both models will be analyzed as to their ability to explain physiological parameter 
changes. It is assumed that the model that covariates with the physiological data best is the one 
more suited to be used for emotion measurement studies. However, both, subjective and objective 
data will then be considered for an overall judgment. 
Since both models are claimed to describe the same psychological construct, i.e. emotions, the 
possibility of mapping dimensional and basic emotion ratings together, by assigning each basic 
emotion a certain space in the coordinate system on the basis of the collected subjective and 
objective data, will be examined. 

7 
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4.2   Physiological correlates of Emotion 

First of all the data as it exists now will have to undergo a process of further data reduction since 
some films did not have satisfactory validity, which causes an underestimation of the true 
coherences. It is expected that films rated somewhat contrary to the intended manipulation will 
also lead to contradicting physiological output. Therefore, outlier correction will be performed for 
these hypothesis-contrarian subjective ratings. In addition to correlations of dimensional ratings, 
basic emotion ratings will have to be analyzed as to their coherence with physiological parameters. 
For a thorough analysis of the heart data, the influence of the respiratory sinus arrhythmia will be 
eliminated, also. The analysis of the voice data still has to be undertaken.  
Since surprisingly the physiological data analysed so far does not correlate satisfactory with the 
arousal and valence ratings, the authors assume that a combination of several physiological 
parameters will lead to a more valid estimation of emotional states. For this purpose the most 
effective parameters of each measure will be extracted based on correlation and regression 
analysis. The generation of an algorithm for emotion detection with Hidden Markov Models is 
planned. 
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Abstract. In this position paper, I extend the HCI 2006 conference paper 
Measuring the Aesthetics of Reading with data from an additional measure of 
aesthetics called subjective duration assessment (SDA). SDA is a measure of 
perceived time on task – the amount of time a user believes it took them to 
complete the task. This measure successfully detected differences in the two 
longer duration reading studies, but did not succeed in two shorter duration 
studies. 

Introduction 

In the companion conference paper, my co-authors and I develop new 
two novel methods for measuring the aesthetic qualities of reading 
experiences. Our hope is that the methods are generic enough to apply 
to other kinds of interaction experiences. We did not include a third 
method in the conference paper because of space considerations. This 
third method has a interesting intellectual history and groundwork to 
demonstrate its broad applicability. 
Weybrew demonstrated that task interruptions cause participants to 
overestimate task duration (1984). While interruptions cause task 
durations to be overestimated, non-interrupted tasks tended to be 
underestimated. Weybrew also found that more engaging tasks tend to 
be underestimated. Recent work has turned this finding into a useful 
usability measure called subjective duration assessment (Czerwinski, 
Horvitz, Cutrell, 2001). Subjective duration assessment (SDA) 
measures participant’s perception of how long they have been 
performing a task. Difficult or frustrating tasks tend to be overestimated 
in duration while easy or less frustrating tasks are underestimated in 
duration.   



We investigated if SDA can detect subtle differences in engagement 
and frustration of different typographic conditions. We included SDA 
as a measure in the two ePeriodicals studies. We measured SDA by 
interrupting the participants after they have been reading for a certain 
period of time. Our hypothesis was that participants would 
underestimate the duration of reading tasks with optimized typography 
and overestimate duration with poor typography. 

ePeriodicals Study 1 (with candle task cognitive measure) 

Two groups of 10 participants were told that they would be reading The 
New Yorker ePeriodical for 20 minutes. One group received an 
optimized reading experience and the other received a poor reading 
experience. All participants were interrupted during the reading session 
to collect the SDA. We interrupted the first four participants (two in 
each condition) after fifteen minutes. Each of these four participants 
estimated that they had been reading for fifteen minutes. For the 
remaining participants we changed the SDA interruption interval to 
sixteen minutes and asked the more specific question of how many 
minutes and seconds they had been reading. After collecting the SDA 
data, the participants continued to read until twenty minutes passed. 
We found that participants in the poor typography condition 
underestimated their reading time by 24 seconds on average, while 
participants in the optimized typography condition underestimated their 
reading time by 3 minutes and 18 seconds on average. This is a reliable 
difference, t(18)=2.17, p<.05. Because participants in both conditions 
underestimated the amount of time they had been reading, this suggests 
that the overall task of reading The New Yorker is engaging and not 
frustrating. The greater underestimation in the optimized typography 
condition suggests that optimized quality typography is responsible for 
greater engagement and less frustration during the reading task. 

ePeriodicals Study 2 (with remote associates cognitive measure) 

For the purposes of SDA, this test is essentially a replication of the first 
ePeriodicals study. Because we found a larger SDA difference with a 



longer duration interruption point, we increase the interrupt time further 
to 17 minutes. 
We found the same pattern of results. Participants in both groups 
underestimated their reading durations. Participants in the poor 
typography condition underestimated their reading time by 2 minutes 
and 21 seconds on average, while participants in the optimized 
typography condition underestimated their reading time by 5 minutes 
and 12 seconds on average. This is a reliable difference, t(18)=2.19, 
p<.05. While the full set of participants in this study were given the 
later interruption point, we were surprised that the average 
underestimation increased by three minutes in this study. 

Conclusions 

Subjective duration assessment is based on work in time estimation that 
indicates that users underestimate the amount of time engaging and 
non-frustrating tasks take to complete and overestimate how long it 
takes to complete frustrating and non-engaging tasks. Czerwinski 
demonstrated that SDA could be used to measure task difficulty for 
web browsing tasks. We demonstrated that SDA can be used to 
measure differences in the aesthetic quality of reading environments. 
Combined, these findings suggest that SDA can be applied to a variety 
of domains to detect differences in engagement and frustration. 

References 

1. Czerwinski, M., Horvitz, E. & Cutrell, E. (2001). Subjective Duration 
Assessment: An Implicit Probe for Software Usability, in Proceedings of 
IHM-HCI 2001 Conference,  2, 167-170. 

2. Larson, K., Hazlett, R.L., Chaparro, B.S., & Picard, R.W. (in press). Measuring the 
Aesthetics of Reading, in Proceedings of HCI 2006. 

3. Weybrew, B.B. (1984). The Zeigarnik phenomenon revisited: Implications for 
enhancement of morale. Perceptual and Motor Skills, 58, 223-226. 

http://research.microsoft.com/users/marycz/sda.pdf
http://research.microsoft.com/users/marycz/sda.pdf


 

 

Figure 1:The New Yorker with optimized (top) and poor (bottom) typography 

 



On posture as a modality for expressing and
recognizing emotions

Nadia Bianchi-Berthouze, Paul Cairns, Anna Cox,
Charlene Jennett, and Whan Woong Kim

UCLIC, University College London,
Remax House, 31-32 Alfred Place, London WC1E 7DP, UK

{n.berthouze, p.cairns, anna.cox}@ucl.ac.uk
http://www.uclic.ucl.ac.uk/people/{n.berthouze,p.cairns,a.cox}

Abstract. The aim of this paper is to promote posture as an impor-
tant tool for controlling and monitoring the interaction between user and
technology. This form of bodily expression of affects presents two facets
of interest to our community: (a) It is a powerful modality of communi-
cation. As evidence, we summarize some of our previous studies showing
how systems can be trained to accurately recognize emotions, even across
different cultural backgrounds; (b) Body postures have been shown to
have a powerful regulatory role on emotions. This opens the door to the
development of systems that, by involving the body of its users, can in-
duce specific affective states and therefore improve user engagement. To
support our discussion, we briefly review a very preliminary study show-
ing how incorporating full-body movements in the control of a game
results in users reporting a higher sense of engagement. We hypothesize
that involving more degrees of freedom in the control of the game fa-
cilitated the expression of associated affective states (e.g., excitement)
which in turn resulted in the participant experiencing those states more
fully.

1 Introduction

The biological processes underlying the generation of emotions involve various
sub-systems of the human organism – in particular, the autonomic, endocrine
and nervous systems whose activity results in measurable quantities (e.g., gal-
vanic skin response). It therefore comes as no surprise that many studies in the
field of affective computing have used biophysical sensors to measure affective
states [1, 2]. Given the strong connections between central nervous system and
motor apparatus, physical responses should also be expected. Following the work
of Ekman and Friesen [3], many studies have focused on the recognition (and
synthesis) of affective states from facial expressions. However, because the face is
involved in various functions and many of the famously recognized facial expres-
sions only represent a very small subset of the possible expressions, the validity
of facial expressions as a modality for recognizing affective states should be ques-
tioned (see [4] for example). In this paper, we would like to suggest that posture



should be considered a necessary complement to facial expressions. Despite re-
cent studies in cognitive neuroscience suggesting that at least some of the brain
correlates of facial perception are involved in the appraisal of body configura-
tions (e.g., [5]), there has been surprisingly little in the HCI literature in terms
of grounding the recognition of affective states into body postures (see [6–9] for
some exceptions). Furthermore, the finding that body postures are often selected
over facial expressions when both modalities are available and incongruent [10]
contrasts sharply with the fact that almost all studies on the recognition of affec-
tive states from non-verbal communication use each modality in isolation, and
that the few studies that do combine both have a disproportionate importance
of the head over the body (e.g., [11]).

