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Affective computing is a young field of research that interconnects many 
different domains and has a range of important applications. However, little 
attention has been given to the employment of affective computing in 
collaborative networks. This paper examines the possible challenges for 
‘injecting’ emotion-awareness into collaborative networks with a view to 
improving the effectiveness, motivation and naturalness in the communication 
between their members. Moreover, by observing the state of the art in affective 
computing, we present certain needs and benefits (why) as well as possible 
approaches (how) to the application of affective computing technologies in 
collaborative networks, with the focus on affective interaction.         

1. INTRODUCTION 

The constant and rapid evolution of information and communication technologies 
has enabled efficient and effective collaboration among geographically dispersed 
networks of people. In particular, recent years have witnessed the appearance of a 
range of virtual communities, virtual organizations, virtual enterprises and other 
types of ‘collaborative networks’ (CNs) (Camarinha-Matos, 2005). Since its 
introduction as a new scientific discipline, CN is facing many challenges primarily 
focused on the improvement of the collaboration process. Apart from efficiency, 
both the business and the scientific communities desire naturalness in their 
communications.  

Nowadays, intelligent, natural and effective interaction is considered to be one 
that incorporates the recognition and expression of emotion, i.e. affective interaction 
(Salovey, 1990). However, emotions were formerly considered as an exceptional 
human ability that gets in the way of effective and intelligent human communication 
and is undesirable for rational behaviour (Goleman, 1995). As a result, emotions 
have only recently entered into the spectrum of attractive and significant research 
topics. A principal reason for this is a growing appreciation of the strong 
interconnection between human emotions and intelligence (Salovey, 1990, Goleman, 
1995). Indeed, the realisation of the significance of emotions in the expression of 
intelligence gave birth to the term ‘emotional intelligence’, defined as “the capacity 
to understand emotional information and to reason with emotions” (Salovey, 1990).  

Affective computing (AC) is the scientific discipline that is concerned with 
emotional interactions performed with and through computers (Picard, 1997). Picard 
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(1997) defines AC as “computing that relates to, arises from, or deliberately 
influences emotions”. In fact, AC is an interdisciplinary field that introduces new 
domains and applications mostly, but not exclusively, related to advanced human-
computer interaction (HCI). Affective HCI assumes that the computer is emotion-
aware, i.e. it is both able to recognise emotions and to intelligently or appropriately 
express them. In the investigation of possible application areas of AC, researchers 
have recently been interested in virtual environments, communities and networks, 
among others (ref), although not much has been achieved so far.                     

This paper discusses the main challenges arising from the application of AC 
technologies in the sphere of collaborative networks. By presenting the key aspects 
and the state-of-the-art in AC, we examine possible future directions and fields 
where emotion-aware and emotionally-intelligent technologies might provide 
particular gains. Moreover, the paper investigates the need (why) of affective 
interaction in CN, the benefits arising from ‘injecting’ emotions into the 
communication channels and the possible approaches (how) towards the application 
of affective computing technologies in collaborative networks, with focus on 
affective interaction.       

2. NEED FOR AFFECTIVE INTERACTION IN CN 

Emoticons have been used as a tool for the ‘graphical’ representation of the emotion 
hidden behind a textual message, and their extensive usage (whether in a form of a 
simple smile or a 3D cartoon avatar) provides clear evidence that people feel the 
need to convey their emotions to the other party in their communications. Therefore, 
it is argued that the nature of human expression requires an ‘injection’ of emotions 
into the communication in CN platforms. 

In order to understand what CN might gain from affective interaction1, we first 
have to examine the impact of emotions on some key aspects of human forms of 
communication and collaboration. In particular, emotions directly influence human 
physical and especially mental states and this in turn has an impact on the 
performance in CN. The very principal underlying any type of CN is the 
improvement of communication within networks where people with mutual goals 
are striving to come up with the best output collaboratively. The quality of the 
collaboration and the output might directly depend on the creativity of the members 
of a CN. According to the ‘broaden-and-build model’ (Fredrickson, 2003), positive 
emotions play a key role in increasing an individual’s creativity. Moreover, 
emotions can control the motivation for achieving goals (Cooper et al, 2000; 
Parkinson 1995; Brewer, 2004) as well as improving a person’s problem solving 
ability (Damasio, 1994). A person in a happy state is most likely to accomplish their 
pre-set goals, and will perform better than if they were in a negative emotional state 
such as anger or depression. Affective interaction could be used as a positive 
instrument to create emotional-awareness between the members of a CN. 

                                                          
1 The term ‘affective interaction’ often refers to human-human interaction. When 
discussing CN, affective interaction includes any computer-related interaction i.e. 
computer-mediated human-human, computer-generated or computer-interpreted 
interaction.    
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Additionally, it can help in the discovery of methods for increasing the level of 
performance, creativity and motivation inside a CN.  

