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1. INTRODUCTION

In this contribution, we propose some reflections on how an Embodied Animated Agent might be designed so as to adapt its behavior to the cultural context to which it applies. We start from a discussion of the meaning of the term ‘culture’, to then analyse the literature findings about the way human beings’ behavior (natural language expression, affect feeling and display, verbal and nonverbal components of their communication and so on) varies according to the culture. The description of a context-adaptable Embodied Animated Agent is a departure point to suggest how adaptation might be extended to cultural factors. Finally, the problem of how to insure that the agent behaviour does not loose in consistency while acquiring adaptation abilities is examined: consistency is considered, at present, as an essential constituent of an agent ‘believability’ and should therefore guide the setting of values for adaptation parameters.

2. 
SOME BASIC QUESTIONS

2.1. What do we mean by culture?

Several definitions may be found in the literature. To Gudykunst and Kim (1992), culture is “a theory for interpreting the world and knowing how to behave”. To Hall and Hall (1990), it is a term used by anthropologists to refer to “a system for creating, sending, storing and processing information developed by human beings, which differentiates them from other life forms”. To Hofstede (1980), “culture is, to human collectivity, what personality is to the individual”.  This author analysed how patterns of acting, feeling and thinking are ingrained in people by late childhood and how differences in these cultural patterns are displayed in the choice of symbols, rituals and values by a culture. After a large survey on 53 countries, he defined five dimensions of culture, which include:

· Short-term vs long-term orientation (emphasizing practical values vs focusing on truth and certainty of beliefs);

· Femininity vs masculinity (blurring the lines between gender roles vs displaying traditional differences in how age, gender and family are viewed);

· Power-distance (emphasizing/de-emphasizing equality among social and age groupings);
· Collectivism vs individualism (level of integration of people into strong groups that protect them in exchange for unbridled loyalty);
· Uncertainty avoidance (level of tolerance for ambiguity).
To Brislin (1993), culture “consists of ideals, values and assumptions about life that are widely shared among people and that guide specific behaviors”. To Brown and Nichols-English (1999), “cultural traditions are characterised by the values, beliefs, attitudes, practices, customs and behaviors of a group of people”.

We would define culture as “a set of beliefs, shared by a population, regarding the environment in which the population lives and the best techniques to reach the biological terminal goals in that environment, given the means-end relations that hold in that physical environment and the accumulated set of beliefs”. Culture includes, as well, knowledge about the way beliefs may be gathered and organized and about the norms and values that establish how to best achieve those goals.  Let us justify this definition.

Every action in our life is part of a plan aiming at some goal: for instance, Somali shepherds are daily in search of bush to get food, while Italian housewives go out and buy pasta and tomato to prepare lunch. The goals of our everyday plans are not ends in themselves, they all aim in turn at more general goals of humans: the biological goals of survival and reproduction, and some subgoals like physical well-being, safety, loving and being loved, self-realization, identity, image and self-image. These are terminal goals, counting as ends in themselves; they are our most important goals, the ones with the highest weight. The goals of our everyday plans are instrumental goals, that directly or indirectly serve our terminal ones. For instance, searching the bush or buying pasta and tomato are means for survival, while cooking delicious spaghetti is a means for having a positive image as a good cook.

But how do we choose the goals that are means to our terminal goals? This is the job of learning, tradition and culture; this is how culture is linked to goals. Humans pursue their goals by using their internal and external resources. External resources are the objective conditions holding in the environment (presence of food, characteristics of the territory, climate conditions and so forth); internal resources are the human action capacities (physical strength, body agility, manual skill) and beliefs. Human beliefs and their processing ways are necessary in the pursuit of goals at different levels: in monitoring the presence-absence of favorable external conditions, in ordering goals according to their values to choose which of them to pursue, in storing knowledge about the available or the best means for achieving a given goal.

Of course, in different environments the physical conditions, the most easily available resources and consequently also the actions to get them are different: for instance, in the land it will be easier to get food by rearing sheep or cows while, on the coast, fishing will be the most direct way to feed. So, in the land the main beliefs to store and process and the main actions to learn will concern sheep and cows rather than fishes or shrimps, and people will more likely become shepherds than fishermen. In sum, any population, given the environment in which it lives, accumulates a set of beliefs on the instrumental goals that most easily and economically serve the biological terminal goals in that environment. An instrumental goal then becomes more or less important in a culture, depending on the strength of its link to a terminal goal: at the extent to which that instrumental goal is the only possible mean to reach a terminal goal in that culture, that instrumental goal will receive a higher weight and alternative goals will be dropped. It will then become a strategy of survival typical of that culture; and culture, overall, may be defined as a set of beliefs on the most typical techniques to pursue goals. 

These beliefs are determined by beliefs about the environment. For example, until a population does not know the mechanisms of plant reproduction, agriculture cannot be chosen as an instrumental goal for survival. Therefore, culture entails beliefs about the external world. And, since language is driven by beliefs and is, at the same time, their vehicle, culture typically shows up in it. Language is, on one side, an image of a population’s beliefs; on the other side, it is a way to organize them, a set of rules on how to conceptualize and categorize information. Consequently, culture implies an outfit of typical communication techniques, that is, of settled instrumental goals stating how to convey information.

Culture entails, as well, values and norms. Values are evaluations about what is good and what is bad, and therefore about what should be pursued as a goal.  But, since particular behaviors may be good or bad in a given environment, again according to the most effective survival techniques, different populations may hold different values. For example, in environments in which individualistic behavior proved to be advantageous, individualistic values will develop, while in environments where collectivistic behavior is more fit, values centered on the family or the group will hold.  

Norms are obligations that rule the relationships among people in a group. Again, in a culture more centered on interdependency, a highly weighted goal, and then a norm that will hold, may prescribe to be very cooperative, even when this implies intruding in other persons’ affairs. On the contrary, in a culture more centered on the individual’s independence, keeping one’s privacy will be more weighted, and a norm will hold of not intruding in others’ affairs and of contrasting others’ intrusions. 

Finally, both values and norms generate goals in people (the goal to pursue that value or to respect that norm); if these goals are threatened, they provoke emotions. Violating one’s own values may induce shame, while violating norms may cause a sense of guilt. Therefore, if two populations have different values and norms, they also will feel these emotions as a consequence of different events.

In the next part of this contribution, we will discuss which differences in communication styles may be due to cultural differences. We will try to answer the following questions: what is universal (biological) and what is culturally determined, in the different aspects of communication that we simulate in a Believable Agent? What is universal and what is cultural, in particular, in the verbal communication, in the body language and, specifically, in gesture, gaze, facial expression, body posture and proxemic behavior? Is emotion expression more likely to be universally shared than information about the world?

