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1 Believable interactive embodied agents

Among the goals of research on autonomous agents one important aim is to build believable interactive
embodied agents that are apt to application to friendly interfaces in e-commerce, tourist and service
query systems, entertainment (e.g. synthetic actors) and education (pedagogical agents, agents for help
and instruction to the hearing impaired).

A believable agent is one able to show (even, maybe, to feel?) emotions and one which has a definite
personality. An interactive agent can take into account the particular user and the particular context
where the interaction takes place, and is able to make up its own model of the user and the context,
and interact with it by following the rules of face-to-face interaction, like turn-taking, back-channel
and so forth. An embodied agent must be able to interact with the user not only through written text,
but in all the modalities a human agent may use: through words, voice, gesture, gaze, facial expression,
body movements and body posture (sometimes, maybe, even through touch?). But it also must be able
to conceive, represent and convey all the possible meanings that natural language and multimodal
interaction may convey in humans.

The list of capacities required by a believable interactive embodied agent allows us to clear up the
steps to take in this field of research. Let us now first outline what these steps are in principle, and then
see what has already been done in this field. In order to assess the state of the art in actual research,
a workshop was organized within the Fifth International Conference on Autonomous Agents (Montreal,
Canada, 29 May 2001): “Multimodal Communication and Context in Embodied Agents”. As it will be
clear from an overview of the papers in the workshop, some of the above steps have already been taken
in recent work, while others have still to be taken.

2 Believable interactive embodied agents’ capacities

Let us first see what should be, in our view, the overall capacities that a Believable Interactive
Embodied Agent (BIEA) should be endowed with. Each of these capacities shows the agenda of
studies to be carried out in order to make such an agent. The first important issues to tackle are the
contents a BIEA should be able to manage in its interaction. These include:

(a) information on the specific domains the agent will be used for (a touristic agent should know
everything about hotels and museums, while a mathematical pedagogical agent should be an expert
on integrals);

(b) information on the agent’s mental states, which includes its possible emotions (he could tell you
he is happy to hear you), personality traits (she might tell you she is a jealous agent) but also
beliefs (warn you when she is not sure of what she is saying), intentions (inform you she will
explain something in more detail) and its social intentions (give you an order or advice, praise you
or criticise you);

(c) decision capacity as to whether to provide information or withhold it: humans sometimes do not
display their emotions, or they do not tell the truth, or they communicate things in an indirect or
covert way (through rhetorical figures such as euphemism, metaphor or irony);

The Knowledge Engineering Review, Vol. 17:2, 181–196. © 2002, Cambridge University Press
DOI: 10.1017/S0269888902000218 Printed in the United Kingdom



(d) decision capacity as to how to communicate information, provided that an agent has decided to
communicate it. A multimodal agent may do this in multiple ways: through speech and intonation,
facial expression and gaze, gesture, body movements and posture. So it has to master systems of
communication in all modalities and to manage the distribution of information across modalities,
deciding which is most appropriate for each context and how they can combine with each other;

(e) consideration of the conversational context. A skilled BIEA must take context into account, that
is, all the requirements above need to be fulfilled for each particular User and application: Is the
application directed to children, adults or computer scientists? Do we want a friendly agent or an
authoritative agent? Using too simple models of communicative behaviour might produce a poor
agent with which the user will rapidly feel bored. Again, some applications require caricature and
over-expressive behaviours, while others need very accurate and realistic behaviours.

3 Phases of research

Research aimed at constructing BIEAs must include three phases. First, a phase of empirical research
aimed at finding out the regularities in the mind and behaviour of human-like agents and at
constructing models of them. Second, a phase modelling believable interactive embodied agents,
where the rules found out are formalized, represented and implemented in the construction of
agents. Third, a phase of evaluation of the implemented agents, aimed at testing how they fit the user’s
needs and preferences and, especially in a simulative approach, how similar they look to a real human
agent. Each of these three phases of research must be carried out for all the topics above. Let us see
what has been done already and what should yet be done.

(a) Emotion. A lot of precious work has been done in the realm of emotions, not only from a
theoretical and empirical point of view, in the endless literature in the psychology of emotions
(Scherer, 1988; Tomkins, 1982; Ekman, 1982; Lazarus, 1991), but also in the field of emotion
simulation (Ortony et al., 1988; Elliott, 1992; Frijda & Swagerman, 1987; Picard, 1997; Paiva,
2000). Models of emotions have been proposed that can be implemented in emotional agents (Ball
& Breese, 2000; Martinho et al., 2000).

(b) Personality. Models of personality in computer simulation have mainly followed routes quite
different from the classical models in psychology (Freud, Jung). After the brilliant work by
Carbonell (Carbonell, 1980), more recent research has interestingly modelled and implemented
different possible personalities in artificial agents (Castelfranchi et al., 1997; Trappl & Petta, 1997)
and taught them to guess the user’s personality in user models research (Isbister & Nass,
forthcoming, Castelfranchi et al., 1998).

The topic of the decision as to whether to display information or not has been so far explored
especially in the emotion literature (Pennebaker, 1982; Rimé, 1987; Ekman, 1982) and somewhat
in the literature on deception and secrets (Bok, 1982; Castelfranchi & Poggi, 1998) and on indirect
speech acts. The issues addressed so far are mainly what are the effects of sharing emotions (Rimé,
1987; Pennebaker, 1982); the existence, in different cultures, of different “display rules” that
determine which emotions one should display or not in different situations; and the cues to
deception that unmask people’s face when they try to intensify, de-intensify or mask the expression
of emotions (Ekman, 1982). More recent work has tried to find out what are, besides Ekman’s
“display rules”, the factors that affect people’s decision to display their emotions or not. The effect
of these factors on the construction of multimodal agents, and the differences in how people
express their different attitudes to different interlocutors are the object of more recent research
(Carolis et al., 2001; Prendinger & ishizuka, 2001). The use of euphemism and of indirect
expression of affect-inducing contents is also shown in discourse generation systems (deRosis &
Grasso, 2000).