2 Body posture as a communicative modality

With the 7-38-55 rule, Mehrabian and Friar [12] stressed how important the
non-verbal component (38% for voice tone and 55% for facial expression) of
communication was in communicating affect when compared to the purely ver-
bal component (7%). Interestingly, they did not consider the role of posture in
the communication. This reflects the fact that face was initially thought to be the
most important communication channel for identifying affective states as precise
categories whereas posture was thought to convey information only at the level
of affective dimensions. In recent years, this idea has been questioned by psychol-
ogy studies showing posture to be a very good indicator for certain categories
of emotions (e.g., anger, boredom, interest, excitement, affection), see [8, 13, 14]
and [15](cited in [16]) for examples. Whilst these studies have been used rather
effectively to enable artificial systems to express affective behavior through pos-
ture (e.g., Sony’s AIBO [17]), posture still has no equivalent to the Facial Action
Coding System (FACS) [3], most existing studies (see [6, 18] for example) using
coarse-grained posture descriptors (e.g. leaning forward, slumping back).

Our previous work (see [7, 19, 20] for example) has set to establish the ground-
work for a FACS-like formal model. We proposed a general description of posture
based on angles and distances between body joints and used it to create an af-
fective posture recognition system that maps the set of postural descriptors into
affective categories using an associative neural network. While the postures used
in the study involved only 4 emotion categories (happiness, sadness, anger and
fear), the system can learn new categories interactively through an unsupervised
learning mechanism.

Using 102 postures extracted from natural human motion capture data, the
system showed a 71% classification success rate [7]. The classification rate was
obtained by comparing the systems classification and the classification of 42 inde-
pendent observers. Fearful postures showed the lowest inter-observer agreement,
being often confused with angry or happy. However, adding a measure of the
direction of the movement to the postural descriptor allowed for a significant im-
provement (up 8% to 79%) in its recognition rate [21]. Interestingly, Coulson [8]
made a similar observation in a parallel study in which he looked at how 6 joint



rotations (head bend, chest bend, abdomen twist, shoulder forward/backward,
shoulder swing, and elbow bend) could help recognizing 6 emotions (angry, fear,
happy, sad, surprised and disgust). He suggested that the low recognition of
some emotions such as fear showed the need for features describing motion, i.e.,
direction, velocity, and amplitude.

In [22], we tested the informational content of the posture descriptors by
applying mixed discriminant analysis (MDA) and looking at whether the fea-
tures could account for different levels (high, low) of three affective dimensions:
arousal, valence and action tendency (a dimension proposed by Fridja [23]).
The results showed a 1% error on arousal, 20% on valence and 25% on action
tendency. Using the same basic representation, our other studies showed how
affective appraisal of body postures revealed a significant effect on culture [24].
This set of low-level feature descriptors does also bring a mechanistic explanation
to recent findings in neuroscience suggesting that the face fusiform area (FFA)
– the brain area responsible for facial processing – was involved in processing
postural expressions of affect even when facial cues were removed [5]. Indeed,
our statistical analysis showed that features related to head configuration (e.g.,
inclination and rotation of the head) are very important in discriminating be-
tween emotions [19] and in particular in discriminating between nuances of a
particular emotion (e.g., upset versus angry, or fear versus surprise) [20].

This body of work thus suggests that posture could be used, if not as an
alternative to facial expressions, at least in conjunction with facial expressions to
provide for finer grain appraisals and increased discriminatory power in the case
of ambiguous or incongruent information. But this is not the only contribution
of posture to our study of emotion in human-machine interaction.

3 Body posture as a regulator of emotions

Another line of work suggests another important role of body posture that is:
Changes in posture can induce changes in affective states or have a feedback
role affecting motivation and emotion. A study by Riskind and Gotay [25], for
example, revealed how “subjects who had been temporarily placed in a slumped,
depressed physical posture later appeared to develop helplessness more readily,
as assessed by their lack of persistence in a standard learned helplessness task,
than did subjects who had been placed in an expansive, upright posture.” Fur-
thermore, it was shown that posture had also an effect on verbally reported
self-perceptions. This is not surprising, as others have reported similar regula-
tory properties with other forms of non-verbal expressions of affects. Richards
and Gross [26], for example, showed that simply keeping a stiff upper lip during
an emotional event had effect on the memory of the event, and generally, exacted
a cognitive toll as great as intentional cognitive avoidance.

As a result, the field of pain management, for example, is becoming increas-
ingly interested in the relation between pain and emotion [27], as various studies
suggest that problems in regulating and expressing emotions are linked to in-
creased pain and distress. Although pain, as such, is not an emotion, it is associ-



ated with a set of negative emotions (in particular, frustration) that will express
at the postural level. Here, the affective states involved relate to the autonomic
component of the emotion, of course, but they also have a communicative in-
tent as well. Indeed, it has been observed that pain behavior often increases in
amplitude in the presence of solicitous others and/or health professionals.

With respect to human-machine interaction, this opens the door to the de-
velopment of systems that, by involving the body of its users, can induce specific
affective states and therefore improve user engagement.

4 Posture, interactive devices, and immersion in HCI

The two previous sections have depicted the two facets of postures. These two
facets make posture a very important modality for human-machine interaction.
We may be able to use postures to explore novel issues, in particular, engagement
or immersion.

To illustrate this idea, we briefly describe two experiments we performed to
investigate (a) the relationship between postural behavior and immersion and
(b) the importance of full-body control of the task in improving user experience.

4.1 Experiment 1: Posture and immersion

This experiment involves two different types of desktop computer games. The
first game was a very low-immersive game in which the user simply had to click
on a randomly appearing target. The second game was a first person shooter
game, Half-Life, whose format makes it a likely precursor of immersion [28]. The
primary modality of input was the keyboard with some additional commands
involving the mouse. Twenty participants were randomly assigned to one or the
other game, and were interrupted after 10 minutes of play to fill an immersion
questionaire [29]. The sessions were videotaped to provide a view of the subject
in the saggital plane where most of the motion was expected to take place.

Major changes in body postures were used to discriminate between levels
of immersion and/or affective states. The “clicking” group, who returned very
low immersion scores (47.6±16.64 in a scale of 160) was characterized by many
shifts in the sitting position, alternating between a very relaxed position (e.g.,
arm stretched behind the head and body leaned back) or a very attentive one,
with a forward leaning body and still head. The “shooting” group, which re-
turned significantly higher immersion scores (68.11±11.95), revealed a different
pattern of changes in body posture. Participants showed very few changes in
posture, with those that showed more game-unrelated changes scoring lower in
the immersion questionnaire. Interestingly, some players also displayed head mo-
tion that were related to the game, e.g., moving the head as if following the main
character in its digital environment.

These results are preliminary and require further analysis, however, they
suggest that higher immersion is accompanied by a reduction of un-necessary
postural activity, perhaps because of increased attentional load.



4.2 Experiment 2: Influence of device on engagement

In this experiment, fourteen participants were asked to play a music game, Guitar
Hero for PlayStation, using two different shapes of controlling devices. While
playing a song, the system instructs the player to press a specific sequence of
color-coded buttons. The timeliness of each input contributes to the score of
the player. In the “control pad” condition of the experiment, the player was
given a standard PlayStation DualShock controller, which only involved button
pressing. In the “guitar” condition, however, the player was given a guitar-shaped
controller that involved not only five fret buttons but also a strut bar and a
whammy bar. An extra command required tilting the guitar controller upward,
thus involving full-body movement.

Each player was asked to fill an engagement questionnaire, a revised version
of the Gaming Engagement Questionnaire (GEQ) of Chen et al. [30], after play-
ing 20 minutes in each condition. The order in which each participant played
each condition was counterbalanced over the sample of participants. When us-
ing the guitar-shaped device, players returned higher engagement scores on the
questionnaire (t=-3.659, p<.001), while displaying a number of body postures
and movements that would, at least qualitatively, correlate with higher engage-
ment. In addition, the occurrence of task-related movements such as keeping the
beat using body and head was greatly enhanced in the “guitar” group compared
to the “control pad” group.

Although immersion and engagement cannot be compared, experiments 1
and 2 showed interesting differences in terms of posture. Participants in exper-
iment 2 were more readily using body language to express their affective state.
Typical postures included dropping the arms to show disappointment, or show-
ing movements typical of a real singer, such as leaning back and lifting the guitar
at end of the performance. These differences are interesting because they put in
question our argument earlier that the decrease in task-unrelated movements
was due to a higher attentional load during immersion. This second experiment
therefore suggests that the standing position itself, as well as the increased de-
grees of freedom offered by the device, enabled the participants to experience
their affective states more fully, which resulted in higher engagement scores.