2.2. How does culture manifest itself? 

Semantic versus interactional rules in communication systems

The sociocultural context affects the behavior of individuals living in that context and therefore also their expectations about how other individuals in the same context should or would behave. Although there is a common core of behaviors that responds to ‘universal’ laws, several aspects are culture-dependent. According to Samovar and Porter (1972): “culture manifests itself both in patterns of language and thought and in forms of activity and behavior. These patterns become models for common adaptive acts and styles of expressive behaviors which enable people to live in a society within a given geographic environment at a given state of technical development”. Communication style is therefore one of the main aspects of behavior that are influenced by culture. To Condon and Yousef (1975): “we cannot separate culture from communication, for as soon as we start to talk about one we are almost inevitably talking about the other”.  If then we wish our Artificial Agent to be ‘believable’ for the particular cultural community in which it will be employed, we should design it so that both the reasoning style and the communication forms it adopts are an expression of the norms and values adopted by that community.

In every communication system, two kinds of rules are specified: semantic rules and interactional rules. Semantic rules define a correspondence between signals and meanings. For instance: 

if you want to communicate the meaning “I greet you”, say “Hello”. 

A verbal language has several and very complex rules of this type: it is the job of Linguists to discover them. A communication system based on gesture or gaze has, as well, its own lexical rules. For instance, in the system of gaze, the previous rule becomes: 

if you want to communicate the meaning “I greet you”, raise your eyebrows; 

while in the system of gesture it becomes: 

if you want to communicate the meaning “I greet you”, wave your hand.

In addition to semantic rules, we also have interactional rules, that do not state how some meaning should be conveyed, but if some meaning can, should, or should not be conveyed in a given situation. The following are two examples of these rules:  

if you meet a person you know, apply the rule for the meaning “I greet you”,

if you meet an unknown person, do not apply the rule for the meaning “I greet you”.

In other words, a communication system tells you, on one side, what to do if you want to convey some meaning, on the other side, if it is prescribed, accepted or forbidden to convey such a meaning. The latter are the norms of use in a communication system, the so-called norms of appropriateness, that have been traditionally studied by Sociolinguists.

We introduced this distinction because we think that, across communication systems, the two types of rules may or may not be subject to cultural variation. Typically, the facial expression of emotions might be universal from the point of view of semantic rules but culturally determined on the side of interaction rules; while, in the verbal expression of emotions, both the semantic and the interactional side are subject to high cultural variation.

But how do the norms of use generally work? Some of these prescriptions are of a very global type. For example, in some cultures the use of gestures is sanctioned in general, since they are considered a quite primitive or socially low-level way of communicating: the consequence is that gestures occur less frequently in communicative interaction and that they tend to be less varied and less conspicuous. For instance, British people gesticulate less than Neapolitan people, the repertoire of gestures they use is poorer, handshapes are less frequent and the amplitude of gestures is narrower (Kendon, 1995).   

In addition to these norms, that globally influence the communication system, we may categorize the norms of use according to whether they define the meanings conveyed by signals or the physical performance of signals. In the first category, we may include norms of language interdiction: using a particular signal may be forbidden just because the meaning it conveys is tabooed. So, obscene words may be more tabooed in a traditional society than in one with fewer inhibitions. Therefore, as for obscene words, cultural variations hold not only on how a given meaning is conveyed (semantic rule) but also on whether or not that meaning may be conveyed (interactional rule – norm of use). In communication systems different from the verbal one, cultural variations hold, in our view, not so much about semantic rules as about interactional rules. Take gaze, for instance: we claim that a loving gaze, a seductive gaze or a gaze looking down at someone are performed in the same way and have the same meanings all over the world. But, according to cultural norms, if looking down at someone is considered impolite, or clearly showing love to someone is seen as incorrect or even obscene in some culture, then in that culture those types of gaze will be tabooed, and they will not be performed easily.

2.3. What is universal and what is cultural in emotion feeling and expression?

It is almost universally acknowledged that emotions have a social role. They are means of coordinating social interactions and relationships and are dynamic processes that mediate the individual’s relation to a continuously changing social environment (Keltner and Haidt, 1999). Research by anthropologists and psychologists focused on how emotions help collections of interacting individuals who share common identities and goals to meet their shared goals or the superordinate goals of the group. As a consequence, emotions are claimed to play a critical role in the processes by which individuals assume cultural identities. 

Some differences across cultures have been found on how emotions are manifested in language: for instance, affective lexicons differ across cultures. However, the absence of a name (and, possibly, of the concept) for some emotions in some cultures holds only for quite specific emotions, and not for the so-called ‘basic’ emotions. Happiness, sadness, anger, fear, surprise, disgust, seem to be referred to in all cultures, and when they are felt a neural program for their facial expression is triggered; this program is wired in the human species and is therefore universal too (Ekman and Friesen, 1978). The fact that basic emotions seem to be universal does not necessarily imply that people in different cultures always show their emotions in the same way. Bagozzi et al, for instance (1999) classify cultures as ‘independent’ and ‘interdependent-based’ (a factor not very dissimilar from Hofstede’s individualism vs collectivism).  They assign western cultures to the first class, as these cultures “place considerable importance on self knowledge of one’s attributes and inner psychological processes in general”. Cultures in the second class (that they call, as well, ‘Confucian-based’) tend to give importance, on the contrary, to things outside the individual. These authors describe the result of an experimental study which shows that people in the two classes of cultures experience ‘positive’ and ‘negative’ affect in different ways: independent cultures tend to not associate negative and positive emotions, while interdependent-based cultures conceive of affect in characteristic dialectical ways and tend to associate positive and negative ones, to externalise them less and to attach to them a lower social role. 

Two cultural factors may intervene, to produce differences in the emotion expression. The first one is that an emotion is triggered by the cognitive categorization of a situation on the part of the subject. Then, a situation that in a culture, because of its beliefs, norms and values, is categorized as a cause of sadness, in another culture, with different beliefs, norms and values, might be categorized as a cause of happiness. For example, the death of a beloved person in a catholic group may be seen as his getting back to Father; the death of a martyr in the Islamic culture may be greeted as a joyful event. Therefore, the intensity with which an emotion is shown by an individual in a given context is most likely influenced by the system of beliefs and goal weights that are established by people in that context: in different contexts, the same event will be interpreted in different ways and will elicit a different mixture of emotions, each with its own intensity. The second reason why the expression of emotions may vary culturally is that, in different cultures, the filter that decides whether and how to express the felt emotion is different. This “filter” may be represented in an Agent by a set of factors, such as the cognitive and personality traits of the Agent and of the Interlocutor, their relationship and the situation in which they interact. These factors include also the cultural norms about the expression/non expression of given emotions. In 1969, Ekman and Friesen introduced the term ‘Display Rules’ to express how the display of facial expression was managed by social and culture rules. They hypothesized that an emotion may be felt but not shown, due to some circumstances and tested this idea in an experiment involving two cultures: American and Japanese. Subjects from both cultures were shown films inducing different emotions (stress or neutral) under two conditions: with or without an authority figure on their side while they were watching the movies. When watching the movies alone, subjects from both cultures show the same type of facial expressions. But, when an authoritative figure entered the room, Japanese subjects masked their negative expressions by positive ones (smiles); some American subjects did the same, but at a much lesser degree. This study then proved that the difference in showing some expressions was not due to differences in emotion feeling, but rather in differences in their display, due to cultural differences. Consistent evidence from different studies seems therefore to support the idea that there is a universal meaning of some facial expressions but there are, at the same time, cultural differences in the usage of these expressions (Knapp and Hall, 1997).
2.4. What is universal and what is cultural in verbal communication?