Many researchers consider empathy to be a strong mechanism for reducing 
frustration and generally improving  the emotional state and mood (Hone, 2006; 
Klein et al., 2002). We argue here that empathy is one of the missing aspects that 
differentiate communication in CNs from direct physical human-human interaction.  
With affective interaction, users are capable of expressing their empathy towards 
other CN participants (empathic interaction), thereby increasing the closeness and 
the levels of trust between CN members. 

The naturalness of the affective communication process brings about increased 
interactiveness and, by focusing on the CN participant’s involvement, it sets the base 
for the sense of “social presence”. Social presence was introduced by Shoer et al and 
is defined as “the salience of the other in a mediated communication and the 
consequent salience of their interpersonal interactions” (Shoer et al, 1976). The 
expression of emotion, feelings, and mood in a mediated interaction has been 
considered as a defining characteristic of social presence (Garrison et al., 2000). The 
notion of social presence in CNs can be realised with ubiquitous computing where 
the computer still acts as a mediator in the communication but it is demilitarised as a 
single entity i.e. the participants do not ‘notice’ the computer-mediation process.  
This issue is further discussed later in the paper.  

Furthermore, a CN is described as a network of entities that are “geographically 
dispersed and “heterogeneous in terms of their…culture…” (Camarinha-Matos, 
2006). There are many theories that support the notion of universal emotions, 
according to which emotions are expressed in the same manner, regardless of the 
cultural diversities (Ekman, 1972, Mesquita,1992, Plutchik, 2001). If these theories 
are adopted in the domain of CN, emotional expression and interaction might bridge 
the potential cultural or even the social gap between the diverse entities in a CN.   

In summary, affective interaction, as a new and more advanced type of 
interaction, can bring about a certain level of excitement to CN participants, as well 
as, change the whole perception between them. 

    
3. EMOTION AWARENESS AND INTELLIGENT 
EMOTIONAL EXPRESSIVNESS IN A CN   

In affective communication there is a need for emotion-awareness and emotionally 
intelligent expressiveness. Awareness is known to play a crucial role in a 
collaborative environment i.e. people need to be ‘aware’ of each other in such an 
environment in terms of their intentions, general feelings, influence on the shared 
workspace etc. (Garcia et al, 1999). Since we are concerned with computer-mediated 
affective interaction, the computer2 has to posses the ability of emotion-awareness 
and through emotion expressiveness to enable users to be aware of the emotional 
state of others. In other words, it has to be aware of the emotional state of the user 

                                                          
2 By computer we mean the communication mediator (it does not necessarily refer to 
the notion of a desktop computer)  
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on one side of the communication (input), interpret, transmit and, on the other side, 
express it in an emotionally intelligent and effective manner.  

Emotional input can be comprised of one, or preferably a combination of all, 
channels and from the different input forms a clear interpretation/specification of 
emotional state has to be obtained. Additionally, that emotion specification is 
expressed in one or a combination of emotional output channels. Therefore, when 
referring to emotion-awareness and emotional intelligence in CNs we are focusing 
on the computer means for exhibiting these capabilities. In order to do so, the 
computer has to be equipped with AC mechanisms and technologies.  

3.1. Emotion awareness  

The complexity of the emotion has been studied for a long time and researchers still 
debate on the theory(s) that most appropriately describes this ‘human ability’. One 
group of researchers state that there exists a set of basic emotions or emotion 
categories, such as anger, fear, joy, sadness, disgust etc. (Plutchik, 1990; Ekman, 
1971). Others use the ‘dimensional approach’ for describing affective space 
emotions, where emotions are represented through values in an n-dimensional space 
(Scholesberg, 1954; Lang et al, 1997). The affective space typically consists of two 
dimensions: arousal (calm/excited) and valence (negative/positive). Furthermore, 
there have been many studies and debates on the affective states that a person can 
experience and the channels through which those states are expressed to the outer 
world. For an affective communication in CN we are interested in the most proper 
communicative channels of emotion, through which the user can portray to the 
computer and through which the computer can identify the emotional state of the 
user. This is not exclusive to the output/expressive channels (since the internal 
physiological reactions to emotions are not necessarily visible by others). Mainly, 
emotions are communicated/expressed vocally, through facial expressions and 
through gestures  (Clynes 1977; Planalp, 1999). Additionally, through specific 
sensors the computer can identify the emotions form physiological signals (Bauer, 
1998).  