5 Conclusion

We would like to suggest that involving the body in the control of technology
facilitates users’ expression of their feelings, which in turn makes them have an
improved experience, i.e., being engaged. While a full-body interface involves
technological difficulties due to the increased number of degrees of freedom,
recent progress in sensing devices, signal processing and pattern recognition,
make it possible to deal with these issues in real-time, and as our current studies
suggest, incorporating posture as a communication channel might augment the
sense of presence and increase user engagement
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Abstract. Interpreting and responding to affective states of a user is crucial for 
future intelligent systems. Until recently, the role of sound in affective 
responses has been frequently ignored. This paper provides a brief overview of 
the research targeting affective reactions to everyday, ecological sound. 
Rendering techniques and situation appraisal are discussed as factors 
influencing the emotional reactions to auditory stimuli. A study with false 
heartbeat feedback exemplifies the introduced ideas and research 
methodologies, and shows the potential of sound in inducing emotional states. 
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Introduction 

In our everyday life, sound often elicits emotional reactions in the listener. People can 
be startled by the sudden sound of a door slamming or a thunder in a storm, annoyed 
by the noise of cars in the street, pleased by the sound of a water stream in the forest, 
tired after a full day of work in a noisy environment, etc. We believe that most of 
sound sources, both ecological and artificial, play an important part in emotional 
experience. However, the role of sound in affective responses has been frequently 
ignored and until recently it was difficult to find systematic studies of auditory 
emotional reactions. If we consider that most of media applications make use of 
sound, it seems surprising that so little is known about how users respond to it. 
Therefore, there is a great need for a theory, a systematic approach and a consensus 
for measuring human emotional responses to auditory stimuli [29]. Understanding the 
role of sound in evoking human affective responses will allow to optimize existing 
and to design new applications for human computer interfaces. 

This paper provides examples of the research targeting affective reactions to 
everyday sounds (for research on emotion and music see recent review [12]).  In these 



studies, emotional response has been successfully measured by means of self-report, 
behavioral or physiological methods. Up to date, research in this area has been trying 
to connect physical sound properties and basic emotions [29]. However, other 
variables related to subjective interpretation and meaning should be considered 
because different sources evoke different subjective evaluations [11] (e.g. dog barking 
vs. rock music). The presented case study shows how reproduction parameters and 
meaning of a sound, apart from physical features, can affect emotional experience. 

Research on affective reaction to sound 

Frequently, emotional experience has been defined as either discrete feeling states or 
states that can be placed along dimensions of experience [29]. The discrete approach 
assumes the existence of a limited number of fundamental emotions [18] which are 
universal, survival-related, spontaneous, uncontrollable, not necessarily consciously 
perceived [24] and combinable to form other more complex emotions. On the 
contrary, the dimensional approach place emotions in a continuous space, which 
coordinates are commonly referred to as valence or pleasantness (positive versus 
negative) and arousal or activation (excited versus calm) [14][21][29].  

Independently of the theoretical assumptions, most of the research on affective 
reactions to sound has been done by sound designers of applications. In this 
framework, it is common to talk in terms of sound quality referring to “the adequacy 
of a sound in the context of a specific technical goal or task” [4]. For many years, 
research on sound design for systems has focused on the affective state of annoyance. 
Annoyance correlates moderately with objective metrics such as equivalent dB(A) 
level for community noise, and with psychoacoustics metrics such as loudness, 
sharpness and roughness [8][30]. Equal pleasantness contours for tones varying in 
frequency and intensity have been developed [26]. For instance, low frequencies are 
preferred when intensity is below 60 dB, otherwise high frequencies are more 
pleasant; for 50 dB of loudness tones with frequencies between 200 and 1000 Hz are 
preferred [29]. 

Research on ecological sounds, i.e. sounds surrounding us in everyday 
environments, can be divided on research on artificial and natural sounds. Studies 
with artificial sounds comprise, for instance, the experiments by Bisping [1][2] with 
sounds in the interior of a car, or the ones by Västfjäll et al. [29] with sounds in the 
interior of a commercial aircraft. Both studies showed the validity of a dimensional 
space to classify different affective reactions to sound.  

Natural sounds have been also characterized in terms of their affective quality. For 
instance, Björk’s [3] studies placed 15 natural sounds in the valence-arousal 
dimensional space and Jäncke et al. [11] observed the physiological effect of 
environmental sounds with different valences (bird song, church bell and baby’s 
crying). In a more ambitious project, Bradley and Lang [5] used graphical scales and 
psychophysiological measures to characterize the affective experience when exposed 
to 60 naturally acoustic stimuli. Physiological changes showed to be highly correlated 
with self-reported emotional reactions in terms of valence and arousal. Results were 



similar to the ones obtained with pictorial stimuli what proves that affective 
processing and reactivity are not sensory modality specific.  
 
New media applications, such as computer games, home theatre systems or virtual 
reality, incorporate the most advanced digital sound reproduction systems. However, 
there are few studies exploring the impact of sound rendering techniques on 
emotional responses. Lang et al. [15] measured the startle response when using 
auditory probes presented by means of different techniques; binaural sound or 
monaural sound stimulating either the left or right ear were tested. The largest startle 
effect was obtained with binaural cues, followed by the monaural-left ear stimulation. 
It is typically hypothesized that the right-hemisphere dominates when processing 
affective stimuli. Other studies also have shown a bigger sensitivity of the left ear to 
emotional speech and music (see [15] and references therein). 

Västfjäll [28] investigated the experienced emotions and the subjective sense of 
presence in auditory virtual environments. Presence can be defined as the sensation of 
'being there' in mediated environments such as virtual reality, simulators, cinema, 
television, etc. [6]. In this study, mono, stereo and six-channel loudspeaker 
reproductions were used. Results showed that emotion and presence are unavoidably 
linked, and that they both increase when improving sound spatial resolution (see also 
[7][9][17]). 

Another study on this topic was done by Kallinen & Ravaja [13], who compared 
the loudspeaker and headphone reproduction conditions when listening to news. They 
hypothesized that the close sound condition (headphones) would provide a more 
immersive experience and shorten the interpersonal distance between the user and the 
news anchor, thus providing a more intense, arousing and pleasant experience. 
Generally, results showed that the headphone listening was preferred over 
loudspeakers, even being judged as ‘less realistic’ by the participants. However, no 
significant differences in elicited arousal were found between both conditions.   

Affecting emotions with false heartbeat feedback 

A particular case of ecological sounds is self-representation sounds which can be 
associated with a person’s own body (e.g. heartbeat, breathing) and its embodied 
activity (e.g. footsteps) [27]. These sounds increase body awareness in listeners and 
we hypothesize that they may have a stronger potential for inducing an emotional 
experience. In particular, body sounds such as a heartbeat may force a listener to 
physiologically mimic the external auditory stimulation [25]. These changes at the 
physiological level can affect one’s emotional experience (e.g. [10] [22]) or induce a 
particular mood state.   

The ongoing mood can affect the responses to subsequent emotional events 
(situation appraisal). For instance, pre-existing cognitive processes and emotional 
states may influence the judgment of an auditory event [4]. Västfjäll [29] successfully 
showed that both current mood and individual noise sensitivity are as important as 
noise characteristics when judging noise annoyance. Lang et al.’s experiments [15] 
also show that affective responses can vary in magnitude depending on the previously 



induced emotional state: a reflex with the same valence than the current emotional 
state will be increased and inhibited otherwise.  

In the recent study [25] we tested how the presentation of auditory false heartbeat 
feedback can change listeners’ own heartbeat and, in turn, affect their emotional 
attitude to pictures. The underlying idea was that we expected subjects to identify the 
false feedback with their own heartbeat (embodiment) and that the adaptation of their 
heart rate would follow. This change would induce an emotional state which would 
modulate subsequent responses to emotional events. To further explore the hypothesis 
of embodiment, distant versus close sound reproduction conditions (loudspeakers vs. 
headphones) were used.  

24 naïve participants took part in the experiment which consisted of 32 different 
trials. In each trial false heart beat was presented during 50 seconds, and the subject 
task was to rate a photograph viewed during the last 6 seconds of the trial. Pictures 
were selected from the International Affective Picture System (IAPS) [16], according 
to their medium-arousal value (5 on a 9-point scale) and valence (moderate negative 
and positive valence – 3 and 7 on a 9-point scale). Self-reported valence and arousal 
ratings for the pictures, participants’ heart rate and memory performance scores were 
collected.  

Results showed a small but significant (p < 0.05) effect of sound on physiology 
(heart beat changes around 1 beat per minute after 40 seconds of false auditory 
feedback). Sound significantly affected emotional responses to pictures: fast heart rate 
made people rate pictures as more arousing, and increased memory performance, 
while slow heart rate showed a relaxing effect when facing negative pictures. As 
hypothesized, there was a stronger effect of rate for the close sound reproduction 
condition (headphones); the effect was observed both at the physiological level and 
on the self-reported arousal ratings. These results provide evidence for the affective 
power of bodily sounds which is reflected in physiology, self-reports and memory 
performance.  

Conclusions 

Traditionally image has captured the main interest in multimedia applications. In 
search of pictorial realism other sensory modalities were neglected. However, there is 
evidence to affirm that people are much more sensitive to audio fidelity than to visual 
fidelity [20]. This means that sound can compensate for visual imperfections. 
Therefore, audiovisual applications can be simply optimized by making use of audio 
solutions, which tend to be technically less complex than image systems. Moreover, 
sound is capable of elicit a full range of emotions. The studies presented above show 
that both artificial and natural sounds have an affective power.  

