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Abstract – We investigate the different roads that should be taken to make 2D and 3D guides 

on webpages and in (augmented) virtual reality environments more attractive. Currently, most 
of the approaches have been done from a graphics point of view. Often research stops when we 
have to model how these graphically well-designed agents are going to do something useful and 
have to interact with the user or a visitor of an environment. What does the virtual guide know 
about the environment, what are its goals and how does it recognize and handle the characteris-
tics and desires of the users/vistors it has to deal with? We survey the different approaches we 
take and mention some shortcomings and how they can be overcome. Topics that will be men-
tioned are multimodal and affective interaction, social relationships, the role of humor in inter-
actions, web-based applications, and verbal and nonverbal communication modeling. 

 
 

INTRODUCTION 
 

We investigate how to make it more attractive to interact with embodied agents that help to 
explore cultural inheritage environments, virtual museums and virtual exhibitions. We look at 
several aspects of human-human interaction in environments where there is face-to-face inter-
action and where it is natural to make references to a visible environment. Visualization and 
advanced interaction techniques, together with embodied agent research make it possible to 
design environments to which human-to-human communication characteristics can be trans-
lated to human-computer communication characteristics. 

 
COMPUTERS AS SOCIAL ACTORS 

 
In translating human-human interaction to human-computer interaction we can refer to the 

‘Computers Are Social Actors’ paradigm introduced by Reeves and Nass [7]. They showed 
that computer users attribute human characteristics to computer systems. In short, when inter-
acting with a computer, people attribute human characteristics to this computer. They are 
flattered when the computer rewards their behavior, they are less honest when they are ques-
tioned by their ‘own’ computer than by a ‘neutral’ computer, etc. As designers of human-
computer interfaces we can exploit this behavior. Especially, when we have some properties 
of a computer system embodied in a virtual and embodied agent, we may assume that users 
attribute all kinds of human properties to such an agent and we can try to elicit certain behav-
ior of the human partner that will help to get a smoother communication with the system. 

 
COMPUTERS AS EMBODIED CONVERSATIONAL AGENTS 
 

Embodied conversational agents (ECAs) have become a well-established research area. 
Embodied agents are agents that are visible in the interface as animated cartoon characters or 
animated objects resembling human beings. Sometimes they just consist of an animated talk-
ing face, displaying facial expressions and, when using speech synthesis, having lip synchro-
nization. These agents are used to inform and explain or even to demonstrate products or se-
quences of activities in educational, e-commerce or entertainment settings. Experiments have 



shown that ECAs can increase the motivation of a student or a user interacting with the sys-
tem. Lester et al. [4] showed that a display of involvement by an embodied conversational 
agent motivates a student in doing (and continuing) his or her learning task. Some examples 
of embodied conversational agents are shown in Figure 1. From left to right we see: Jennifer 
James, a car saleswoman who attempts to build relationships of affection, trust and loyalty 
with her customers, Karin, informing about theatre performances and selling tickets, Steve, 
educating a student about maintaining complex machinery, and Linda, a learning guide. 

 
Intelligence and Nonverbal Interaction 

Embodiment allows more multimodality, therefore making interaction more natural and 
robust. Several authors have investigated nonverbal behavior among humans and the role and 
use of nonverbal behavior to support human-computer interaction. See e.g. [1] for a collection 
of chapters on properties and impact of embodied conversational agents (with an emphasis on 
coherent facial expressions, gestures, intonation, posture and gaze in communication) and for 
the role of embodiment (and small talk) on fostering self-disclosure and trust building.  

Current ECA research deals with improving intelligent behavior of these agents, but also 
with improving their verbal and nonverbal interaction capabilities. Improving intelligent be-
haviour requires using techniques from artificial intelligence, in particular natural language 
processing. Domain knowledge and reasoning capabilities have to be modelled. Agent models 
have been developed that allow separation between the beliefs, desires and intentions of an 
agent. Together with dialogue modelling techniques rudimentary natural language interaction 
with such agents is becoming possible. 