(c) Multimodal Communication. After the (aware or non-aware) decision to communicate some
content, the agent must plan how to communicate it and choose, first, the elements, in whatever
modality, that best convey this information, and then their possible combination: the agent in fact
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may communicate each single item of meaning either in one or another modality, or in more
modalities at the same time. So both the elements of the communication systems in all modalities
have to be studied, and the way these elements may be produced simultaneously or in sequence.
Research on what is presently called multimodality heavily leans on much of the research on so-
called non-verbal communication. In this field, work has been done both on single modalities and
on the relationship between the different modalities. Milestones that are quoted recurrently in all
papers, both in the simulation era and before, include for example the names of Kendon and
McNeill for gestures (Kendon, 1980; McNeill, 1992); Ekman and Friesen (Ekman, 1982); Chovil
(1991) and Fridlund (1994) for facial expression, Argyle and Cook (1976) and Beattie (1981) for
gaze, Scheflen (1973) and Mehrabian (1969) for body posture, Hall (1966) for proxemic
behaviour. About the synchronization of different modalities, especially word and gesture,
important works are those by Kendon (1993); Duncan (1974); Rimé and Schiaratura (1991);
Knapp (1972), Condon and Ogston (1967); Poggi and Magno Caldognetto (1997). More recent
work is being done to analyse specific multimodal behaviour in view of creating autonomous
multimodal agents. Some good examples of this kind are the works by Cassell (2000; Cassell et
al., 1999); Lester (2000); André and Rist (2000). But more work has to be done yet; in the next
section we outline what in our view should be the goals of research to be reached in order to
construct an interactive multimodal embodied agent.

4 Multimodality in humans

To state the research steps needed to reach a model of multimodal communication, we can see the
human body as composed of various parts, each of which bears its specific communicative repertoire.
In fact, a human-like agent uses several communication systems, residing in different body organs. The
head produces head movements; the eye region (eyebrows, eyelids, eyes) produces gaze; the mouth,
words and prosody (acoustically) and visemes, smiles, grimaces (visually); shoulders, arms and hands
produce gestures, trunk and legs postures, movements, orientations and proxemic signals. All these
signals may be produced at once in multimodal communication. Therefore, two things are worth
studying in order to produce multimodal agents:

1. the structure of each communication system by itself; that is, it is necessary to provide descriptions
of the different mode-specific languages of the body;

2. the rules stating how the agent chooses to convey meanings via one or the other modality, and how
signals in different modalities synchronize or anticipate each other.

4.1 Mode-specific languages

Let us start with the first issue. In our hypothesis, each system of signals makes up a “mode-specific
communication system”, that is, a set of rules to link signals to meanings. The links between signals
and meanings may be either “codified” or “creative” (Magno-Caldognetto & Poggi, 1995; Poggi &
Magno-Caldognetto, 1997). In the former the signal–meaning link is coded in memory (for example
in words or symbolic gestures) on a biological or cultural basis (say, both the biologically determined
gesture of shaking fists up and the “Churchill” gesture for victory mean happiness for an achievement),
and a whole set of these links makes a “lexicon”. In the latter, what is coded in memory is only a small
set of inference rules about how to create a new signal starting from a given meaning, or about how
to retrieve a meaning from a given signal (like in mime or in the creation of new words in natural
languages).

A first task to accomplish in order to make artificial agents that really communicate multimodally
is, then, to find out the rules that link signals to meanings. For “creative” communication systems one

Multimodal embodied agents 183



has to find out the inference rules that state how new signals may be created by a speaker and
understood by an addressee. Some studies accomplishing this task are, for example, McNeill (1992);
Magno Caldognetto and Poggi (1995); Sowa and Wachsmuth (2001); Yan (2000); Cassell (to appear).

According to our hypothesis, though, many of the systems of communication above are of a lexical
kind: not only words or symbolic gestures, as it is generally accepted, but also other kinds of gestures
(say, beats or affect displays) and even gaze, facial expression, posture shifts, have each a precise
meaning that is coded in the speakers’ memory: in our opinion, it is only thanks to this that we can
understand each other. In fact, each signal in each modality can be attributed some meaning, and this
meaning can be restated in a verbal language. For instance, the gesture of shaking fists up means “I
am exulting”; a beat, “this is the comment of my sentence”; a frown may mean either “I am worried”
or “I am angry at you”; a posture shift means something like “I am shifting to another topic”, and so
forth. To the objection that non-verbal signals are the domain of homonymy, polysemy and vagueness,
one could object that also for apparently very different meanings of the same signal a common core
meaning can be found in all its occurrences, as has been shown by (Kendon, 1995; Poggi, 2001; Poggi
and Pelachaud, 2000).

For “codified” systems, that is, “lexicons”, the task is then to compile lexicons of the systems in all
modalities. Some examples in this field are the dictionaries of sign languages and, more recently, the
flourishing of dictionaries of symbolic gestures for many different cultures (Morris, 1977) all over the
world: Morris et al. (1979) for the Mediterranean area; Tumarkin (2001) for Japanese gestures;
Kreidlin (2001) for the Russian; Payratò (1993) for the Catalan; Posner and Serenari (2001) for Berlin
gestures; Poggi (2001) for the Italian.