An open question in this area is the possibility of reliably predict the emotional 
response of a user to various sounds. Research has shown that it is possible to 
separate cognitive evaluations and emotional reactions to auditory stimuli, and thus, 
in theory we might potentially establish a relation between sound physical properties 
and affective response [29]. In addition, emotional experience can vary according to 
factors such as the subjective interpretation and meaning of the sound [11], sound 



rendering techniques or the situation appraisal. For instance, as our recent study on 
false auditory heartbeat feedback shows, sounds which create an embodied experience 
might facilitate an affective process. However, more systematic studies, which 
include complex stimuli and different applications, are needed for a complete 
understanding of the role played by sound in emotional reactions. 
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Abstract. This paper proposes the use of a ‘hidden profile’ experiment to 
develop a deeper theoretical understanding of the role of positive affect in 
improving information sharing and decision making in groups engaged in 
computer mediated knowledge work.  Groups often do not effectively share the 
unique information each individual group member possesses.  This is 
problematic since groups are formed on the assumption that each member’s 
unique contribution will lead to a better decision than any one individual would 
make alone.  This research examines the mechanisms through which inducing 
positive affect in group members may act as an effective intervention in 
facilitating sharing of unique information, leading to higher quality decisions. 

Keywords: Positive affect, computer mediated communication, information 
sharing, group decision making. 

1   Introduction 

Contrary to the reasoning that rational, logical thinking is impaired by emotion or 
affect, most recent information processing theories that model human thinking 
incorporate affect in them [6, 18, 32, 35].  Researchers have realized that “cognition is 
not as logical as once thought, and emotions are not always so illogical” [27]. 

There are however several distinct and often conflicting findings on how affect 
influences information processing and decision making.  On one hand, researchers 
have found that positive affect leads to shallow processing [28, 33], overestimation of 
positive outcomes [1, 2] and underestimation of negative outcomes [24, 34, 43].  On 
the other hand, there is evidence to suggest that positive affect promotes creative 
problem solving [8, 16, 19, 40], efficient information processing while maintaining 
decision quality [22, 41], and sensible avoidance of large risk taking [17, 20, 30]. 

The present study attempts to add to the theoretical debate on the influence of 
positive affect on information processing and decision making.  A question that 
remains relatively unexplored in the literature is the impact of positive affect on group 
level information processing and decision making (see [25] for a review).  Moreover, 
research on the impact of positive affect on groups communicating through computer 
technology is even scarcer.  The induction of positive affect and its impact on the 
decision processes of computer mediated groups is thus an important area of interest. 



2 The ‘Hidden Profile’ Experimental Paradigm 

A hidden profile task provides one of the most systematic ways to analyze how 
information is exchanged and processed in groups [36, 38, 39].  In a hidden profile 
experiment, the complete set of information required to arrive at the correct decision 
is differentially distributed among group members.  The profile is created by 
distributing information prior to group discussion such that there is a preponderance 
of positive information about an incorrect alternative and negative information about 
the correct alternative.  The full set of information, however, clearly supports the 
correct alternative.  Thus information distribution is biased, meaning that the 
individual sets of information that each member has are not representative of the total 
pool of information available regarding the decision or problem to be solved.  As a 
result of the hidden profile distribution pattern, groups will tend to favor the incorrect 
alternative unless group members fully share all of their information.   

Hidden profile tasks are very relevant in the context of group work since groups 
are formed on the premise that group members possess different or unique 
information and sharing such information will lead to optimal decisions.  
Unfortunately very few, if any, studies reported in the Human Computer Interaction 
(HCI) and Computer Supported Cooperative Work (CSCW) literature utilize this 
experimental paradigm to analyze group behavior.  We found a single study by 
DiMicco et al. where they used a variation of a hidden profile experiment to influence 
group participation through a shared display [7].  To the best of our knowledge, no 
study has measured the impact of positive affect in a hidden profile experiment.   

3 Information Processing in the ‘Hidden Profile’ Paradigm  

The central discovery in hidden profile research is that when information is 
distributed among group members such that some items are known to everyone 
(common information) while others are known either to a single individual or subset 
of individuals (unique information), group members tend to exchange and discuss a 
disproportionate amount of common information rather than the unique information 
each member holds (see [44] for a review).  The mechanisms through which this 
‘common information sampling bias’ [44] occurs and how positive affect may alter 
those effects are reviewed below. 

3.1 Probabilistic and Socio-emotional Factors 

In a hidden profile task, common information is more likely to appear in a group 
discussion because it is held by all group members while unique information is held 
by only a single member or subset of members.  Thus, based on probabilities alone, it 
would be expected that the preponderance of information that gets discussed would be 
that which was held by most members prior to discussion. Gigone & Hastie report 
that individual group members’ pre-discussion preferences were the best predictor of 
a group’s final decision [14]. 



A further explanation involves socio-emotional processes that reinforce the bias 
toward discussing common information. Information reinforcement effects occur 
when an individual mentions a piece of commonly-held information, and by sharing 
it, reinforces what other group members know. Because group members enjoy having 
their information validated by others, they react to the contributor of common 
information with encouragement and positive evaluations. Thus, contributing 
common information increases the tendency to repeat such information more than 
unique information because through repetition common information offers mutual 
enhancement and consensual validation [26, 37, 38, 45].   

Research at the individual level has provided support for how positive affect may 
impact the group processes discussed above.  This work suggests that, as long as the 
task is meaningful, and interesting or important to the decision maker, positive affect 
leads to processing that is careful and thorough, as well as flexible and open [18, 21]. 
In a study involving choice among six hypothetical cars, individuals in whom positive 
affect had been induced were more efficient in the way they went about the complex 
task [22].  Compared to controls, individuals in positive affect reached a decision 
sooner.  There are also findings from medical decision making processes that lend 
support to how positive affect may impact decision making.  For example, positive 
affect was found to reduce ‘anchoring’ (inflexibility in thinking) and facilitated 
integration of information (earlier recognition of the correct domain of the disease) in 
a study of practicing physicians [8].  Physicians in the positive affect condition 
correctly identified the domain of illness earlier than control participants, showed 
significantly less tendency to ignore new information that did not fit within their 
initial diagnostic hypothesis, and gave no indication of a tendency to engage in 
premature closure, closed thinking, or superficial ‘sloppy’ processing.  Although 
physicians in the positive affect condition identified the correct diagnosis, that did not 
stop them from considering other possible diagnoses.  They considered and continued 
exploring additional new diagnoses.  In a hidden profile experiment, the effect of 
positive affect on reducing anchoring should thus allow individual group members to 
overcome the inclination to be biased by their initial pre-discussion preferences. 
 
Proposition 1. Groups in positive affect will significantly deviate from their pre-
discussion preferences compared to controls when deciding on their final decision. 
 
Proposition 2. Groups in positive affect will identify the correct decision significantly 
earlier than controls. 
 
Proposition 3. Groups in positive affect will show significantly less anchoring than 
controls enabling better integration of unique information. 

 
It is noteworthy that this ‘openness’ and increased flexibility to new information 

facilitated by positive affect is in contrast to predictions by the Affect Infusion Model 
which expects positive affect to interfere with systematic processing and to make 
cognitive processing governed by internal needs and biases [10].     

The way in which cognitive material is organized in individuals in positive affect is 
different from the usual way items are related to one another in the mind.  In an 
attempt to account for the greater flexibility in judgment and behavior among people 



in a positive mood, a neurological basis of analysis has been proposed.  Ashby, Isen, 
& Turken propose that positive affect leads to increased flexibility in judgment and 
behavior because of increased dopamine in two specific areas of the frontal cortex [4].  
Ashby et al. review a series of studies in which increased dopamine levels are 
associated with processing differences attributed to greater flexibility in the executive 
attention system, and suggest that positive affect may have similar effects [4]. 

A recent framework has been developed for understanding the benefits of positive 
affect on the individual [11, 13]. Called the ‘broaden-and-build’ effect, this theory 
argues that positive affect “broadens people's momentary thought-action repertoires 
and builds their enduring personal resources” [12]. More specifically, distinct positive 
emotions such as a high activation state of joy and a low activation state of 
contentment permit more flexible cognitive processes by enabling a wider variety of 
thoughts that come to mind. 

We thus believe that positive affect will ameliorate the effects of probabilistic and 
socio-emotional factors leading to the ‘common information sampling bias’.   

 
Proposition 4: Groups in positive affect will share proportionally more unique 
information than common information. 

3.2 Conformity 

Social pressures also account for suppression of uniquely-held information.  Since 
unique information contradicts a decision that is suggested by the majority of 
information items, individuals may judge their unique information to be unimportant, 
or may be reluctant to undertake the social risk of contributing something that may go 
against the forming consensus [29]. This withholding of unique and oppositional 
information is consistent with a classic conformity effect [3]. 

There may be an underlying affective rationale for such conformity. Kelly & 
Barsade mention the phenomena of “Affective impression management” where 
individuals engage in surface-level emotional displays in order to achieve goals, fit in, 
or gain other rewards from the group [25]. An example of this is when a group 
member sees that everyone else is smiling and enthusiastic about an idea and the 
member joins in on this affective behavior despite his or her own reservations about 
the idea.  Impression management may occur because of social presentation needs 
[15] or because of social comparison needs [9] in which people use information about 
others’ reactions, including affective information (e.g. [31], [42]), as a way of gauging 
the appropriateness of their responses. 