In verbal languages, words and syntactic rules are typically and obviously different across languages. Of course, at a very deep level the syntax is universal (as it is argued by the Chomskian Universal Grammar theory); however, specific syntactic rules exist in every language, and finding the path that links them to the underlying universal structure of grammars is not straightforward. Even if this issue is quite interesting from a theoretical viewpoint, it is not central for our task of simulating an Agent’s behavior. Some universally recurring mechanisms may be found in iconicity, which holds not only in single words (say, onomatopoeic words and phonosymbolism, beautifully simulated in Cassell’s Gandalf) but also in some syntactic mechanisms that are employed in narratives to put events in a temporal sequence, like the “ordo naturalis”. Apart from this, cultural variation across languages holds at various levels: from the more linear, hierarchical or circular structure of planning to the importance given to politeness or rhetoric, to the rules that define what to talk about, how much to mention the ‘self’ in communication, whether to convey new information or just to make reference to shared knowledge, and so on. 
An example in the medical domain: in a paper aimed at educating the pharmacists about cultural issues associated with the provision of pharmaceutical care services, Brown and Nichols-English (1999) claim that “All cultures have a system of health beliefs that explain the cause of illness, what to do about it and who should be involved.” According to the experience of these authors, culture affects not only beliefs about illness etiology and treatment practices but also the patients’ acceptance and adherence to recommended treatments.
  The authors therefore suggest that providers of health care identify the important and salient beliefs and expectations of their patients, to adapt those factors of communication that risk to impede the recommended behavior. We will come back, later on, to this particular example, to show how this type of adaptation might be implemented.

2.5. What is universal and what is cultural in gesture?

Gesturing is considered as ‘inappropriate’ in some cultures: as a consequence, the degree and mix of verbal and nonverbal communication employed in a conversation are reflexive of culture and language. Although some authors claim that the effect of differences in these constraints are ‘not so strong as one might think’ (Cassell, 2000), some differences in the amount of gesturing have been found.
As far as the ‘quality’ of gesturing is concerned, the issue of universally shared vs culture-specific signals is particularly tricky, because different types of gestures exist. Gestures may be categorized according to their cognitive construction, that is, according to whether and how they are represented in memory (Magno and Poggi, 1995). Some gestures are “coded”, that is, they are represented in memory just as a lexicon, with a rule that links the signal to its meaning. Gestures of this kind are, for example, the “symbolic” ones (like the gesture for “ok”) but also the beats, that scan the syntactic structure of the sentence or emphasize parts of the discourse. Other gestures, instead, are “creative”: they are invented on the spot to illustrate the discourse; in this case, the correspondence between signal and meaning is not univocal. For these gestures, a small set of inference rules are represented in the people mind, through which Senders may create a gesture for a new meaning to convey, and Addressees may understand the meaning of a gesture never seen before. Examples of “creative” gestures are the iconic and metaphoric gestures describing concrete and abstract objects and actions (McNeill, 1992; Cassell, 2000) and the inference rules to represent forms, actions or locations of the referent. A “cello”, for instance, may be represented by depicting the form of a cello in the air or by moving hands just as if a cello was being played.

Among coded gestures, some are culturally coded: for example, the gesture for ‘ok’, the ‘Churchill’ gesture for ‘Victory’. Others may be biologically coded: for example, those which are a ritualization of physiological movements, like the gesture of raising fists up to show elation. So, in a culture-sensitive Agent, the former will have to be varied from a culture to another, while the latter might be the same whatever culture the Agent comes from. As far as creative gestures are concerned, as we mentioned, the only representations that are coded are very general inference rules of similarity between a possible gesture and a represented referent. In our hypothesis, the majority of these rules are probably universal, because they simply consist in imitating objects or actions. But, when a represented referent is typical of a culture or an action is performed in a typical way, then also the corresponding creative gestures are culturally dependent. Some more examples: the form of metaphoric gestures (such as a ‘rolling gesture’ to indicate an ongoing process) differs among language communities (Cassell, 2000). Prosodic features of language and gestures (such as nods and gazes) vary in amount, duration and timing (O’Neill-Brown, 1997). Pointing your finger in the air may be used to summon a waitperson in Vienna, while in Brussels it is impolite. Disagreement is indicated by nodding head from side to side in Northern Italy, while nodding should be done up and down in Bulgaria and down to up in Southern Italy.

2.6. What is universal and what is cultural in facial expressions?

Facial expression and gaze are the part of communication that are more likely to be universally shared; they are both devoted to communicate various types of information. First of all, information about the world: we may point at things with chin or gaze and we may squeeze eyes to mean that something is little or difficult. Second, information on the Speaker’s beliefs, goals and emotions: we raise eyes up to signal that we are trying to remember or to make inferences; with different kinds of frown we may communicate that we are angry, that we are paying attention or are giving an order. Finally, information on the Speaker’s identity: faces convey important social information about who you are and what you are thinking, through their structure, their dynamics and their decorations. From the overall face aspect, viewers assess personality and make more or less approximate evaluations of age, gender and ethnicity. Decorations such as eyeglasses, cosmetics and hairstyle provide more or less subtle cultural cues. Based on the cues we see in a person’s face, we may also make judgements about his or her character and personality (Donath, 2001). The literature on face perception demonstrates that the face forms the locus of many of our stereotypes, prejudices and cultural values. ‘Attractive’ faces tend to give the impression of ‘social competence’, ‘babyfaced’ people are perceived to be more submissive, naive, honest and warmer, while ‘male’ faces are more likely to be perceived as belong to an ‘expert’ (Branham, 2001).  

All along his research, Paul Ekman has pursued the idea of universal facial expressions: he and his colleagues have conducted several experiments to demonstrate this idea (Ekman, 1999). Experiments consisted in showing photos of faces to subjects from a vast number of countries (in Africa, South America, Europe and Asia, even including remote countries having no contact with other cultures). Subjects were asked to match photos with short stories. Prototype facial expressions were observed for six emotions (anger, disgust, fear, happiness, sadness and surprise), the so-called ‘basic’ emotions. Later on, Keltner (1995) added the expressions of embarrassment to this list. Ekman and his colleagues conducted further studies, in which the subjects could choose their own words to denote their emotions, by selecting a term from a list of emotion names. Although they had the possibility of choosing their own words, the subjects selected, nevertheless, emotion terms similar to those that had been employed by researchers in the previous studies (Ekman, 1999). 