But we can write down lexicons for other systems also; Ekman and Friesen’s FACS (1978), for
instance, can be considered a lexicon of the face; a sketch of a lexicon of gaze is Poggi, Pezzato and
Pelachaud (1999); and also lexicons of very specific systems may be written, like the fragment of
lexicon of “performative faces” by Poggi and Pelachaud (1998), the lexicon of the orchestra
conductor’s gestures (Boyes-Braem & Braem, 1999) and face (Poggi & Mastropasqua, 1999), the
lexicon of deictic gestures and gaze (Johnson et al., 2000).

A lexicon usually also includes an “alphabet”, that is, a set of sub-lexical components, the rules of
production of signals that, variously combined simultaneously or in sequence, form all the possible
signals of the lexicon.

A task somehow included in the construction of lexicons is, then, the discovery of “alphabets” of
non-verbal systems. In this view, important examples are Laban’s notation (Laban & Lawrence, 1974)
and Birdwhistell’s (1952) system. One seminal work is Stokoe (1978), who proposed the notion of
“formational parameters” of signs in sign languages of the deaf. He found out that each sign is
produced by a particular handshape, a movement, a location, to which orientation was then added.
Formational parameters have since then been discovered in different gestural systems of the Hearings
Impaired: Calbris (1990) found them for French gestures, Kendon (1988b) for the Australian
Aboriginal sign language, Sparhawk (1978) for Persian gestures, Romagna (1999) for Italian gestures,
Ekman et al. (1969; Johnson et al., 1975) for American gestures. Another system for coding and
annotating non-verbal items is MPEG-4 notation (Doenges et al., 1997).

More recently, the notion of formational parameters has been applied to gaze (Poggi et al., 1999),
by singling out the parameters and values that pertinently describe each item of gaze: eye direction, eye
opening, humidity, eyebrow movements and so on. Finally, formational parameters were found also to
describe the communicative gestures of touch (Poggi et al., in preparation).

4.2 Signal synchronization

The other important issue to study before constructing multimodal agents is to assess how the signals
coming from the communication systems of the different modalities mix up in real interaction. Just
thanks to the fact that we are endowed with communication systems in different modalities, we can use
multiple signals at the same time: we may in the same instant utter a word, move our trunk towards
our interlocutor, look at him and while raising our eyebrows, and open and drop hands. What
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determines which signals we will perform at each moment of our discourse? How do we choose to
communicate some content through words or other signals, or through both?

Various scholars have dealt with the relationship between speech and other modalities; see Kendon
(1988a, 1995, 1997a, b); Freedman (Freedman & Grand, 1977); Rimé & Schiaratura (1991); McNeill
(1992); Ekman (1979).

Some factors affecting the choice and synchronization of signals are: the presence or absence in the
different modalities of a signal apt to convey the intended meaning, the likeliness of occurrence of that
signal as opposed to others or the appropriateness of a specific signal in the particular context at
hand.

4.3 How to study mode-specific languages and multimodal synchronization

Both the task of constructing lexicons of mode-specific languages and the task of studying choice and
synchronization rules require a wide use of annotation systems and tools to analyse real videotaped
data. Some useful tools to transcribe real data are Media Tagger (Max Planck Institute for
Psychologistics); Com-Trans (Ingenhoff & Schmitz, 2001); Poggi and Magno Caldognetto (1996);
some new ones are presented in this Workshop (Martin et al., Kipp, see below). These tools are useful
because they allow studying the precise timing of signals against each other, thus providing relevant
information about the planning and distribution of multimodal signals.

5 A workshop on multimodal embodied agents

Let us see how the papers in the Workshop on “Multimodal communication and context in embodied
agents” fill in the slots of the research outlined above.

Some of them represent research at all the steps outlined above, thus covering the whole route from
the theoretical and empirical study of personality and emotions, and the discovery of specific mode
languages, to the implementation of existing systems.

Others focus more on empirical research directly applied to the construction of agents, on the
annotation of empirical data or on the evaluation of existing agents. All contributions, though, even
when focusing on a particular aspect, are pertinent to the implementation of systems.

The contents of the present Workshop follow the topics outlined above. Many of the papers tackle
more than one of these topics, because they present a complete system architecture. Yet, we have
decided to cluster the papers based on the workshop topics.

5.1 Basic research and annotation on communicative behaviour

As for the basic research needed to create a multimodal communicative repertoire to implement in an
agent, the paper by Cassell et al. is a good representative of basic empirical research specifically
devoted to the simulation of particular multimodal behaviours. Kipp and Martin et al. present coding
schemes for annotating gestures, designing tools for coding, viewing and analysing multimodal
interactions, while Cassell et al. and Pelachaud and Poggi present two ways of finding out multi-
modal repertoires.

