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Summary  
 

In recent years, researchers have become increasingly interested in the application of 
intelligent virtual agents in various domains. Intelligent virtual agents (IVAs) are 
autonomous, graphically embodied agents in a virtual environment that are able to 
interact intelligently with the environment, other IVAs, or with human users. Recently, 
much research has been dedicated to developing virtual agents with more realistic 
graphical representations. However, the affective properties of such agents are usually 
rather limited, and not very human-like. For example, although many IVAs currently 
have the ability to somehow show emotions by means of different facial expressions, it 
is quite difficult for them to show the right emotion at the right moment. One step 
further, it is even more difficult for them to actually understand and react empathically 
to the emotional state of other agents. This is in conflict with the requirement of virtual 
agents to closely mimic human affective behavior. Several studies in Social Sciences 
have shown that this is an important prerequisite for an agent to increase human 
involvement in a virtual environment. Therefore, existing systems based on IVAs are 
not as effective as they could be. Properties that they typically lack are the ability to 
show emotions (not only in terms of facial expression, but also in terms of behavior), in 
relation to insight in each other’s and humans’ cognitive and affective states. 

To deal with this problem, some authors propose to increase the affective properties 
of interactive software agents by using knowledge from psychology and cognitive 
science as a basis for computational modeling of the cognitive and affective processes 
involved. Recently, a variety of such computational models have been developed for 
different aspects of human behavior. Examples include models for reasoning processes, 
visual attention, emotion regulation, mindreading, stress and workload, and moods. If 
such computational models are available in a formal format, this opens the possibility to 
equip IVAs with them. However, the step from existing computational models (that are 
mostly used for simulation purposes) to models that can directly be plugged into a 
virtual (3D) environment in such a way that the IVAs behave according to the cognitive 
model, is a nontrivial one. In reality, this step involves an iterative process, consisting 
of, among others, the following sub-tasks: refinement of the computational model, 
translation to a specific programming environment, and testing and evaluation of the 
resulting model in the virtual setting. 

The main research goal of this thesis is to explore how computational models of 
affect can be integrated within virtual agents. To this end, different theories were taken 
from different fields (e.g., Social Sciences, Psychology, Economics and Finance) and 



 

 

have been combined to develop integrative models of affect. Most of these models have 
first been used for simulation, to test whether their overall behavior was satisfactory. 
For this, various modeling environments have been used, such as LEADSTO and C++. 
Next, these models have been incorporated within applications related to health care, 
games and business context. These applications have been developed using JavaScript, 
in combination with the Vizard toolkit. Finally, for some applications, user tests have 
been performed. The preliminary results of these tests show that through the developed 
models, users are more involved in the applications. 

In the first part of the thesis, the extent to which an agent becomes involved with 
another agent, or stays at a distance from it, is modeled, by formalizing in a 
computational manner the (previously informally described) I-PEFiC model. These 
extents depend upon different aspects of the other agent such as ethics (good or bad), 
aesthetics (beautiful or ugly), epistemics or realism (how realistic or unrealistic the 
other agent is), similarity (resemblances between the two agents) and affordances the 
other agent offers as an aid or obstacle for task performance of the agent. Second, the 
integration of three models of affect is addressed. The approach taken in this part is to 
select three of the more influential models, which share that they can be used to enhance 
believability of virtual characters: CoMERG (Computational Model of Emotion 
Regulation based on Gross theory), EMA (Emotion and Adaptation) and I-PEFiCADM (I-
PEFiC extended with a module for Affective Decision Making). Then, we focus on 
modeling affective states of a person in economical context. This economical context is 
considered a large scale multi-agent system consisting of thousands or millions of other 
agents. In this part it is described how a person’s involvement with these other agents in 
the form of individual investment decisions depends on a personal risk profile, the state 
of greed of the person, and the state of the world economy. Finally, in the last part of the 
thesis, applications of virtual agents that show emotions in the domains of health care, 
business, and games are presented and evaluated.  
 