Vocal Emotion Communication. Human speech caries emotional information 
in the semantics and in the speech prosody. While semantics (what has been said) is 
a more obvious expression of emotion, prosody holds more detailed emotional 
information. Prosody combines nonsemantic cues in spoken language, such as: 
fundamental frequency (pitch), loudness, rhythm, formant structure of speech 
sounds, intonation etc. An extensive research has been done on affect encoding and 
decoding in vocal communication (Banse, 1996; Cowie and Douglas-Cowie, 1996; 
Bachorowski 1999). See (Scherer, 2003) for more comprehensive review. Generally 
studies have been oriented in recognition of six basic emotions (anger, joy sadness, 
fear, disgust and surprise) from speech and significant results have been reached (Yu 
et al, 2001; Dealert et al, 1996; Nogueiras et al, 2001). The average success rate in 
the recognition process is between 70% and 80%, which is higher that the human 
recognition rate of around 60%.  
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Affective facial expressions and gestures  

Facial expression are mostly used by humans in identifying certain emotional 
categories due to the distinct facial expressions for the “universal” human emotions 
such as happiness, anger, sadness, surprise, fear and disgust (Ekman, 1972).  

Body gestures play a vital role in conveying human emotional states, and due to 
the high variability of the emotional body posture and gesture facial expression are 
strongly influenced by the concurrently presented body language (Ambady, 1992; 
Meeren, 2005).   

Affective psychophysiology. Most of the disturbance caused by a certain 
emotion influences the internal physiology of the human body (alteration of brain 
states, increase of the heart-beat rate, hands sweating, (face) muscle movements, 
increase of the respiration rate etc).  Monitoring these types of emotional 
expressions requires employment of specific sensors and recordings of their output 
such as Electroencephalogram (EEG), Electrocardiogram (ECG), Skin Conductnce 
or Electrodermal Activity (EDA), Electromyogram (EMG) etc. The usage of 
physiological signals in identifying a user’s emotional state has became popular in 
recent years due to the advanced development and availability of unobtrusive 
sensors that can provide constant and reliable monitoring of a user’s internal 
emotional reaction (Picard, 1997). Physiological sensors have been integrated into 
clothing and jewellery; skin conductivity sensor in shoes, blood volume pressure 
sensor in earrings, respiration sensor in a sports bra and numerous others (Picard, 
2001). Bamidis et al have proposed a multi-channel framework for experimenting 
with physiological sensing of human emotion (Bamidis et al, 2007).    

3.2 Emotionally expressiveness 

Human-like and emotional intelligence is the key factor that is required in the 
computer for the user to feel that is engaged into a natural, intelligent and realistic 
communication. In a CN, the computer acts as a representation of the person on the 
other side of the communication. As such, not only it has to provide the best 
possible interpretation of the other person, but it should provide additional 
information that may assist the user in connecting better with that representation as 
if it were the other person. Going along with this requirement is the belief of 
philosophers and psychologists that “what matters in human-human interaction is 
the individual’s subjective belief about each other, not the objective truth of the 
interaction” (Bailenson et al, 2000). Computer appearance is one of the principal 
design issues for emotional expression; it has to provide the user with an interface 
similar to a face-to-face interaction (Picard, 1997).         

Avatars have been used as a visual representation of human characters for more 
natural human-computer interaction. They are seen as “the physical representation 
of the self in virtual reality” (Castronova, 2003). Moreover, emotional interaction 
through avatars has already been seen in collaborative virtual environments and 
other types of collaborative systems (Fabri, 2005; Garcia, 1999; Selvarajah, 2005). 
Studies have shown that users interact with avatars as with other human beings 
(Bailenson, 2005). Since the intention of the avatar is to visually represent a human 
character, emotional expressiveness would require adoption of all the principles 
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behind the human visual emotional expressiveness. More specifically, the relation 
between emotions and facial expressions, as well as, body gestures, as described in 
the previous section. Apart from the visual, emotions can be expressed through 
affective synthetic speech.    

Figure 1 - Affective Interaction in CN 

4. DISCUSSION  

The main aim of this paper was to review the needs and significance of emotions in 
human interaction, and the key aspects of affective interaction in CN, based on the 
facts in the existing literature. We have discussed the impact of emotions on human 
rational behaviour in CN, as environments with computer-mediated interaction 
human-human interaction. By presenting the key aspects of affective computing in 
relation to affective interaction we merely described possible application mechanism 
of affective computing in CN. CN as an interdisciplinary topic includes many 
domains that can benefit from affective interaction and emotion-awareness among 
the participants. Imagine a scenario where tasks or projects have to be appointed to 
team/group members. If the delegator knows which team member is mostly excited 
or motivated for a specific task, a most effective delegation would be achieved and 
the team could have greater success. Moreover, decision support and group conflict 
mechanism can be constructed, based on emotional interaction, which could be used 
in electronic meetings inside CN (Garcia, 1999).  

Collaborative Innovation Network (CoIN) is a type of CN defined as “a 
cyberteam of self-motivated people with a collective vision, enabled by the Web to 
collaborate in achieving a common goal by sharing ideas, information, and work” 
(Gloor, 2005). Affective interaction is specifically important for CoIN since it is a 
non-hierarchical CN with principles based on honesty, trust, innovation, creativity 
motivation, transparency and closeness.    
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