However, it is quite plausible that many of the processes thought to underlie the 
spread of affect through group members would be unable to operate in computer 
mediated groups.  Processes such as emotional contagion and behavioral entrainment 
are heavily dependent on the matching or mimicking of nonverbal behaviors.  
Because computer-mediation eliminates these cues, emotional contagion would be 
unlikely to occur and hence affective homogeneity would be an unlikely outcome. 
One might argue that, in general, technologies that eliminate visual and auditory cues 
would interfere with contagion processes.  Furthermore, there is suggestive evidence 
that positive affect dissuades ‘yielding’ behavior or conformity.  We can extrapolate 



from findings by Carnevale & Isen where individuals that were induced with positive 
affect performed better on an integrative bargaining task [5].  In an integrative 
bargaining task, negotiators have different payoff possibilities and must make 
tradeoffs to reach an optimal agreement.  Reaching agreement in such a task involves 
seeing a large number of alternatives and thinking flexibly about how they might be 
combined rather than giving into the demands of the other party.  Integrative solutions 
are in contrast with ‘yielding’ where one party lowers his/her aspirations.  At the 
group level, positive affect should reduce conformity pressures, allowing group 
members to share the unique information they possess, even if it goes against the 
forming consensus.  Thus, this reduction of conformity will enable groups to reach 
higher quality decisions by enabling the group dynamic needed to solve a hidden 
profile task, i.e. sharing the unique information each group member possesses.   

 
Proposition 5: Groups in positive affect will reach higher quality decisions compared 
to controls. 

4 Affect Induction 

Research has induced positive affect in a variety of simple ways ranging from 
receiving feedback that one has performed well on a moderately difficult task to 
receiving a free sample or finding money in the coin return of a telephone booth (see 
[18] for a review). There is no reason why some of these affect induction procedures 
could not be attempted to be replicated using computer technology.  Interestingly, the 
affective computing literature has predominantly focused on methods of recognizing 
affect in individuals.  Considering the amount of time we spend in front of computers 
at present, testing ways of inducing positive affect in individuals through technology 
is a worthwhile endeavor. 

One possible way of inducing mild positive affect through technology would be to 
replicate the anagram induction used by Isen, Rosenzweig & Young in their study of 
medical students [23].  In their study, positive affect was induced by asking 
participants to solve a series of anagrams, five letter scrambled words, and providing 
them feedback that they had performed in the top 3% of all graduate students 
nationwide.  This affect induction could be replicated on a computer where 
participants would view the anagram on the computer monitor, type in their responses 
using the keyboard, and receive success feedback after submitting their responses.  

Another possible way of affect induction through technology could be to show 
pictures of candy similar to the ‘candy induction’ used by Estrada, Isen & Young in 
their study of practicing physicians [8].  In that study, the affect group received a 
small bag of wrapped candy, similar to that used in previous research, but containing 
five miniature chocolate bars and four hard candies in a transparent plastic bag, tied 
with a red ribbon.  The bag of candy was a token of appreciation for participation in 
the study and participants were asked to put the candy away and not eat them until 
they completed the study.  In similar fashion, a rotating picture of the same bag of 
candy could be shown on a computer screen to participants with similar instructions 
stating that they will receive the bag of candy after completion of the study. 



Such means of computer mediated affect induction are indeed plausible and will 
need to be pilot tested before implementation in an actual experiment.  

5 Conclusion 

This research contributes to theories about the effect of positive affect on information 
sharing and decision making in groups, a relatively unexplored area in HCI and 
CSCW research. Most studies examining information sharing in hidden profile 
experiments use face-to-face (FTF) communication. By conducting an experiment 
comparing FTF communication with computer mediated communication (CMC), this 
research may provide additional insight into information exchange in a computer 
mediated setting, since communication medium is known to impact group decision 
processes.  Finally, computer mediated affect induction has the potential to improve 
the design of group decision support systems through enabling superior decision 
making. 
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Abstract

Research on User Experience stresses the need to go beyond the instrumental, that is, to consider

needs that go beyond the mere accomplishment of action goals. Although one may argue that

support of non instrumental aspects at the workplace will lead to joyous experiences, which in turn

may be an important aspect of employee well-being, the offered link between current models of

user experience and the work environment is rather weak. This paper presents a first sketch of a

user experience model more closely linked to action goals, that is tasks, their generation and

completion. We describe four groups of desired behavioral outcomes – execute, engage, evolve,

expand – which address not only task completion, but also persistence in task execution,

modification of existing tasks, and the creation of novel tasks.

Introduction

In the area of human-computer-interaction (HCI), user experience research

attempts to extend the traditional view beyond the mere functionality and usability

of interactive products (Hassenzahl & Tractinsky, 2006). Instead of solely

focusing on task performance, effectiveness and efficiency, these approaches

address users of technology with all their needs and emotions. The ultimate goal is

a pleasurable or even joyous experience with a product (Hassenzahl, Beu and

Burmester, 2001; Jordan, 2000) which stems not only from its ease of use, but
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from the fact that it satisfies basic human needs, such as a need for novelty and

change or self-expression. In the context of consumer products, the importance of

those additional non-instrumental aspects seems obvious. But how about the

workplace? The present paper's objective is to take a closer look at user

experience from a workplace perspective.

User experience at the workplace

Computer games are good models to study what makes software appealing. In

fact, there is no other reason to buy a computer game or to engage in playing other

than its positive emotional outcome. Playing computer games is challenging and

may enhance self-confidence by feelings of success, competence (personal), by

being involved in a gaming community, and by identifying themselves with being

playing this particular game (social). Wouldn’t it be desirable to have the same

qualities in a working environment? To have enjoyable "tools" which go beyond

the mere instrumental?

Often stark differences are made between work and home use of software, i.e.,

between "tools" and "toys". Basically, conditions in a working environment do not

differ that much from the home or the private context. Preparing a photo

slideshow for the family celebration or working on the private club homepage is

goal-directed behavior. However, one difference between work and home is

choice. If people do not want to fulfill a certain task or use a specific software,

they simply do not have to. At work, personal choice is somewhat smaller. In

addition, in a work environment motivation to use a specific software for a given

task is to a great extent extrinsic, that is, externally given and externally rewarded.

However, it is the intrinsic motivation (i.e. the tendency to seek out novelty and

challenge, to extend and exercise one’s capacities, to explore, and to learn) that

leads to well-being (Ryan & Deci, 2000). Thus, one goal in the working

environment is to provoke intrinsic motivation, to inspire employees to be

curious, to explore tasks and tools (i.e. software), to seek out new ways of getting

things done, to master a complex software in order to surprise and astonish boss

and colleagues.

According to Ryan and Deci (2000), intrinsic motivation can be elicited and

sustained by the fulfillment of basic needs, i.e. need for competence, need for
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autonomy and need for relatedness, resembling Hassenzahl’s "hedonic aspects" in

the context of interactive products (2006). By satisfying these needs as described

above, the user can be intrinsically motivated and thus well-being, job satisfaction

and even performance may be enhanced (Gagné & Deci, 2005).

User centered design requires the specification of design goals and an empirical

test of whether goals are met. Typically, design goals take the form of desired

product attributes or behavior in particular settings. Our approach is to describe

desired user behavior caused by the product. In the remainder of the paper, we

identify and briefly discuss four desired groups of behavioral outcomes a

workplace product should promote: execute, engage, evolve, and expand.

Execute, engage, evolve, expand

Execute subsumes the effective and efficient accomplishment of given action

goals (i.e., tasks). Of course, people do not use workplace products for their

enjoyment only. They've got work to do. Thus, as a category of outcomes execute

relates to a product's utility and usability. This is not novel; however, any serious

model attempting to disentangle user experience at the workplace must include

this basic category. Work is about accomplishing specific tasks.

However, besides the mere execution of tasks, a workplace product should engage

its users. Engage – in our sense – summarizes situations, where people put

additional effort into tasks, which would otherwise be avoided or finished with the

least possible effort (and corresponding results, see Norman, 2004). Some studies

show that "perceived enjoyment" while working with a software can lead to more

usage often even in spite of usability errors (e.g. Davis, Bagozzi and Warshaw,

1992; Igbaria, Schiffman and Wieckowski, 1994). In addition, employees may use

their time more efficiently. They may engage less in alternative activities – a

typical avoidance behavior, when being unmotivated. Isen, Rosenzweig and

Young (1991), found that positive affect let medical students go beyond their

assigned tasks (identify the one person out of six which has lung cancer). They

performed as well as a control group but reached their decision earlier. In

addition, diagnoses for other patients were more likely to be mentioned and they

more often considered treatments. If arbitrarily induced affect can take such



4

effects on task performance, the impact of affect deliberately induced by a product

itself while being used may lead to similar effects on tasks.