5.1.1 Jean-Claude Martin, Sarah Grimard, and Katerina Alexandri, “On the annotation of
multimodal behavior and computation of cooperation between modalities”
In particular, Martin et al. propose a standardised coding scheme to encode multimodal corpora
producing XML descriptions. The work of Martin et al. is embedded in the TYCOON theoretical
framework, which allows one to observe, modify and define the cooperation type between modalities
during multimodal human-machine interactions: for each multimodal session, the coding scheme
annotates speech, gesture, synchrony and the state of the graphics modality. Starting from an example
of a multimodal session, the authors explain their coding scheme and the several steps involved in a
coding session. Moreover, once a session has been annotated it can be analysed using several
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measurement metrics, which compute statistical information on the number of referenceable objects in
each modality, on the number of multimodal references and so on. An important feature of TYCOON
is the notion of salience of a referenceable object in a given modality, a parameter that defines how a
given object is explicitly referred to in a given modality. Statistics of the salience of references to an
object across different modalities and statistics of the salience of references in a modality across all
objects can also be computed. This approach allows the exchange of annotated documents in an easy
way, which responds to today’s requirements.

5.1.2 Michael Kipp, “From human gesture to synthetic action”
Among the papers focusing on the annotation of communicative behaviour, Kipp illustrates AnViL
(Annotation of Video and Language), a tool for annotation of gesture and posture. In this tool, three
hierarchical levels of organization are distinguished for gesture annotation: gesture-phase, gesture-
phrase and gesture-group. Based on the previous literature, gestures are classified into 5 categories
(emblems, adaptors, deictics, illustrators and beats), each described as for different categories (name,
form, function, concomitant speech, verbalisation, other gestures one can be confused with). Within
posture two positions are distinguished (upright and relaxed) and four kinds of movement (legs-cross,
legs-uncross, upper body and whole body). The AnViL tool, which is also provided with bookmarks,
an online coding manual, view options and file import for speech transcription and rhetorical structure
classification, is applied to the analysis of the German TV show Literary Quartet, where four persons
present newly published books. Gestures and postures are annotated and synchronisation is assessed
to the syntactic structure of concomitant speech. The analysis shows a high inter-judge reliability of
the annotation and provides interesting information on the occurrence of gestures in different subjects,
their typological distribution in different categories and their idiosyncratic combinations. A repertoire
of 20 gestures resulting from this research is then implemented in “Book Jam”, a book-sales scenario
with a book-selling agent presenting books to two buyers, where gestures and posture are generated
in the different nodes or leaves of the communicative plan.

5.1.3 Justine Cassell, Yukiko I. Nakano, Thimothy W. Bickmore, Candace L. Sidner and Charles
Rich, “Annotating and generating posture from discourse structure in embodied conversational
agents”
A detailed case of empirical research aimed at agent implementation is Cassell et al. Here, the
communicative import of posture shifts is studied thoroughly by substantive empirical research, and
then implemented in the Real Estate Agent (REA). In order to assess occurrence and function of
posture shifts, monologues and dialogues were videotaped where subjects respectively describe rooms
or give directions to their house, or discuss a possible common task. In the transcripts, segment
boundaries and turn boundaries were coded, as were posture shift start and end points, and estimated
energy. Results show that posture shifts occur more frequently at turn boundaries than within turns,
much more frequently at discourse boundaries than within discourse, and are both more frequent and
more energetic in monologues than in dialogues. Curiously enough, listeners also perform many more
posture shifts when the speaker changes the topic than when he does not. The results of the research
are then applied to implement posture shifts in REA, an embodied conversational agent that interacts
with users: it takes input from a microphone and two cameras, and its user model interprets this
multimodal input and sends the resulting semantic representation to a Dialogue Manager, Collagen,
which updates a model of the discourse state (focus attention, interaction history, agenda of next
possible actions). On this basis, the REA agent plans when to perform posture shifts – for example,
during a topic change REA will shift posture in 26% of cases; only 8% of cases when the topic is the
same. Cassell et al. provide a good example of how collecting, analysing and exploiting empirical data
from human-human interaction with regard to verbal/non-verbal inter-dependencies (timing, co-
occurrence, context) can best lead to the implementation of realistic embodied agents.

5.1.4 Catherine Pelachaud and Isabella Poggi, “Multimodal believable agent”
On the other side, Pelachaud and Poggi, arguing for the necessity of writing down the modes of the
specific lexicons, propose to start from a deductive taxonomy of meanings: guess what are in principle
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all the possible kinds of information an agent may need to provide to other agents for its adaptive goals,
and then see how they are conveyed in the different modalities. They distinguish three classes of
information: on the world, on the speaker’s identity and on the speaker’s mind. Information on the
world concerns the concrete or abstract events a speaker communicates about, their actors and objects
and time and space relations among them, and it is provided mainly through words and syntactic
structure, but also by deictic, iconic and symbolic gestures, and even by gaze, voice or head or body
movements, for instance in pointing at things or persons by eye or chin direction, in squeezing eyes
to mean “small” or “difficult”, lengthening a vowel to mean “long”, in referring to somebody by
imitating his movements. Information on the speaker’s identity (sex, age, socio-cultural roots,
personality) is provided through physiognomic traits, acoustic parameters of voice, and posture.
Information on the speaker’s mind concerns the speakers beliefs, goals and emotions. Information on
the speaker’s beliefs include the degree of certainty of the beliefs being mentioned (frowning to mean
“I am serious in stating this”, opening hands to mean “this is self-evident”) and the source of the beliefs
mentioned (memory, inference, communication), communicated by looking up when making
inferences or snapping fingers while trying to remember. The goals the speaker mentions are the
performative of his sentence, conveyed by performative verbs, intonation or performative facial
expression, topic/comment distinction, conveyed by batons, eyebrow raising, intensity or pitch of tonic
vowel; discourse rhetorical relations (counting on fingers, or repeating the same intonational contour
in listing; posture shift to convey topic shift); turn-taking and back-channelling (raising hand or gaze
for asking turn; nodding for providing back-channel). Information about the speaker’s emotions is
conveyed by affective words and gestures, intonation, facial expression, gaze and posture. Pelachaud
and Poggi argue that starting from this deductive semantic taxonomy is a useful way to start building
“mode-specific” lexicons that embodied agents may be endowed with.