If, therefore, at least the facial expression of ‘basic’ emotions seems to be universal, cultural differences may be found in the amount of gaze allowed in social interaction. In some cultures, for instance in Asia, it is impolite to stare at a person while talking to her; the opposite holds in Arabic countries. Differences may be found not only in the duration of gaze but also in its direction (where to look, whom to look at) (Argyle and Cook, 1976). In U.S and most of western cultures, looking directly into the eyes of the interlocutor is seen as a positive trait, a sign of confidence, and not looking directly is considered a sign of an evasive attitude. In the Japanese culture, on the contrary, looking directly at someone is considered negative, rude and improper. Again, a laugh in the former culture usually signals that one is happy, amused or pleased, while in the latter it may signal nervousness or discomfort (O’Neill and Brown, 1997). 

In spite of these differences, some common patterns seem to exist as well: too much gazing is, usually, a sign of anger or threat, while too little gazing might signal shyness but also carelessness (Knapp and Hall, 1997). Cassell (2000) claims that, as with gestures, “there are more similarities in the use of the face than there are differences, at least with respect to the regulatory conversational functions of these behaviors”. 

2.7. Do stereotypes always apply?

Not all persons of a particular ethnic group or nationality will exhibit the broad patterns of thought and behavior that are generally attributed to their cultures. The extent to which members uphold these traditions depends on many factors, such as social class, education, language, family structure and so on. So, as always happens in User-Adapted interaction, stereotypes have to be considered only as a ‘default image’ of the application context, which is known to be imperfect and revisable. Mechanisms to revise stereotypes after a more accurate knowledge of the individual’s behavior are commonly applied by humans, and should be introduced in the design of any artificial agent.

3.  HOW CULTURE INFLUENCES HUMAN-COMPUTER INTERACTION

If, as we saw in the previous Section, cultural differences in norms, standards and goals underlie cultural diversities, and these are reflected in differences in the way people reason, feel and display emotions, appear and gesture, it is natural to wonder whether these differences affect Human-Computer Interaction. And, in particular, whether globalisation should be interpreted as going towards uniformity of interaction styles or whether interaction with a machine should be adapted to the cultural context to which it will be applied, as it tends already to be for other factors, such as  the User experience, preferences, interests and so on.

Adaptation is usually justified by some empirical demonstration (or some well-grounded assumption) that it improves, in some sense, the ‘usability’ of the application. So, before investing efforts towards culture-adapted interaction (and, in particular, characters), some evidence should be demonstrated that this will improve the use of the systems to which it will be applied. 

In the scope of their ‘Computers as Social Actors’ long-term research plan, Nass and colleagues examined, in particular, the question: Does the ethnicity of a computer agent have an effect on user’s attitudes and behaviors? In a study comparing a group of Americans with a group of subjects from an ethnic minority (Koreans), they found that ethnic similarity had significant and consistent effects on the users’ attitudes and behaviors. When the ethnicity of the subject was the same as that of the computer agent with whom the subject was interacting during the experiment, the agent was perceived to be more similar, more socially attractive and more trustworthy. The agent’s arguments were also perceived to be better and more convincing (Lee and Nass, 1998; Nass et al, 2000). 
In lack of a strong background of empirical studies involving groups of different nationalities or ethnic origins, one may only speculate on the domains in which adaptation to culture might be justified. Lee and Nass (1998) propose the domains of ‘recommendation’ in general (for instance, training or medical advice), on-line shopping and advertising. They claim that users would be more willing to trust in the agents, to take their suggestions or to give them their credit card number if these agents display a matching of values and norms with their own scale of values.  Access to services in general and teaching are other domains in which expectations and communication forms are presumably informed by culture (O'Neill-Brown, 1997). In service systems and shopping, one of the differences between short-term and long-term orientation cultures (or between masculinity and femininity) is in their being very goal-directed vs being viewed as an opportunity for ‘living an experience’ or ‘initiating casual conversations’. Therefore, for instance, the kind of ‘small-talk dialogs’ that are being developed in REA (Bickmore and Cassell, 2000) seems to be appropriate in the second type of culture, while in the first one ‘helping the shopper get out of the shop more quickly’ might be preferable. Tutoring systems, on their side, reflect pedagogical approaches and viewpoints about teacher-student relationships: tutoring agents have therefore to reflect these approaches and viewpoints, in the culture in which they will be applied.

However, adaptation to culture did not yet influence HCI as it presumably should: only a few cues on a tendency in act may be observed. For instance, although emoticons are ‘ubiquitous’, some cultural difference occurs even here: the Japanese emoticon for ‘smile’ (.) depicts the fact that women are not supposed to show their teeth when smiling and the second most popular icon in Japan is the cold sweat ( ;), with no clear western equivalent (Donath, 2001).

E-commerce recently increased the interest towards this research area (there is a website devoted to ‘Intercultural Communication’). To examine the influence of culture on website design, Sheridan (2001) compares various web sites from the same companies. She describes how the Mercedes’ German site has a “clean, functional navigation with few choices to click”, while the Japanese site requires more patience to achieve the navigation goals. This would reflect a difference in what Hofstede calls ‘long-term vs short-term orientation’ in the two cultures (as we said in Section 2.1). On the contrary, the website of the Malaysian Association of Hotels would reflect a high ‘power-distance’ by featuring awards and authority figures.

3.2. What happens with Embodied Animated Agents?

It is reasonable to expect that designers use the physical forms and the behavior of embodied agents in making sense of their actions and intentions, just as it occurs with people. An agent’s face may either clarify its intentions or complicate them: by altering the level of helpfulness or attractiveness, for instance, agents could subtly announce their willingness to listen and serve the user or to engage in social activity (Branham, 2001). If the culture-dependent factors that we reviewed in Section 2 are appropriately considered in the design phase, the Agent should therefore be conceived after a careful analysis of the situation in which it will be applied.

On the contrary, we are witnessing a situation in which existing Embodied Animated Agents, be they stylized cartoon-like characters or more ‘realistic’ creatures, reflect the culture of the environment in which they have been designed, by mirroring the developer’s reasoning style, communication modes and so on. Even in tools in which the aspect and the animations of the agent may be selected, the repertoire of available characters is culture-specific. By looking, for instance, at the website of MS-Agents (http://www.msagentsring.org/chars/), one notices that these Agents may take the appearance of animals (the well known Peedy, or Oscar the Cat, Max the Dog, Claude or Milton the Bears, etc), of characters from traditions and novels (Merlin, Genie, Gar the Gargoyle, Santa Claus, etc) or may be anthropomorphisations of technological objects (Alien, Spaceman, Robby, etc): in all cases, they are strongly inspired from Western culture. When they are human-like characters, they may represent a typical British waiter (James) or a blond or brown-hair girl (Charlie or VRGirl) with, again, a typical Western appearance. The only two characters that seem to refer to non-Western cultures (Totem and Miku) have a limited number of animations.