In addition to engagement, users should evolve their abilities to better accomplish

their tasks, and even evolve their work itself, that is modifying their tasks by

finding functions they may have not been aware of so far. Putting those functions

to use will inevitably alter tasks (Carroll, Kellogg and Rosson, 1991). In other

words, a workplace product, which supports evolvement, will suggest ways to

restructure and modify tasks. Note that a product must present unknown functions

as opportunities for action, without distracting from currently active tasks.

Knowing a workplace product well and interacting with it in a playful way may

lead to a fourth outcome, namely to expanding. This implies going beyond the

product's original scope, using it for purposes that even the developers have not

thought about. This will surely be difficult to realize for many products, as some

are designed to fulfill rather strict requirements, not offering a wider scope

necessary for the invention of novel tasks. Users should be able to use a product

creatively, even if this means outwitting the software. This will lead to a feeling of

autonomy and competence. The challenge for developers will be to guide novices,

protect them from erroneous input not leading to their desired result and

simultaneously to support and encourage experts to seek new ways of achieving

their goals and expanding the software’s scope in general.

Table 1 summarizes the suggested four E's by providing desired user behavior and

hypothetical examples from the domain of "engineering" and "CT-scanning".

Table 1: Execute, Engage, Evolve, Expand

Aspect Desired behavior Example Engineering Example CT-

Scanning

Execute Task completion

User accomplishes a

given goal in an

appropriate time

User is able to put

her/his machine into

operation in time

User is able to

carry out an

examination in a

given time
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Engage Persistence in task

execution

User spends more

effort on goals, s/he

would normally

avoid, e.g. exploring

the product during

lunch break

User concentrates on

difficult error

diagnostics until the

error is found without

giving up

User is more

willing to do an

examination on

short notice close

to leaving off

work

Evolve Modification of tasks

User adjusts goals to

produce better

solutions by using an

ever increasing basis

of a product’s

functions

The production time

per piece is reduced,

because the user

discovers new ways of

programming her/his

machine

User changes the

way an

examination is

carried out,

because of some

functions s/he just

discovered

Expand Creation of novel

tasks

User creates novel

usage scenarios for a

given product

User contrives a new

manufacturing method

User invents a new

form of

examination

We believe that workplace products should be designed in a way to facilitate

behaviors summarized by the four E's briefly discussed above. People must be

enabled to execute their daily tasks and must be engaged to show more

persistence in executing even not so interesting tasks. In addition, a good

workplace product will lend itself to modify tasks themselves or even to create

completely novel tasks.

All four aspects considered in a product will not only lead to a more enjoyable

working experience – they comprise behaviors desired in any workplace that takes

human capabilities seriously. In this sense, well-designed workplace products may

not only be a source of employee well-being, but will have broader effects on the

quality of work itself.
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Abstract. Buying decisions for software products can be 
influenced by arousing positive emotions, as they increase 
acceptance of the software product. Therefore we will present a 
way, how these positive emotions can be generated within 
business applications. By capturing design knowledge about joyful 
user interfaces in interaction pattern, we provide systematic 
guidance on engineering fun. Our patterns base on psychological 
theories dealing with intrinsic motivation and derived from 
principles known form game design and e-learning. Implementing 
the patterns in real business applications we made experiences 
amongst others in describing them properly and their feasibility in 
practice.  

 

Keywords: user-interface pattern, design methodology, joy-of-use 

1 Introduction 

Successful software products should arouse positive emotions, since this is 
another factor next to the product’s reliability and functional range which 
influences buying decisions - and it is assumed, that its relative importance will 
increase within the next years. Especially business applications seldom differ in 
functionalities, why adding hedonic qualities and generating positive emotions is 
even more important for the acceptance of this kind of applications. 

Therefore, in our FUN-project (http://www.fun-of-use.de - a research project 
supported by the German government) we focussed on the question, how 
business applications can be designed triggering positive emotions to the user 
and how this can be supported by software engineering methods.  

In recent years more and more the necessity has been stated for systematic 
guidance to realise user experience (e.g. Shneiderman 2004). Within the FUN-
Project we identify interaction patterns to enhance joyful experiences in order to 
increase the user acceptance. 

Patterns as source of design knowledge are getting more common in recent 
years, since they were originally introduced for architecture (Alexander 1977). 
Describing approved solutions for often occurring problems in a structured way, 
they are now well suited in software engineering areas like design (e.g. Gamma 
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et al 1995), analysis (e.g. Fowler 1997), or architecture (e.g. Shaw 1995). 
Tidwell (2005) and van Welie (2000) described large pattern collections for 
interaction and user interface design problems, which became famous in the area 
of Usability Engineering. Although many pattern descriptions followed, those 
describing hedonic aspects are still missing. 

Starting with identifying these patterns our main challenges have been, where 
to extract them from, how to describe them properly, and how to apply them in 
practice. In the following we describe, how we dealt with these questions. 

The goal of this paper is to present our approach for identifying patterns and 
how we implement them with practitioners for watching their feasibility in 
practice and to test their effects in following experiments. 

We will present the identified patterns’ theoretical background, where we 
focused on e-learning and game design. Since they have their findings from 
psychology, sociology, and didactics, we also try to find our theoretical 
foundations in these fields. Figure 1 depicts these correlations between the 
pattern’s theoretical background down to the design recommendations given by 
them. Beside the background and the distilling process we will describe the 
challenges we had while we implemented some of the patterns with industry 
partners, as well as the experiences we made in this process. 

2 Theoretical Background of Fun-Patterns  

Humans experience joy from being kept by a thrilling exercise that they are able 
to master with some effort. For example, these experiences occur while being 
involved in games or well-designed learning environments.  

Motivation is a key element to engage in actions and enjoy such experiences. 
Typically the motivation is intrinsic, coming from the subject or activity itself 
and not from rewards offered externally. It may be the general interest in a topic, 
expected pleasures, the inner drive to accomplish some goals, pure curiosity, and 
thirst for knowledge. Intrinsic motivation depends on the acting person itself and 
not on the quality or quantity of outer properties. In contrast extrinsic motivation 
is alien to the system of acting person and activity. Most times it consists of 
materialistic or social rewards (e.g. money, association with a group) that have to 
be increased in quality or quantity with time to yield the same effects as before. 
To put it simple: Extrinsic motivation is “expensive” in terms of resources 
needed but easy to set-up, intrinsic is “cheap” but hard to put in place.  

Mixing intrinsic and extrinsic motivation was initially said to undermine 
intrinsic motives such that extrinsic motivation replaces intrinsic motivation 
(Deci 1971, Lepper et al. 1982). This view was challenged by several authors 
(e.g. Cameron & Pierce 1994, Weaver at al. 2003, Harrington and Wallace 2005) 
that were in turn re-challenged (e.g. Deci et al. 1999). Other researchers argue 
that extrinsic and intrinsic motivation may work together in harmony and may 
even amplify each other (Cameron et al. 2001, Reinholt 2006). As the effects of 
the combination of both types of motivation are not completely clear we will 
concentrate on intrinsic motivation as the more lasting and rewarding source of 
joyful experiences. Lindenberg (2001) coined the term “enjoyment-based 
intrinsic motivation”. Concentrating on enjoyment-based motivation means extra 
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challenges when producing fun-enhanced software. Instead of relying on 
extrinsic motivators, properties of the activity that the software should support 
have to be identified. Properties can then be changed, added or deleted to 
possibly gain a more motivating and joyful interface that provides a positive 
experience to the user. 

In general, intrinsic motivation is regarded as one key aspect for having fun 
(Csikszentmihalyi 1975). Facilitating intrinsic motivation is the key to let people 
enjoy fun during their work. This is the main approach behind Fun-Patterns. 

3   Fun-Patterns to Support Motivation 

Fun-Patterns are meant to create environments to support and foster intrinsic 
motivation. Under this premise we began identifying potential candidates for 
Fun-Patterns by examining game design and learning environments. Both 
subjects are viewed from a perspective from computer science, meaning that we 
gave special attention to concepts from computer games and e-learning. Each of 
the topics has a different approach to view motivation and involves a manifold of 
adjacent topics, like sociology, didactics, psychology and human factors. We 
analysed literature elaborating on such diverse topics like motivation, 
engagement, joy-of-use, creativity and experiences on the question what 
concepts are connected with the drive of people doing things and enjoying it. 
From this analysis we gathered recommendations for interaction design that were 
distilled to a selection of user-interface pattern to trigger fun (schematically 
visualised in Figure 1).  

Psychology, Sociology, Human 
Factors, Didactics 

E-Learning Game Design

Recommendations for 
interaction design

UI-Pattern
Collection

Realisation 1 Realisation n

Realisation 3Realisation 2
…

 

Fig. 1. Top-down process of the pattern development: from established high-level 
concepts to distilled patterns and concrete realisations 
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3.1.  Patterns from E-Learning 

In the field of learning it is crucial to motivate the learner to engage voluntarily 
in the learning activity, especially in the case of e-learning because it is mostly 
unsupervised. Positive emotions improves learning to Damasio (1993) showed 
that learning improves if the learner is emotionally touched. Examining literature 
about e-learning brings up a diversity of recommendations to foster and support 
motivation of the learner (e.g. Malone & Lepper 1987, Hops 2003, Sim et al. 
2005).  