5.2 From believability to expression

The papers by Allbeck and Badler, by Marsella, Gratch and Rickel, by Traum and Rickel, and by
Heylen and Nijholt are interesting examples of how one can set up a dialogue model and cognitive
model of the agent to make it more believable.

5.2.1 Jan M. Allbeck and Norman I. Badler, “Consistent communication with control”
The topic of what are the requirements to make an agent believable is tackled by Allbeck and Badler,
who illustrate the multiple variables entering in the communication process. They set up the
background to derive consistent behaviour from a cognitive model of the agent. After defining
“believability” as meaning “accepting as real”, the authors introduce the notion of consistency in an
agent’s behaviour. They describe its different aspects: on the one hand the agent’s behaviour should
respect what we would expect from its human counterpart; on the other hand the agent should behave
as an individual in particular. Moreover, the authors are precise that their goal is to derive this
consistent behaviour from cognitive models of the agent’s mind. To this effect they propose a
parametrized agent model that would act with consistent behaviours. The first step of such an
elaboration is to look at the effect cognitive processes have over the display of verbal and non-verbal
signals, that is, how our age and status or even our gender affect our behaviour. They report on how
gaze pattern or interpersonal distance, for example, are very culturally dependent; the social role one
desires to pursue often orients us towards a given acting role that is learned and well defined: we expect
a doctor to look neat and to talk in a precise manner; but we will not expect the same thing from a
mechanic. Not respecting these rules violates our expectations and may put us in a state of alarm. Our
emotion, mood and personality are also very important factors that affect our behaviour. Moreover, the
context, defined in this paper as everything that we can perceive (object, people, events of a situation),
is extremely important in shaping our expectations of how one should behave in a particular situation.
But context is very difficult to represent as it requires us to consider all events, actions and so on but
also to establish what are their effects over our feeling and our memory. Once we have established the
various cognitive processes that intervene in the determination of verbal and non-verbal behaviour of
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an agent a major problem arises: how these processes interact with each other, how they influence one
another. An agent, to appear believable and consistent, must respect the same expectation we would
have from a human; moreover it should be consistent throughout the different facets of what makes an
individual.

5.2.2 Stacy Marsella, Jonathan Gratch and Jeff Rickel, “The effect of affect: modeling the impact of
emotional state on the behavior of interactive virtual humans”
The papers by Traum and Rickel and by Marsella, Gratch and Rickel cover the whole route from the
spring of an emotion to the way it is expressed and influences action. They present a virtual world for
the training of army members on peace-keeping missions. A realistic scenario is shown where soldiers
and other people have to make important decisions, and some characters influence others also by
expressing emotions. Three previous systems are integrated to reach this goal: Steve, a system where
virtual humans in 3D simulated worlds interact with humans as mentors and teammates; Emile,
focused on emotional appraisal, that is, on the way events in the environment clash with agents’ plans
and goals; IPD, that models the impact of emotional states on physical behaviour. All of these
capabilities are applied to a scenario in which a troop of soldiers in Bosnia injure a boy in an accident
and the boy’s mother asks them not to leave her there but to help her son. The mother and soldiers are
Steve agents, with sophisticated inference capacity, but also with the emotional appraisal capacities of
Emile, as well as the expressive skills of IPD. At the same time, methods for representing and updating
the discourse state and social obligations arising from discourse are incorporated in the system, thus
providing a very sophisticated and complete system. As for the expressive side of the system, the
authors aim at creating a rich, emotionally consistent body: it is not plausible, for example, that an
emotionally depressed character, quite inattentive, also averting gaze, hugging himself, suddenly starts
using energetic beats. To confront this problem, Marsella et al. propose the Physical Focus Model,
inspired by Freedman (1972) and Lazarus (1991), which distinguishes: (i) body focus mode,
characterised by self-focused attention and self-touching gestures, inhibited verbal behaviour and
pauses, typical of depression and guilt; (ii) transitional focus mode, characterised by a closer relation
to the listener, hand-to-hand or hand-to-object gestures; (iii) communicative focus mode, using the full
range of communicative gestures, often exaggerated, with more attentiveness and responsiveness to the
environment. The character shifts from one mode to another based on its current emotional state: the
more sad or guilty, the more it shifts to body focus.

5.2.3 David Traum and Jeff Rickel, “Embodied agents for multi-party dailogue in immersive virtual
worlds”
Within the same complex project, whose general frame and the aspects above are shown in detail by
Marsella et al., Traum and Rickel more specifically focus on the communicative aspects of
conversation, by considering them as fields in a database: who is talking and by what media, what
information is added to the common ground, what are the social commitments (prescribed and
forbidden actions) holding among participants, and how they come to agree on them. Each of these
fields is modelled in detail, and the various ways to fill them in are outlined. Traum and Rickel’s
dialogue model is able to simulate dialogue between two or more participants. For each discussion
among agents the authors propose several conversation types, such as initiating a speaking turn,
negotiating about something with other agent(s) or even getting the attention of other(s). Flashes of a
sort of verbal and non-verbal lexicon are provided: for the action request-turn, you can open your
mouth, raise one hand, or avoid the speaker’s gaze at phrase boundaries; for assign-turn you can use
a vocative or gaze at the interlocutor.