Therefore, what we may already see is a situation in which agents are “not able to communicate with people from cultures different from their designers or with agents developed by other developers” (O’Neill-Brown, 1997). A developer of a natural-language interface for a legal information system in Italy referred that they initially designed their character as a very attractive young female assistant, as they thought that the typical user of their system was going to be a male lawyer. However, after realising that, in fact, the lawyer’s (female) secretary was the one who most frequently used the system, they had to notice that the appearance and behaviour of the character were ‘disturbing’ to these users. They therefore had to design a new character, with a more ‘classical’ dressing, a more ‘professional’ communication style and so on.

The interest towards techniques for drawing multicultural characters is very recent and was probably promoted especially by computer game designers. Agents might deal with cultural diversity at two different levels:

· at a surface level, by showing cultural sensitivity, that is by showing the ability to recognise the cultural manifestations of the targeted population;

· at a deeper level, by showing cultural consistency, that is by making their personal and programmatic activity (values, beliefs, attitudes, behavior and so on) congruent or consistent with the cultural orientation and precepts of the targeted population. This attitude requires a deep understanding of the culture in which the Agent is immersed and the ability to alter its communication behavior (verbal and nonverbal expressiveness), to take into account cultural issues that may affect the task of which the Agent is in charge of.

3.3 What is it, that makes ‘believable’ an Embodied Animated Agent?

Believability has long been the main requirement, in the design of Embodied Animated Agents. After Bates first introduced this idea in the early nineties (Bates, 1994), the main meaning of this (very general) term was ‘to give the illusion of life’. As the goal of showing a human-like embodied character in the display was to contribute to moving the metaphor of human-computer interaction towards the idea of ‘interacting with a friend’ rather than ‘using a tool’,  the main requirement was that, when looking at an embodied animated agent, generic users should ‘suspend their disbelief’ that what was in front of them was something different from a machine (Loyall and Bates, 1997). This would enable them to establish a new kind of communication with the technology, in which cooperation would be more effective and would be accompanied, if needed, by some entertainment or pleasure. The supporters of this new form of interaction found a strong background to their goals in the long series of Nass and colleagues’ studies, which seemed to prove that humans tend to establish some kind of ‘social relationship’ also with conventional computers, even when their aspect is nothing more than that of mere machines. Other authors (Sengers, 1999) support a lighter concept of believability, that they name comprehensibility: “an agent is comprehensible if, based on the Agent’s observable actions, users can build an accurate interpretation of the agent’s beliefs, reasoning, knowledge and so on”. In this case, the Agent should not necessarily give the illusion of life, but should at least show an interpretable behavior.

Which properties are successful in achieving believability? It is clear that a ‘realistic’ human-like appearance is not always needed: cartoons may be very good and even more attractive in a number of applications, as proved in Benoit’s contribution in this book, while more realistic agents may be useful in domains in which entertainment is not the main goal of interaction. It is also clear that the ‘ability to show emotions’ and to ‘engage in social interactions’ with the User is very important, for instance in application domains such as tutoring. However, what really makes an Agent’s behavior ‘believable’ was not stated in clear terms for some time, and ad-hoc solutions to the problem were rather proposed.

Thanks also to Ortony’s reflection of this subject, it became recently clear that consistency in the Agent’s behavior is an important ingredient of believability: 

“What does it take to make an emotional agent, a believable emotional agent? If we take a broad view of believability –one that takes us beyond trying to induce an illusion of life … to the idea of generating behavior that is genuinely plausible- then we have to do more than just arrange for the coordination of, for example, language and action. Rather, … the behaviors to be generated - and the motivational states that subserve them – have to have some consistency, for consistency across similar situations is one of the most salient aspects of human behavior. …. But consistency is not sufficient for an agent to be believable. An agent’s behavior also has to be coherent. In other words, believability entails not only that emotions, motivations and actions fit together in a meaningful and intelligent way at the local … level, but also that they cohere at a more global level – across different kinds of situations and over quite long time periods.” (Ortony, in press).

Ortony therefore distinguishes between consistency across similar situations and coherence across different kinds of situations and over quite long time periods. Consistency is a general requirement of computer usability and is constantly mentioned in the guidelines about interface design (Shneiderman, 1998). The idea is that, if an interface is consistent, the User will apply 'rules' learned by interacting with the system when performing some previous tasks, to envisage how new tasks will probably have to be performed. This entails less effort, to Users, in interacting with the system, less time spent in learning how to use it and lower risk of error. It is therefore reasonable to assume that the same principles apply when interaction is with an Embodied Animated Character: users cannot suspend their belief of interacting with a ‘purely technical’ tool if this tool behaves inconsistently. Consistency and coherence in emotion elicitation in an individual would be insured, again according to Ortony, by a “coherent and relatively stable value system in terms of which the environment is appraised. … Such a system is an amalgam of a goal hierarchy, in which at least some of the higher level goals are sufficiently enduring …, a set of norms, standards and values that underlie judgements of appropriateness, fairness, morality and so on, and tastes and preferences…”. (Ortony, in press). While a major source of consistency derives from the fact that emotions induce associated response tendencies, personality traits contribute to establish individual variations in these tendencies. To assign a personality to an agent through a consistent (and psychologically plausible) trait combination, empirical evidence about the way traits cluster together may be employed: for instance, the famous ‘Five Factor Model’ (Mc Crae and John, 1992). 

We will focus the following part of this paper on a description of how an Agent’s behavior may be adapted to the cultural context in which it will be applied by insuring, at the same time, that consistency is not lost. This is not a easy undertaking: so, our suggestions should be taken as hints derived from our own experience in building a context-adapted Embodied Animated Agent, rather than as general guidelines.

4.
AN EXAMPLE: INFORMATION PROVISION SCENARIO

Let us consider the following situation:  “a person (P1) is standing on the corner of a street, looking at an open map of the city”. We may imagine the following interaction scenarios between P1 and a person P2 coming in P1’s direction:

Scenario 1:

P1:
“Sorry, can you please tell me where is the Central Station?”

P2:
“No, I don’t know”.
Scenario 2:

P1:
“Sorry, can you please tell me where is the Central Station?”

P2:
“No, sorry, I’m not living in this city”.  
Scenario 3:

P1:
“Sorry, can you please tell me where is the Central Station?”
P2:
“No, sorry, I’m not living in this city. 

But you may ask to that Bar, they probably know it.” 

Or

“Let me give a look at your map: maybe we will find the place, together.”

Or

“Yes, turn left and go strait along that road.”
Scenario 4:

P2: 
approaches P1 and says:  “May I help you?”.

The four scenarios describe different attitudes for P2, with increasing levels of ‘cooperativeness’. In Scenario1, P2 is not cooperative: maybe he is not even sincere, he knows about the city but does not want to loose his time in giving explanations to P1. Or, maybe he is sincere but not very polite. 

The level of politeness of P2 is higher in Scenario 2 (he justifies why he cannot help P1), although the cooperation attitude is the same. 

In Scenario 3, P2 tries to go beyond the ‘literal’ request of P1, to help her. P1’s main goal is to come to know where is the Central Station, irrespectively of who will give her this information; P1 reasons about that and suggests to P1 an alternative way to achieve this goal.