One often found is to accommodate the learner in all possible situations. 
Thus learning software is often highly adaptable to the learner’s needs and skill 
levels. The user should be supported in achieving his goal and keeping him from 
being either asked too much. The more the learner knows the more difficult 
becomes the content. This can be transferred to interface design. An expert 
interface with a wide range of functions is neither enjoyable nor usable for a 
novice user. A professional user on the other hand might be frustrated by an 
interface made for beginners. Thus the user interface must fit the abilities of the 
user. We coined this proposed pattern “competence dependent UI”. It is 
described here in an abbreviated form that only shows the main categories of a 
typical pattern description (see for example Fincher 2003): 

Name Competence dependent UI 

Problem An user’s competences evolve or users 
with different competences use the 
system.  

Forces Novice users are scared off by highly 
complex interfaces. Experienced users 
do not want their skills being limited by 
too elementary interfaces. 

Solution Either detect the skill level of the 
individual user or give users the change 
to explicitely change their skill level. 
Then adopt the user interface. 

3.2. Patterns from Games 

Like mentioned above, computer games are a kind of software used voluntarily. 
They are designed to be so exciting, that many users keep on playing a game 
over hours and days. Games contain hedonic qualities, not task-based aspects 
like novelity or originality, as Hassenzahl et al. (2000) discribe, and states, that 
these qualities increase the user’s acceptance. So for us it was a logical step to 
look in game design literature to learn from experiences and research in this 
field. 
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For developing a successful game, Shelley suggests to “create a range of 
different gaming experiences in a number of different ways, all within the same 
game” (Shelley 2001). He argues with the broad audience of computer games. 
Business software also has a broad audience with different user goals and 
expectations. Each user has a different attitude towards fulfilling a business goal 
and realising own goals. Therefore the approach of a “range of game 
experiences” could be mapped to a “range of working experiences” by a number 
of different ways fulfilling a given task. The proposed pattern – we called it 
“target area” – is depicted in the following:  

Name Target area 

Problem Users have different experiences and 
different attitudes in fulfilling tasks and 
goals. 

Forces The task or the goal should be able to be 
reached in several nuances or different 
occurences. 

Solution Give users a range of possibilities 
fulfilling a task or reaching a goal. 

If you are going to design a presentation for example, you have different 
possibilities to fulfil this task – depending on how much you are going to 
embellish it: You can keep it very simple and write down black coloured text on 
white slides, or you can add animations to objects, you can use different colours 
or design playful changes between the slides. The general result of this task 
therefore is a range of different results in the target area “presentation”.  

4 Realisations of Fun-Patterns 

Up to this stage of the project we and our project partners have identified two to 
three Fun-Patterns to be put into some reference application that will be tested in 
an laboratory environment. Those two reference applications are typically for the 
domains of our project partners and can be viewed as prototypical instances of 
later commercial products.  

During this practical work we have identified two main challenges for which 
we will propose solutions: 

1. The quality of a set of patterns is only as good as the quality of each item 
and its description of the relations to others. Such interrelated sets are 
often called languages. Thus we need a language of patterns that can be 
used for interaction patterns and that might be easily customized. 

5 



2. Patterns of any kind by definition are only abstract solutions to certain 
classes of problems. Thus the solution presented in one pattern must be 
customized for the concrete context of the problem. Otherwise it might 
happen that the implemented solution does not have the expected positive 
consequences or that it might conflict with other patterns and thus thwart 
the intended effect. 

These challenges were tackled by different means. 

1. We were looking at existing pattern description templates and examining 
existing pattern languages in terms of fulfilling our needs in describing 
patterns. Thus we identified the Pattern Language Mark-Up Language 
(PLML) as the most recent and thorough work to start with. This language 
and the corresponding template encompass many concepts found in 
software or architectural patterns transferred to interaction design (Fincher 
2003). We are about to extend PLML by some concepts that were missing, 
especially to support the application and customization of the pattern for 
the later user, be it a programmer or a designer. Thus the pattern 
description may help the programmer when implementing the concept, but 
the designer has the opportunity to model these concepts into the 
application from the start on. Thus anticipating the results and consciously 
shaping the user experience is at hand.  

2. By doing workshops with the project partners we learned about their 
domain, the context and the application area of the to-be-enhanced-
software. We used methods like interviewing, creativity elicitation through 
associative thinking and brainstorming. Through close cooperation with 
our partners a set of patterns were identified that bear the potential of 
being successfully implemented in the reference applications. Our partners 
will implement these patterns and we will test those implementations. As 
only the emotional side of the interaction will be influenced we can learn 
what patterns have a positive effect on the motivation of the user. 

5 Lessons Learned 

From our work we condensed recommendations for interaction design of joyful 
interfaces. But not every potential candidate was identified as an appropriate 
pattern. To be a Fun-Pattern it had to satisfy three conditions: 

1. It must be an applicable solution to a certain class of problems – not to 
abstract (like high-level principles), not to concrete (e.g. a practical 
realisation for a specific problem in a specific context). 

2. It must be a description of means to reach a goal-state and not a mere 
description of that desirable state. 

3. It must be unique in the way that no other patterns encompass the same idea 
in the same manner. General ideas to evoke fun and realisations of 
recommendations are not patterns. 

6 



Applying a pattern in the collection to real world situations means identifying a 
specific problem and abstracting it to a generic problem description. That 
description is then matched to the problem descriptions in each pattern. After 
having identified a matching pattern, it has to be customised to the specific 
problem and the overall goal of interaction striven for in the specific context. The 
last step is to check if the specific problem is suspended by the specific solution 
(the realisation of the pattern). The whole process is illustrated schematically in 
Figure 2. 

UI problem 
descriptionSpecific UI problem

UI PatternSpecific UI solution

is matches by

Abstraction

Customi-
zation

is suspended by

Context

 

Fig. 2.  Fun-Patterns in use: Abstraction of the problem and customization of the pattern 
by the developer 

As we have seen the solution described in a Fun-Pattern has to be customised to 
the context of the problem environment to form realisations that practically 
solves the problem (see Figure 2). In contrast to patterns in software-
development this step cannot be automated yet, as the diversity of constraints, 
the inter-relations of patterns and humans’ reactions to it are to complex 
(Dearden & Finlay 2006). 

6 Summary and Future Work 

In context of the fun-project we are engaged in how positive emotions can be 
triggered with software and how this knowledge can be used in the software 
developing process. We decided to express our experiences in interaction 
patterns and try to realize fun-of-use in business applications with this approach. 
Therefore we searched in game and educational literature for existing 
approaches, guidelines and heuristics. A further source had been literature about 
motivation. Based on this we extracted a first set of patterns.  

Our future work will be developing a comprehensive pattern language for 
interaction patterns especially describing fun-of-use, implementing selected 
patterns in test applications for analyzing their effect and relevance, and 
redesigning the tested patterns if necessary.  

In a first step, some patterns will be implemented and their effect will be 
evaluated in a lab-setting. The pattern’s effect on users will be measured by a 
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comparison of two versions of a software system – the system with implemented 
pattern compared with a version of the system without pattern. This comparison 
will contain the user’s interaction behaviour as well as his subjective appraisal 
and the result we expect to achieve with this pattern. 

During the second project phase we will apply the pattern approach for 
interaction design in the industrial setting of our partners within their 
development projects. The goal of this phase is to investigate and prove the 
usefulness of patterns for software developers.  

The emotional side of interaction can be designed by using patterns without 
the need to have a background in psychology, game design, or e-learning. This 
bears the hope that in the future the users will meet more enjoyable user 
interfaces of business applications and therefore their acceptance will increase. 
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Abstract. An overview of our work on evaluating an affective embodied
agent within a nutritional scenario (over extended periods of interaction)
is provided. Results from an investigation into how subjects respond to
the agent’s emotional expressions are also detailed, with a particular
focus on how subjects respond to mismatched emotional expressions (e.g.
a happy face with a concerned voice).

1 Introduction

With interface designers increasingly incorporating emotion into their interfaces
through a variety of modalities (e.g. textual content, speech, video and facial
expressions in embodied agents), it is imperative that we understand in detail
the impact of simulated emotion on computer users. An important strand of
research that is often neglected is that of how users respond to synthetic displays
of emotion. How do we respond to synthetic displays of happiness, sadness, anger,
frustration and fear? Do we prefer emotional or unemotional interface agents?
Can we catch emotions from computers? Studies which have focused on questions
such as these have failed to confirm whether building emotional capabilities into
interface agents truly enhances an interaction.

This paper contains an overview of our ongoing research in this space and will
start by highlighting the importance of evaluating affective agents over multiple
and extended periods of interaction. We then provide a summary of an affective
embodied agent that we have developed which simulates the role of a human
health professional and detail the research questions that we are interested in
examining with this agent. Following this, we provide details and results from
an initial study that we conducted which examined subjects’ perceptions of
both accurate and mismatched emotional expressions (e.g. a happy face with
concerned voice).