5.2.4 Dirk Heylen and Anton Nijholt, “Designing and implementing embodied agents: learning
from experience”
Heylen and Nijholt draw conclusions from their experience in the creation of several embodied agents
and propose some technical considerations to follow when creating embodied agent systems. Their
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group of researchers have built a virtual environment (web-based 3D VRML world) inhabited by
several “intelligent” agents that can converse face to face among themselves. Many of the projects
developed by the research group take part of the educational program. That means they have to deal
with students that need to learn the system architecture in a short time in order to embed their project
in the 3D world easily. After setting the problem of their research group, Heylen and Nijholt illustrate
some of the problems they are facing by presenting some projects. The first one is Karin. Karin is a
simple 3D cartoon-type face that is embedded in a natural language information system (SCHISMA).
This dialogue system is able to inform users about theatre performances and make reservations. Karin
is able to dialogue with a user using TTS as speech output and by specifying codes for non-verbal
behaviour. The 3D model of Karin has been created within 3D Studio as has a set of facial expressions.
A major emphasis of this project was to respect the real-time constraint for the dialogue to be as natural
as possible. The second project described in the paper is Gina, a part of a software engineering
assignment where a group of 4 to 5 students has to work together in a 10-week project. Gina is a very
modular system, with 4 main components: GinaFace, GinaMuscleController, GinaTTs and GinaChat.
The muscle controller engine, GinaMuscleController, maps tags specifying for non-verbal behaviours
into facial parameters; the graphics engine, GinaFace, then generates the appropriate animation, and
the tags are provided by GinaChat. GinaTTS maps the text output into synthesized speech but it also
computes the appropriate visemes that are passed to GinaFace. From this project, the authors draw the
conclusion that to ensure a better synchronization between modules it is better to be system-dependent.
Using existing standards allows for a better portability of the system and its reuse in other projects.
Moreover, for web-based applications, in order to respect as much as possible the real-time of an
application, it is better to keep software requirements on the client side at a minimum.

5.3 Social relationship

The social relationship between agent and user is taken into account by Guerrin et al. and by
Prendinger and Ishizuka; a topic which is relevant in determining how to assess, interpret and affect
responsiveness to the context in which the interaction takes place. Traum and Rickel’s dialog model
is able to simulate dialog party between two or more participants. For each discussion among Agents
the authors propose several conversation types, such as initiating a speaking turn, negotiating about
something with other Agent(s), or even getting the attention of other(s).

5.3.1 Frank Guerrin, Kaveh Kamyab, Yasmine Arafa and Ebrahim Mamdani, “Conversational sales
assistants”
The work presented by Guerrin at the workshop is part of a larger project, SoNG (PortalS of Next
Generation), which foresees the use of 3D virtual places populated with believable embodied agents.
As a step towards such portals, Guerrin and his colleagues describe a system where an agent, a
shopkeeper, is able to interact with a user, to take the initiative by presenting the user with objects from
its virtual shop or, for example, by pointing at objects in its shop. An interesting aspect in their system
is the modelling of the context awareness which gives the 3D agent the capacity to draw inferences
about the user’s preferences and to build up a user model. This capacity allows him not only to adapt
his behaviour to each user’s preferences but also to foresee the user’s need. In the notion of context
awareness the authors have also embedded the notion of social role: an agent is conscious of his social
role (for example of being a shopkeeper) and would behave as his social role shapes him to do. Their
system works as follows: the user may type plain text or may select pre-defined gestures for their
avatar; the shopkeeper agent has to interpret these verbal and non-verbal behaviours by also by
considering contextual information such as the domain of the conversation or the relation between the
current communicative and previous ones. Having interpreted the user query the agent plans his
communicative acts, and verbal and non-verbal communicative acts are synchronized through a CML
(Character Mark-up Language) script which is then rendered to produce MPEG-4 animation
parameters to animate the agent’s face and body.
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5.3.2 Helmut Prendinger and Mitsuru Ishizuka, “Communicative behavior of socially situated
agents”
Another paper that takes social role into account is by Prendinger and Ishizuka, who, in modelling
affective communication, argue for the distinction between the emotional state, which is the result of
reasoning about the events and the agent’s goals, standards and attitudes, and the emotion expression,
the result of reasoning on the agent’s emotional state while also taking into account the agent’s
personality or mood and the social context. If someone crashes your computer, you might get angry
and tend to express you anger; but what if it was your boss who did it? Will you express your anger
anyway? To model the emotional state Prendinger and Ishikuza propose an affective reasoner based on
Ortony (1988) and Elliott (1992), while modelling in addition the intensity of the emotion through
logarithmic combination. To deal with the emotion expression, they propose a filter program that takes
into account personality and conventional practices. As to the former, the program attributes to the
modelled agent a numerical quantification of personality dimensions, like extroversion or agreeable-
ness; for the latter, it takes into account behavioural constraints associated with the agent’s social role
(responsibilities, rights, duties, prohibitions and possibilities) and communicative conventions. They
claim, first, that emotional expression is based on the agent’s social awareness, which encompasses
consideration of possible roles, ordered according to a power scale that attributes a rank to each agent,
the social network the agent is in and the social distance between agents. Second, communicative
conventions hold according to which communicating negative emotions may introduce disharmony in
the interaction by threatening the other agent’s public face. Therefore, before expressing emotions,
based on its own social awareness of the values of social power and social distance, the agent computes
the threat this expression could cause to the other agent, and if the computed value is high it is likely
to suppress the emotion expression. Filter rules are presented that combine the computed threat with
the agent’s personality and give as a result the likeliness with which it will express its emotion. The
authors also consider social dynamics factors, that is, the fact that interaction may change over time
due to i) reciprocal feedback loop, where an agent’s use of a polite style may lead the interactant to
do the same, and to ii) social feedback, whereby social distance and power relations may change with
recurrent interaction.