In Scenario 4, P2 anticipates P1’s request: by seeing that she looks at the map, he infers that she needs help in locating herself in the place where she is. He therefore offers his help before P1 asks it.

We might see the differences in the described scenarios in various terms: P2 might be seen as a person with a different personality in the four cases (cooperative vs not cooperative & polite vs not polite). But, we might see the scenarios, as well, as more or less ‘plausible’ in different countries. The differences of attitudes would be due, in this case, to differences in the cultural context: to make an example, Scenario 3 or 4 might be more plausible in Naples (where people are, in general, ‘very cooperative’), while scenarios 3 or 4 might occur more frequently in Milan, which is characterised by a more typical Northern-European attitude.

What is it that drives the difference of behavior, in the four described scenarios? Which is the common core, that may be described either in terms of ‘personality’ or of ‘cultural context’? In our opinion, this common core is the degree of P2’s interest towards the Interlocutor’s needs and therefore the type of reasoning he makes about P1’s mind: in particular, about her higher level goals. 

When the cooperation attitude of P2 increases, he tries to reason, as far as he can, on P1’s higher order goals and interprets her explicit request (or even her ‘needing attitude’) by looking at these goals. This may originate from several components of the ‘scale of values’ in P2’s mind: the desire of ‘giving a good image of himself’, of ‘not showing his incompetence or uncertainty’, of ‘giving to a foreign person the sensation of being welcome’, or, alternatively, of ‘not invading the Interlocutor’s mental territory’,… and so on. These values are usually in contrast with each other, and a particular combination of them prevails, in a given context. For instance: Scenarios 1 and 2 might be due to a high respect of the other’s privacy, to the desire of ‘not invading the territory of others’, which entails an attitude of minimizing interactions that are not explicitly required. On the contrary, scenario 3 might be due to a great desire of establishing a contact with the other person, either for individual reasons or because of cultural norms. The resulting attitude will be a mixture of politeness and cooperation level which will not ‘universally’ be considered as ‘optimal’ but will be the consequence of the scale of values established in the considered culture.

If we look at the described scenarios in terms of a culture-adapted Agent, the consequence of a variation in the scale of values adopted by the Agent will be a different discourse or dialog plan, in the same situation. In our examples, cooperativeness brings to more complex plans, that try to respond to what are perceived to be the specific needs of the Interlocutor. However, it may happen, as well, that cooperativeness brings the Interlocutor to understand faster the Speaker’s real goal, and therefore contributes to make the dialog shorter.  

Consistency and coherence in the Agent’s behavior are insured by the relative ‘stability’ of this scale of values. Therefore, by representing, in the Agent’s mind, its scale of values and its belief system, we may be reasonably confident that, in front of similar situations, the Agent will adopt similar cooperation attitudes and similar levels of politeness. 

We didn’t say anything about the ‘nonverbal’ behavior of P2, in the four described situations. How may we insure that this behavior is consistent with the verbal part of P2’s communication? What we may assume, in general, is that a ‘highly cooperative’ attitude, that results from the attempt to understand the Interlocutor's ‘higher order goals’ and of responding to them as far as possible, comes with the desire of ‘entering (in some form) into contact’ with her; this desire may manifest itself in different nonverbal forms, again according to the cultural context. For instance: a ‘highly cooperative’ person may tend to make larger gestures, to touch the Interlocutor with his hands, to look at her directly in the eyes, to make large smiles, to bow or to speak aloud. These non verbal behaviors share a meaning of ‘invading the Interlocutor’s territory’, although each of them is typical of a specific culture. On the contrary, a ‘low-cooperation attitude’ will be accompanied by a kind of gesturing that conveys the meaning of ‘separation from the territory of the Interlocutor’ or, in the worst case, of ‘refusing contact’ with her. In this case, gesturing and facial expressions of the Speaker will be more controlled and will, at the extreme, express the meaning of ‘trying to send the Interlocutor far apart’ from his own body.

5. REQUIREMENTS FOR BUILDING CULTURE-ADAPTED AGENTS
Agents may be built so as to be tailored to a particular culture or may be designed so as to be able to adapt to different cultural contexts. In the first case, every time a new application context comes out, the Agent has to be re-designed: its way of thinking, its appearance, its behavior have to be modified, and changes have to be introduced so as to insure that consistency is not lost. In the second case, the long-lasting experience of User-Adapted Interfaces may be applied, to design and build an Agent whose mentioned characteristics change more or less ‘naturally’, according to the context. In the most sophisticated case, changes may occur automatically: the Agent ‘observes’ the environment to understand the situation and progressively models it and ‘decides’ how to behave. To have such a complex adaptation capability, the Agent should hold an explicit knowledge of how to interpret situations and how to modify itself accordingly. If, for instance, an Agent takes the role of P2 in the ‘information provision’ scenario, it should be able to recognise, from P1’s speech or from the way she wears and gestures, that it is interacting with someone from Southern Italy. If it wants to adapt to her culture, it will then try to behave as in Scenario 3 in the previous Section, rather than as in Scenarios 1 or 2,  and will take a more verbose and warm attitude. 

Interpretation and ‘plan recognition’ are so far, the most difficult components of User-adapted systems; one might then imagine systems that do not adapt automatically to the situation but in which adaptation is introduced at the Agent’s design level. This is the situation that we will discuss in more detail in the next part of our contribution. The following are the principles on which our Agent is based (Pelachaud et al, 2002; de Rosis et al, submitted):

· although it is reasonable to assume that a person’s body is a reflex of his or her mind and that this assumption should guide the generation of Embodied Animated Agents as well, we claim that separation of the Agent’s Mind from its Body helps in achieving a higher flexibility in adaptation of the agent’s behavior, acting and appearance to the cultural context. It offers the opportunity of varying its mental state and its reasoning style according to the context and of establishing the communication forms to be applied after considering the technical resources available;

· if the Agent’s Mind is represented according to the BDI (belief, desire, intention) theory and architecture (Rao and Georgeff, 1991), the way that its mental state is related to the cultural context may be represented explicitly. This enables the Agent to vary the decision taken (including the ‘discourse’ that achieves a given ‘communicative goal’) and the emotions triggered and displayed,  according to its mental state’s structure; 

· relations between the various components of a person’s mind, and the way they control the affective state, cannot be established in a rigid and fixed way: various forms of indeterminism govern this process, from uncertainty attached to beliefs and their relations to weights associated with achieving terminal and instrumental goals. In addition, body expressions are not always specific: a gaze may have several ‘meanings’ and the same meaning may be conveyed through a combination of several ‘signals’. Again, the way that meanings and signals are related is not rigid and fixed, but is governed by uncertainty. Therefore, some formalism is needed to appropriately represent these parameters in the Agent’s mental state and the way they affect its behavior.