What role do gestures play in communication and why should we include them in an 
agent’s interaction capability? Categories of gestures have been distinguished. Well known is 
a distinction in consciously produced gestures (emblematic and propositional gestures) and 
the spontaneous, unplanned gestures (iconic, metaphoric, deictic and beat gestures). Gestures 
convey meanings and are primarily found in association with spoken language. Different 
views exist on the role of gestures in communication. Are they for the benefit of the gesturer 
or for the listener? In Kendon's view [3] gestures convey extra information about the internal 
mental processes of the speaker: “. . . an alternative manifestation of the process by which 
ideas are encoded into patterns of behavior which can be apprehended by others as reportive 
of ideas.” Observations show that natural gestures are related tot the information structure 
(e.g., the topic-focus distinction) and (therefore) the prosody of the spoken utterance. In addi-
tion they are related to the discourse structure and therefore also to the regulation of interac-
tion (the turn taking process) in a dialogue. Apart from these viewpoints on embodiment, we 
can also emphasize the possibility of an embodied agent to walk around, to point at objects in 
a visualized domain, to manipulate objects or to change a visualized (virtual) environment. In 
these cases the embodiment can provide a point of the focus for interaction. When we intro-

 
Figure 1. Examples of 2D and 3D embodied agents 



duce a guide in our virtual environments this is a main issue and more important than detailed 
facial expressions and much of the gestures discussed above. 
 
Emotional Behavior, Personality, Friendship 

 
Facial expressions and speech are the main modalities to express nonverbal emotion. Hu-

man beings do not express emotions using facial expressions and speech only. Generally they 
have their emotions displayed using a combination of modalities that interact with each other. 
We cannot consider one modality in isolation. Facial expressions are combined with speech. 
There are not only audio or visual stimuli, but also audio-visual stimuli when expressing 
emotions. A smile gesture will change voice quality, variations in speech intensity will 
change facial expression, etc. Attitude, mood and personality are other factors that make in-
terpretation and generation of emotional expressions even less straightforward. In addition we 
can have different intensities of emotion and the blending of different emotions in an emo-
tional expression. We should consider combinations and integration of speech, facial expres-
sions, gestures, postures and bodily actions (see [5]). It should be understood that these are 
displays and that they should follow from some emotional state that 
has been computed from sensory inputs of a human interactant, but 
also from an appraisal of the events that happen or have happened 
simultaneously or recently. A usual standpoint is that of appraisal 
theory, the evaluation of situations and categorizing arising 
affective states. It should be understood that what exactly is said 
and what exactly is done in a social and emotional setting is not part 
of the observations above. The importance of the meaning of words, 
phrases and sentences, uttered and to be interpreted in a specific 
context, is not to be diminished. In Figure 2 we display Cyberella, 
an embodied agent, developed at DFKI in Saarbrücken. This agent 
is working as a receptionist. For example, she can provide 
directions to the office of a staff member. However, since she has 
been provided with an affective model, she also reacts emotionally 
to a visitor’s utterances when appropriate [2]. 
One of the issues we investigated was how aspects of personal attract
opment [8] can be made part of the design of an embodied agent that
information service to a human partner. As a ‘lay psychologist’, we al
you like (or your friends) are able to help you better, teach you better,
fun to interact with, than people that you don’t like. However, ‘likin
Not everybody likes the same person, and one person is not like
observations sparked our interest in the application, effects, and desi
An agent that observes it’s user, and adapts it’s personality, ap
according to the (implicit) likes and dislikes of the user, in order to ‘b
user and create an affective interpersonal relationship. This agent migh
fits over a ‘normal’ embodied conversational agent in areas such as t
sistance and entertainment. 
There is extensive knowledge about human interpersonal relationship
ality and social psychology. Aspects of friendship that need to be con
are gender (e.g., activity-based men’s friendship vs. affectively-base
age, social class and ethnic background. Effects of friendship on inte
of altruistic behavior, a positive impact on task performance and an 
sure. Interpersonal attraction is an important factor in friendship. It 
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Figure 2: Cyberella,
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ality, ethnicity, social class, humor, etc., reinforces the friendship relationship. Other issues 
are physical attractiveness (the ‘halo effect’) and reciprocity of liking (whether we think that 
the other person likes us). In [8] we discussed the translation of the main aspects of human-
human friendship to human-ECA friendship and how we can incorporate this translation in 
the design process of an ECA, using a scenario-based design. One observation is that it is im-
portant to distinguish between the initial design of an ECA and the possibility to change the 
ECA characteristics according to an adaptation strategy based on knowledge obtained by in-
teracting with a particular user. 