5.4 Emotion and context evaluation

Another aspect towards the creation of a believable agent is the relevant issue of emotion, its modelling
and its communicative output, which is exploited in Silva et al. Consideration of the context when
computing appropriate behaviour is presented in the paper by Huang et al.

Marsella et al. propose an approach where emotion appraisal, influence of the emotion on the
Agent’s verbal and nonverbal behaviour, and the communicative intention of the agent are
encompassed in a single and complex model. Another approach taken by Silva et al. is to script the text
a storyteller is saying with emotion tags and other communicative tags.

5.4.1 André Silva, Marco Vala and Ana Paiva, “The Storyteller: building a synthetic character that
tells stories”
The Storyteller is a first approach towards a more ambitious project: the creation of a believable
storyteller able to express emotions as he develops the story, where emotions should affect the verbal
and non-verbal behaviour of the storyteller. At present, the authors have built a simple storyteller
whose behaviour is scripted using control tags. Several kinds of tags are available: one tag is used to
define the virtual world where the storyteller is; other tags define the type of illumination of the virtual
world, day or night lighting, that allows the user to create different atmospheres. Several sets of tags
have been designed to shape the character of the storyteller, among which one represents his emotional
state as a discrete value (e.g. happiness, surprise). Emotion affects not only the facial expressions of
the agent but also his voice: the Storyteller system uses text-to-speech technology, whose voice
parameters correspond to the TTS set of vocal parameters and pauses and text punctuations are also
explicitly defined. The last two sets of tags represent facial expressions of emotion and gesture. The
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value of each tag may be changed dynamically as the story is being developed. The conclusion of the
authors is that current TTS technology does not allow complete flexibility to model affective speech:
a more complex graphics engine is needed to combine gestures and have a better synchronisation
scheme between lip movement and speech; but all in all the architecture and module design reached
the intended purpose.

5.4.2 Zhisheng Huang, Anton Eliëns and Cees Visser, “The programmability of intelligent agent
avatars”
Huang et al. propose a cognitive model of a soccer player based on an evaluation of the context of the
match, where the player is able to compute its next move. The authors first propose a taxonomy of web
agents, dividing them into 2D versus 3D, client versus server, singularity versus multiplicity. The
authors concentrate then on 3D web agents. These agents are able to interface with 3D virtual worlds
built using VRML. Several primitives have been implemented that enable the system to get information
on the virtual world. These primitives act as sensors and effectors. Some examples are: getPosition of
a given object, Load a given URL. In order to build intelligent web agents the authors developed
distributed logic programming (DLP) that combines logic programming, object-oriented programming
and parallelism. To test DLP the authors developed a benchmark example: soccer playing. An
intelligent soccer avatar has the following properties: it cooperates with the other avatars; it has a
cognitive model of the soccer game; and it knows the physics of the soccer ball. There exist two types
of soccer player avatars: soccer player and soccer player user. The first is controlled by a software
agent while the last is manipulated by a user. For each avatar type, different roles are available:
goalkeeper, defender and so on. Each agent knows the rules of the soccer games, and it also knows
some critical distances: e.g. goal distance, defined as the distance between an avatar and the goal. The
application has been developed using multi-threads and therefore is able to control multiple players;
therefore this application has shown that DLP and the use of multi-threads enable the creation of
distributed intelligent agent avatars.

5.5 Computational model of facial expressions

Once one has represented an emotion model and a complex dialogue planner, one needs to address the
problem of computing the behaviour (facial expression, gaze and gesture type, body movement) the
agent should display.

5.5.1 Zsófia Ruttkay and Han Noot, “FESINC: Facial Expression Sculpturing with INterval
Constraints”
Most of today’s applications are based on a simplistic approach of display computation producing
unnatural animations: expressions are defined symmetrically, no dynamism of the expression is
included, all the behaviours computed by the system are linearly combined and so on. To avoid such
an approach, Ruttkay and Noot have developed a constraint system that allows expressions to appear,
remain on the face and disappear in a non-systematic way, but nevertheless always within pre-defined
limits: for example, simultaneous expressions may differ, in their degree of symmetry, on their onset
time, thus creating a more natural animation. The authors characterise each expression by 3 parameters
– application, release and relaxation – which correspond to the display life of an expression; these
parameters can be viewed as intervals between time values (start of application, start of release and so
on). The authors use piece-wise linear interpolation between these time values that may be considered
as control points of a curve; then, constraints may be defined on any parameters. Examples are the time
range, time duration and relative time duration of a parameter; but also the value range, value change
and relative parameter change speed. Such constraints may be specified interactively by the user when
building up the animation. The resolution of multiple constraints is obtained by interval propagation
that updates the domain values of the control points. This method has been extensively tested on 2D
characters. The authors propose that each reader builds her own smile to test the program.
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5.5.2 Aldo Paradiso and Marcello L’Abbate, “A model for the generation and combination of
emotional expressions”
The work presented by Paradiso and L’Abbate is part of the European project COGITO which aims
at improving consumer-supplier relationships for e-commerce. The authors employ a chatterbot called
eBrain and expand it with a 3D expressive agent, an automatic expression generator and machine-
learning techniques. During a dialogue session between a user and the agent, keywords from the user’s
typed sentences are mapped to emotions and to comments (occurring on emphasised words). The
context, defined in their paper as the topic of a discourse, is represented as a set of rules that controls
how the user’s input is coherent with the dialogue going on. Coherence is then mapped to facial
expression (e.g. facial expression of doubt may signal low coherence between successive dialogue
acts). The type of user is also a parameter to control the behaviour of the agent in the chatterbot. The
authors go on by deriving a computational model to combine facial expressions: using the Facial
Animation Parameters (FAPs) defined by MPEG-4, they define a set of operators to combine FAPs and
an algebraic model to create and control an animation. Through their operators, facial expressions may
overlap with each other on the whole face or on a given region. Several computation formulae are
proposed by the authors.