6.
THE ARCHITECTURE OF GRETA

We now describe in more detail what we propose as the architecture of a culture-adaptable Embodied Animated Agent, by extending the experience we gained in building the Embodied Agent GRETA in the scope of the EU Project “MagiCster”
. GRETA is a realistic 3D talking head who is able to converse with the User, by harmonising the verbal and nonverbal components of her ‘dialog move’ and by adapting them to the context. The adaptation factors that may be considered include social relationship with the User and personality factors: GRETA’s appearance and behavior are therefore, once again, inspired by a specific cultural context. However, the architecture and the way that her ‘Mind’ drives her ‘Body’ include the main ingredients that might enable us to adapt her to a different culture: in describing the main components of this Agent, we will therefore try to illustrate how her adaptation capability might be extended. Although GRETA is domain-independent, to make this description a bit more clear we will consider a simple example of medical dialogue, in which the Agent plays the role of a doctor who explains to a patient (the User) the appropriate therapy to follow to treat his disease. 

a Mental state of the Interlocutors

The Agent’s mind and its (default and dynamically updateable) image of the Interlocutor’s mind are represented as structured sets of beliefs, desires and intentions. A ‘weight’ is associated with the goals and a ‘strength’, measured in terms of uncertainty, is associated with the links among these elementary components. This representation of Greta as a BDI Agent enables us to employ a unique knowledge repository to drive all the phases of the reasoning process: in particular, the more ‘rational’ aspects, as well as the more ‘reactive’ ones which are related, for instance, to the triggering of emotions and to the decision of whether and how to display them (Ortony, Clore and Collins, 1988; Ortony, 1988; De Carolis et al, 2001; de Rosis et al, submitted).

The content of this knowledge component may be varied according to the most relevant features of the cultural context that we examined in Section 2. As we said, a culture may be described in terms of the weights assigned to instrumental goals and of the prevailing beliefs. If beliefs and goals are not seen as separate mental components but as items that influence each other with variable degrees of strength, then also the strength of these links is a function of the cultural context. 

For instance:  to employ one of Hofstede’s dimensions of culture, in a ‘collectivist’ society the importance given to friendship and to the goal of ‘achieving the good of others’ should be higher than in ‘individualist’ societies. Therefore, in particular, triggering of an emotion of ‘envy’ might be less likely in this type of society.

b Main input

The main input of the Agent’s behavior generation process is the name of ‘a task that Greta has to perform’. In our example:    Task(S):= Persuade(S U Follow(U t)). “The System (S) has to persuade the User (U) to follow a therapy t”.

c Task decomposition

By applying a strategy of ‘planning by abstraction levels’, the system’s task is decomposed into a set of subtasks, each with its priority.  In our example, one of the possible decomposition plans, with a weight (H/high, M/medium, L/low) attached to every component is the following:

------------------------------------------------

Self-Introduction    



H

Forall p (Has-got U p)

Describe (p)




H




Inform (Treats t p)



H




Forall d | (Is-in d t)  





Request (Take U d)


H





Describe (How-to-take U d)

M





Describe (Side-Effects (d))
M



------------------------------------------------
As a first step, GRETA (G) introduces herself to the User (U) in order to establish a first communication with him. In the main part of the plan, to convince U to follow the therapy (t), G, first of all, describes his main health problems (p). She then informs him that a therapy (t) that enables solving these problems exists. Then, for each of the drugs (d) included in t, G asks U to take this drug and informs him on how to take it. Finally, G describes to U the side effects (s) that may be associated with the prescribed drugs. The example shows that the last two subgoals are given a lower priority (M) that the first ones (H).

This decomposition plan does not necessarily apply to all contexts. We already mentioned, in Section 2, Brown and Nichols-English’s suggestions of how to adapt the pharmacist’s behavior to the culture of the patient with which they interact, in the USA.  We could also verify experimentally, at a small scale, that these considerations apply, as well, to cultural differences within the European community, in a previous study in which we compared drug explanation attitudes in Italy and in the UK. We noticed that these explanations were not the same in the two countries, and that much less details were given, in general, by Italian doctors, who tended, in particular, to minimise or hide the side effects of the prescribed drugs, as they were convinced that this knowledge could affect negatively the patient compliance (de Rosis et al, 1999). In another study, we could verify that, to increase the effectiveness of the explanation, the order of presentation of information in the text should not necessarily be the same, but should be varied according to the patient’s characteristics and to the main effect the Speaker wanted to achieve on his mind (Berry et al, 1997 and 1998). If, for instance, the doctor wants to be sure that drug administration rules are applied correctly by the patient and the prescribed drugs have few side effects, he will first talk about these side effects, to leave at the end recommendations of how to take each drug. So, another possible decomposition plan is the following:



-----------------------------------------------------------------------------

Self-Introduction




H

Forall p (Has-got U p)

Describe (p)




H




Inform (Treats t p)



H




Forall d | (Is-in d t)  





Request (Take U d)


H





Describe (Side-Effects (d))
L





Describe (How-to-take U d)

L
As we saw in the two examples, task decomposition may be defined in a context-dependent way, by varying the weight attached to every subtask. This enables adapting the overall discourse and dialog strategy to the cultural context.

d Discourse planning

The main task decomposition is then transformed into a ‘discourse plan’, by assembling precompiled ‘recipes’, each of which enables performing a specific subtask.  For instance, the subtask:   Describe-Side-Effects (d)

may be translated into a plan that describes, for each side effect of a prescribed drug, how severe this side effect is, which is its frequency, in which conditions it is more likely to occur, to which category of patients it applies, how it can be relieved and so on. This plan applies to the case in which the patient’s goal of ‘Knowing about side effects’ has a high weight and when the doctor also gives it a high importance to the subject (as in the case of English doctors, according to our study). Less details should be provided, on the contrary, when this goal is given a lower weight by one of the two participants to the dialog (as in the case of Italy).  

In the planning process, the following knowledge bases are employed:
· A Domain knowledge base, that describes the main facts which are relevant in the dialog generation.
In the medical example, these facts concern diseases, drugs and treatments, with their properties and relations. For instance:  

Is-a (ANGINA p)




Is-a (ASPIRINE d)




Is-a (HEART-PROTECTION-TREATMENT t)




Is-in (ASPIRINE HEART-PROTECTION-TREATMENT)

Treats (HEART-PROTECTION-TREATMENT ANGINA)

… and so on.

The domain-KB may depend on the context, to represent the different therapeutic practices that are applied in different situations. For instance: Brown and Nichols-English (1999) refer that patients who believe in folk-based interpretations of diseases are more likely to treat their problems with home or folk remedies and less likely to be compliant with prescribed medications. They suggest that pharmacists faced with such situations should, whenever possible, incorporate home remedies or other alternative practices into the patient’s therapy regimen.

· A library of recipes,  that is of precompiled plans; each plan is characterised by the following features:

· a task that the plan enables performing,

· a set of conditions that define when the plan may be applied,

· a list of the performatives that build up the plan.