 
Humor in Interpersonal Interaction 

 
In previous years researchers have discussed the potential role of humor in the interface. 

Humans use humor to ease communication problems and in a similar way humor can be used 
to solve communication problems that arise with human-computer interaction. For example, 
humor can help to make the imperfections of natural language interfaces more acceptable for 
the users and when humor is sparingly and carefully used it can make natural language 
interfaces much friendlier. During these years the potential role of embodied conversational 
agents was not at all clear, and no attention was paid to their possible role in the interface. In 
[6] we discussed the role of humor for ECA’s in the interface. 
Humans employ a wide range of humor in conversations. Humor support, or the reaction to 
humour, is an important aspect of personal interaction and the given support shows the under-
standing and appreciation of humor. There are many different support strategies. Which strat-
egy can be used in a certain situation is mainly determined by the context of the humorous 
event. The strategy can include smiles and laughter, the contribution of more humor, echoing 
the humour and offering sympathy. In order to give full humor support, humor has to be rec-
ognized, understood and appreciated. These factors determine our level of agreement on a 
humorous event and how we want to support the humor. 
Humor plays an important role in interpersonal interactions. From the many CASA experi-
ments we may extrapolate that humour will play a similar role in human-computer interac-
tions. This has been confirmed with some specially designed experiments. There is not yet 
much research going on into embodied agents that interpret or generate humour in the 
interface. In [6] we discuss how useful it can be, both from the point of view of humor 
research and from the point of view of embodied conversational agent research, to pay 
attention to the role of humor in the interaction between humans and the possibility to 
translate it to the interactions between humans and embodied conversational agents. Graphics, 
animation and speech synthesis technology make it possible to have embodied agents that can 
display smiles, laughs and other signs of appreciation of the interaction or explicitly presented 

or generated humor. There are many applications 
that can profit from being able to employ such 
embodied agents. The designer of the interface 
can decide when in certain scenarios of 
interaction agents should display such behaviour. 
However, much more in the line of research on 
autonomous (intelligent and emotional) agents we 
rather have an agent understand why the events 
that take place generate enjoyment by its 
conversational partner and why it should display 
enjoyment because of its appreciation of an hu-
morous situation. 

 

 
Figure 3: “You go UP the STAIRS.” 



MULTIMODALITY: INTERPRETATION AND GENERATION 
 
When discussing the role of embodied agents in 2D or 3D environments we have to deal 

with the (multimodal) integration of information coming from different sources and the gen-
eration of different actions given a multimedia presentation context. Depending on the mo-
dalities available in the system decisions on how to react on (combination of) inputs from a 
user can on the one hand concern issues like turntaking, reference resolution, topic shift, or 
asking a clarifying question, while on the other hand it may concern the choice of presentation 
modalities when providing information and drawing the attention of the user to certain infor-
mation. When a virtual guide is embodied, apart from the social relationship properties men-
tioned above that we would like to include in the guide’s behavior towards his or her ‘cus-
tomers’, we also want this guide to assist the user in exploring the environment and its objects 
by moving around, pointing at objects, guiding the user to objects and locations, support 
speech communication by nonverbal gestures, etc. It is, show behavior that we can recognize 
in a human guide. 

In conclusion, it is certainly not the case that at this moment we can come close to the 
modeling of a human museum or exhibition guide. However, current research allows to make 
comparisons and it also shows that a clever use of technology can make imperfect technology 
acceptable or even natural. Currently we are working on an embodied version of our naviga-
tion agent (see Figure 3, [9]). The main issue we have to deal with is the mutual interaction 
between pointing behavior of the agent while showing directions and the agent’s utterance 
generation during the interactions with the visitor. 
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