2 Extended Interactions with Affective Agents

Recent studies have suggested that we may respond to synthetic displays of
emotion in a similar way to human emotion. For example, Brave et al. [1] found
that when an embodied agent was empathetic toward the user (through facial



expressions and textual content) it was perceived to be more likeable and trust-
worthy than an agent which was not empathetic toward them. But how strong
are effects such as these and do they remain consistent over two, three, four or
forty separate interactions? Our interactions and emotional perceptions of peo-
ple change over time, and it therefore seems likely that emotional computing
will encounter related effects. Bickmore and Picard [2] investigated whether an
embodied agent could help motivate people to do more exercise over the period
of a month, but studies such as these are rare. The majority of studies conducted
in this area are often completed in a single session and typically last less than an
hour. Over the coming years, it is likely that we will start to work more closely
with interface agents as they start to perform more tasks on our behalf. As a
result, people will start to build long-term relationships with agent entities and
will grow to trust and depend on them. This makes it essential that we examine
how we respond to affective agents over both short and extended interactions to
help us understand how our perceptions of such agents change over time.

3 Current Research

In order to understand further how we respond to simulated emotion we have
built an embodied agent which will simulate the role of a human health profes-
sional. The interaction will follow that of a standard (human) nutritional coach-
client interaction (e.g. [3]), with the agent: (1) introducing itself and attempting
to build rapport with the subject (2) clarifying both its own and the subject’s
role (3) enquiring about the subject’s dietary history and current eating habits
(4) discussing the pros and cons of the subject’s current diet and in changing
their diet (5) discussing options that the subject has for changing their diet and
offering tips (6) getting an initial commitment to change and terminating the
interaction effectively. Subjects will be able to respond to the coach’s questions
by selecting from a list of pre-scripted responses. We are currently investigating
the following research questions: (1) are emotional synthetic health professionals
perceived more positively than unemotional agents? (2) can emotional agents
help motivate people to change unhealthy habitual habits more effectively than
unemotional agents over extended periods of interaction? (3) how do our per-
ceptions of emotional interface agents change over extended interactions?

4 Initial Study

As the agent’s emotional expressions are integral to the research outlined above,
we recently conducted an initial study that examined subjects’ perceptions of
the agent’s emotional expressions. We were also interested in how people per-
ceive emotional expressions where the facial expression and speech of the agent
are mismatched. For example, if the agent has a happy facial expression and a
concerned voice, what do users perceive? Is the visual or audio channel stronger?
Does inconsistency lead to confusion and extra cognitive load? These questions
were examined as part of this study.



4.1 Method

When investigating subjects’ responses to the agent’s emotional expressions, we
tested for four different emotions: happiness, warmth, neutral, and concern. The
primary reason for choosing these emotional expressions is that they are the ones
primarily used within a therapist-client interaction [4, 5]. We tested subjects’
responses to static facial expressions, audio only expressions, and animations
(essentially a combination of facial expressions and audio). The utterance ”OK,
that’s fine, take care” was used in the audio only and animation conditions, and
was recorded by a twenty-five year old female to match the approximate age of
the embodied agent that we had developed. The reason for developing an agent
of this age was that a number of studies have shown that therapy is often more
successful when the therapist is of a similar age to that of the client [5]. Therefore,
as our future studies are intended for undergraduate and graduate students (aged
between eighteen and twenty-four), we decided to give the agent the appearance
of being aged from mid to late twenties. However, for the purposes of this study,
we did not limit subjects to this age range or profession - we were interested to
examine how a wide variety of subjects from different professions and of different
ages would rate the agent’s emotional expressions.

4.2 Procedure

Sixty-eight subjects (forty-three male and twenty-five female) were recruited
both from Birmingham University (undergraduate and graduate students) and
from an advertisement made on the British HCI Group’s Usability News website.
From the advertisements, subjects were directed to a website that gave instruc-
tions about the experiment and were told that they would be shown a variety of
emotional expressions and that we would like them to rate the emotional expres-
sion in each via the measures provided. The experiment had a within-subjects
repeated measures design with twenty-four different conditions. Subjects were
initially asked to provide demographic information about themselves and then
to rate the twenty-four different emotional expressions. There were four static
facial expressions (happy face (HF), warm face (WF), neutral face (NF), con-
cern face (CF)), four audio only expressions (happy audio (HA), warm audio
(WA), neutral audio (NA), concern audio (CA)), and sixteen animations (four
where the face and audio matched, and twelve where they were mismatched -
see table 3). After completing the twenty-four different conditions, subjects were
then asked to (optionally) answer three further questions which asked for their
general opinions on the agent.

4.3 Measures

Subjects were asked to rate the emotional expression in each condition using
four seven-point semantic differential scales, taken from [5]. The scales were
engaged/disengaged, warm/cold, concerned/unconcerned, happy/sad, ranging
from a rating of seven on the left-hand side of the scale, to a rating of one on
the right-hand side (Fig. 1).



Fig. 1. Screenshot of the nutritional coach

4.4 Results

Static Facial Expressions

Table 1 contains the means values on all of the measures for each face and
illustrates that subjects were able to distinguish between the different facial
expressions.

Table 1: Mean scores for static facial expressions (standard deviation in
brackets)

Face Engaged Warm Concern Happy

HF 5.27 (1.33) 5.46 (1.22) 4.23 (1.71) 6.23 (.80)

WF 4.97 (1.31) 5.32 (1.02) 4.28 (1.51) 5.54 (.98)

NF 3.99 (1.21) 3.88 (.98) 3.86 (1.24) 3.79 (.76)

CF 3.89 (1.43) 3.78 (1.20) 4.53 (1.61) 1.75 (.81)

Audio Only Expressions

Table 2 contains the means values on all of the measures for each audio only
expression and suggests that subjects had difficulty in distinguishing between
the different emotions. HA was perceived as expected, but WA and NA were
lower than expected on a number of measures, while CA seems to have been
perceived more as sadness than concern.



Table 2: Mean scores for audio only expressions (standard deviation in
brackets)

Audio Engaged Warm Concern Happy

HA 5.13 (1.33) 5.26 (1.22) 4.42 (1.72) 5.67 (.80)

WA 4.49 (1.23) 4.37 (1.23) 3.96 (1.30) 4.20 (.99)

NA 2.95 (1.41) 2.81 (1.15) 2.73 (1.20) 2.72 (1.20)

CA 2.49 (1.36) 2.88 (1.24) 2.67 (1.58) 1.95 (.99)

Animations

Table 3 contains the mean values for all of the animations on each measure.

Table 3: Mean scores for all animations (standard deviation in brackets)

Animation Engaged Warm Concern Happy

HH (HF+HA) 5.03 (1.66) 5.35 (1.28) 4.35 (1.74) 5.59 (1.12)

HW (HF+WA) 5.18 (1.24) 5.23 (1.21) 4.62 (1.52) 5.29 (1.16)

HN (HF+NA) 4.56 (1.56) 4.66 (1.35) 4.26 (1.66) 4.83 (1.37)

HC (HF+CA) 4.01 (1.47) 4.41 (1.37) 4.12 (1.49) 3.88 (1.49)

WH (WF+HA) 5.37 (1.21) 5.51 (1.10) 4.59 (1.66) 5.74 (1.13)

WW (WF+WA) 5.31 (1.45) 5.39 (1.31) 4.53 (1.64) 5.36 (1.20)

WN (WF+NA) 4.71 (1.61) 4.94 (1.45) 4.15 (1.53) 4.66 (1.43)

WC (WF+CA) 3.66 (1.76) 4.09 (1.59) 3.50 (1.61) 3.99 (1.61)

NH (NF+HA) 3.66 (1.77) 3.49 (1.60) 3.25 (1.53) 3.73 (1.32)

NW (NF+WA) 3.55 (1.29) 3.40 (1.21) 3.30 (1.34) 3.41 (1.10)

NN (NF+NA) 2.41 (1.37) 2.24 (1.17) 2.41 (1.46) 2.86 (1.19)

NC (NF+CA) 2.19 (1.22) 2.27 (1.15) 2.37 (1.57) 1.85 (1.04)

CH (CF+HA) 3.67 (1.47) 3.19 (1.30) 3.02 (1.59) 2.30 (1.23)

CW (CF+WA) 3.13 (1.50) 3.12 (1.35) 3.04 (1.58) 2.62 (1.08)

CN (CF+NA) 2.71 (1.50) 2.69 (1.42) 2.83 (1.77) 2.27 (1.05)

CC (CF+CA) 2.43 (1.42) 2.67 (1.37) 2.79 (2.04) 1.42 (0.72)

Engagement

There was a significant main effect for the visual dimension in animations with
respect to engagement, F (2.15,141.99) = 97.99, p<.001. Animations that had
a happy or warm face were perceived as more engaging than animations that
had a neutral or concerned face. There was also a significant main effect for
the audio dimension in animations, F (3,198) = 42.09, p<.001. Animations with
happy or warm audio were perceived as more engaging than animations with neu-
tral or concerned audio. There was also a significant interaction (visual*audio),
F (9,594) = 2.71, p<0.05), such that WH, WW and WN were perceived as more
engaging than HH, HW and HN, while HC was rated as more engaging than
WC. Also, NW was rated as more engaging than CW, while NN and NC were
rated as less engaging than CN and CC (Fig. 2).
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