5.6 Evaluation

Finally, the problem of how to evaluate multimodal interaction with an embodied agent has to be
faced.

5.6.1 Helen McBreen, James Anderson and Mervyn Jack, “Evaluating 3D embodied conversational
agents in contrasting VRML retail applications”
McBreen et al. designed an empirical setting to evaluate the impact of different types of agents (male
versus female, casual versus formal dressing), in several applications (a cinema box-office, a bank and
a travel agency). The agents have been created using existing 3D software and were placed into a
virtual environment. The agent’s body follows H-Anim specification and by altering joint values it was
possible to create four types of gesture for each agent, namely nodding, waving, shrugging and typing.
In the experiment setting a user would engage in a real-time face-to-face conversation with one of the
agents. The authors made five predictions before the experiments: (1) the users would accept as
plausible the agent in the role of assistant in retail spaces; (2) users would enjoy interacting with the
agent in any of the three applications; (3) the stereotyped appearance of the agent would play a role
only in given applications; (4) there would be no difference when varying the gender of the agent in
the users’ responses; (5) the user would perceive the agent’s personality as invariant over the different
applications. The authors were precise that the first four predictions were supported by the results of
their experiment, but even though all the agents were perceived as having similar personalities in all
three retail applications, the trustworthiness of the agents differed between the applications. The
authors end their paper by addressing the delicate problem of trust: does the user trust the agent, is the
user ready to let the agent make some decisions and perform some transactions on their behalf?

5.6.2 Melanie Baljko, “The evaluation of microplanning and surface realization in the generation
of multimodal acts of communication”
Another paper focused on the evaluation of embodied agents is Baljko’s. A communicative plan, that
is, a complex illocutionary act, can be accomplished through many possible different locutionary acts.
Therefore, a task in constructing agents that communicate multimodally is to state how, given a
particular communicative plan, a surface realization is derived for it; this is what Baljko calls MP&SR
– “Micro-Planning and Surface Realisation” (what we mentionned as the issue of multimodal signals
synchronisation): a planning that will be different for NLG and for a multimodal agent. Baljko presents
research for the evaluation of MP&SR in a particular domain: the modelling of human-human
communication in a context where an interlocutor has an expressive communication disorder, no
functional speech or writing and uses an Augmentative-Alternative Communication (AAC) device for
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the generation of synthesized speech. Arguing that the criteria of evaluation generally used for NLG
are not sufficient for an MP&SR module of a multimodal agent, Baljko discusses possible specific
criteria for evaluating specific tools in this domain: resemblance to human behaviour, consistency
across modalities and consideration of intermodal interactions and adaptation to the context. Moreover,
evaluation may compare different interfaces, some with embodied conversational agents and some not,
or just compare different embodied conversational agents interfaces. She presents a study aimed at the
evaluation of the MP&SR in a communicatively impaired agent. A set of videotaped interviews in a
job application scenario were coded as for eye gaze, gesture and speech: in one condition the AAC
device was a communication board, in the other a voice-output communication aid. Coding was refined
through inter-judge discussion. In future research the refined coding method should be applied to a
multimodal version of the classical Referential task, where a subject has to describe an object to an
interlocutor. In conclusion, evaluation of MP&SR in a speech-impaired domain should assess whether
the allocation of information through different modalities is the same in a virtual impaired agent as in
an impaired human, and if the capacity for surface realization may evolve in the virtual agent in the
same way it does in the human, for instance by adapting to the specific interlocutor and context and
hence by exhibiting varying degrees of multimodality.

Baljko designs an iterative process where evaluation is performed and its findings gives rise to the
refinement of the Agent model; as iterations grow it will offer to the system a mean to compute more
coordinated and communicative behaviours for a more Believable Agent.

6 Conclusion

The aim of the workshop was to establish the various steps that are needed to build a believable
interactive embodied agent. From the papers presented at this workshop we can summarise that
research aimed at creating BIEAs must include three phases. First, a phase of empirical research aimed
at finding out the regularities in the mind and behaviour of human-like agents and at constructing
models of them. Second, a phase of modelling believable interactive embodied agents, where the rules
found out are formalised, represented and implemented in the construction of agents. Third, a phase
of evaluation of the implemented agents, aimed at testing how they fit the user’s needs and preferences
and, especially in a simulative approach, how similar they look to a real human agent. The papers
presented in this workshop cover most of these steps. Their themes range from the elaboration of
empirical research and annotation tools to the elaboration of emotion models and dialogue managers.
Papers showed the theoretical aspects of the problem as well as the implementation details. They offer
a multi-faceted and broad view of the subject and provide important building blocks towards future
research.
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