For instance, the following recipes formalise the different stereotypical attitudes towards explanations of side effects of drugs, in UK doctors and in Italian doctors: 


--------------------------------------------------------

name: Detailed Description of Side Effects

task:

Describe (Side-Effects (d))

conditions: 
Goal U (KnowAbout U DRUG-SIDEFFECTS) H and

      
Goal U (KnowAbout U DRUG-SIDEFFECTS) H

decomposition:
Forall s|(SideEffect d s)




Inform (SideEffect d s)

Inform (Severity s x)

Inform (Frequency s y)

Inform (Occurs s z)

Inform (RiskPatients s v)

Inform (HowToRelieve s w)


--------------------------------------------------------

--------------------------------------------------------

name: Synthetic Description of Side Effects

task:

Describe (Side-Effects (d))

conditions: 
Goal P (KnowAbout U DRUG-SIDEFFECTS) M and

      
Goal S (KnowAbout U DRUG-SIDEFFECTS) L

decomposition:
Forall s|(SideEffect d s)and(Frequency s HIGH)




Inform (SideEffect d s)

Inform (HowToRelieve s w)


--------------------------------------------------------

Notice that, in this example, the weight of the communicative goals in the Speaker’s mind (that are specified in the ‘conditions’ part of the recipe) affect the way the task is performed. While, in the first case, detailed information about all side effects is provided, in the second one only the most frequent ones are mentioned, with an indication of how to relieve them. 

A ‘dialog move’ of GRETA includes one or more performatives, possibly connected by rhetorical relations, that result from application of the two processes of task decomposition and discourse planning. In the two previous examples, all performatives were of the ‘inform’ type and their arguments were formulae. For instance: (SideEffect d s)stands for  “s is a side effect of d”,  (Severity s x) for  “the severity of s is x”, and so on.
If we represent the Agent’s mind as a structured set of beliefs and goals, with a weight attached to goals, adaptation of every ‘dialog move’ to the context may be achieved rather naturally, by selecting the set of recipes whose condition side matches the Agent’s mental state.
e Move Tagging 

The dialog move is now ready to be translated into a ‘discourse’. To this aim, first of all performatives and their rhetorical relations have to be translated, first of all into natural language texts, whose formulation is a function of the context. At present, we include in the ‘context’ not only language issues but also, again, factors that are related to the social relationship between the two interlocutors. In (de Rosis et al, 1999), for instance, we describe how doctors add empathy in a message when they want to establish a ‘closer’ relationship with their patients, by an appropriate use of terms, adjectives and pronouns that emphasize or de-emphasize positive or negative aspects of the message: “The good news is that we do have tablets that are very effective against TB”, “I’m sure you will feel better once you’ve been put on treatment”; or  “You will have to take a little tablet…”, “ The only side effect this drug may have…” and so on. 

To pronounce the text with an appropriate intonation, the Agent must ‘know’ what it is pronouncing, that is which is the meaning of the most significant parts of the discourse. For instance, to render the performatives:


Inform (Has-got U ANGINA) and Inform (Severity ANGINA MILD)  with the sentence: 

“I’m sorry to inform you that you have been diagnosed as suffering from a mild form of what we call angina pectoris”,

she must know that these performatives belong to the category of ‘Inform’, that the first one is accompanied by a feeling of an emotion of ‘sorry-for’ (again, because the doctor wants to show an ‘empathic’ attitude towards the patient)  and that the concept is deals about (the patient’s disease ANGINA) is in a ‘mild’ form. This knowledge will enable GRETA to pronounce the sentence with an appropriate intonation (emphasis on ‘sorry-for’ and on ‘mild’) that will reinforce the achievement of the ‘empathy’ included in the text. In addition, it will allow her to ‘decide’ how to employ nonverbal communication  (facial expression, head movements, body posture and/or gestures) consistently with the verbal part of the message. Meanings are attached, as tags in a ‘mark-up language’,  to ‘discourse spans’: that is, to the whole move, to an individual clause or sentence or even to a single word (De Carolis et al, 2001).

The meanings that may be attached to a message are elements of a finite set. In (Poggi and Pelachaud, 2000) we examine those of them that may be rendered through gaze expressions and describe how they may be categorised into a limited number of classes: metacognitive,  turn taking, affective, certainty, adjectival, deictic etc. Other authors described the meanings that may be conveyed through gestures. Whether, in particular, an emotion should or should not be attached to a discourse span results from an ‘emotion activation’ process. According to what we said in Section 2, in our model of emotion elicitation, emotion intensities and the way they vary with time are a function of several factors: the characteristics of the event involved, the goal being threatened or facilitated by the event and the social context in which the event occurs (for more details, see de Rosis et al, submitted).

Once an emotion has been elicited, the ‘reflexive’ component of the Agent decides whether to display or to hide it. Here, the consequences of displaying the emotion are considered, in cost/benefit utility terms (De Carolis et a, 2001).

Once again, move tagging depends on the context. While some of the meanings do not vary across the cultures (for instance, turn taking or deictic beliefs), others may be attached to the move only in specific situations: typically, affective, certainty or metacognitive beliefs.
f Meaning realisation

A meaning attached to a discourse span may be translated into one or more nonverbal signals. For instance:  

At present, a table links meanings to signals. So, when deciding the face expressions and (in perspective) the gesture with which to express a given meaning, our Agent reads the tag attached to the discourse span, matches its value with the value of an entry in the (meaning, signal) table and sends an order to its ‘Body’. A conflict resolution strategy is employed when several meanings have to be manifested at the same time (Pelachaud and Poggi, submitted). As we said in Section 2, the (meaning, signal) relation strongly depends on the context to which the Agent refers. At present, this table is unique; but, potentially, several tables might be defined, to be employed in several contexts. 

(Meaning, signal) tables might be adapted to the cultural context so as to express both quantitative and qualitative differences among the cultures: gesturing more or less, making more or less ‘expressive’ faces, using eye expressions rather than hand or body gesturing, and so on.
g User move interpretation
After GRETA completed her move, control is passed to the User. The User move is interpreted by GRETA and may trigger a ‘clarification subdialog’ in which the previously established dialog plan is revised or is made temporarily dormant. It should be noticed that, in particular, the User’s move may entail triggering of an emotion in GRETA, which produces, in its turn, a revision of her goal priorities and therefore also of the dialog plan. If, for instance, the patient says: “I definitely will not take this drug, I hate taking bitter pills”, it is reasonable to assume that GRETA will feel a bit ‘angry’ towards the patient, or at least ‘worried’ about the fact that treatment might not be followed appropriately. This will reinforce, in her subsequent move, the goal of ‘convincing him’ to follow the treatment. The list of subtasks that GRETA tries to achieve is therefore considered as an open list, that is dynamically revised during the dialog.

Interpretation of the User reaction should, once again, be adapted to the culture. Ideally, not only the verbal part of the User move should be interpreted, but also his facial expression, body posture and so on. In this interpretation, again, culture-dependent criteria should be applied, as we mentioned in Section 2.
7.
HOW TO INSURE CONSISTENCY

In the previous Section we described, in general terms , how adaptation to the context is already introduced, in GRETA, during the dialog generation process. Several parameters guide the adaptation strategy, in every step. To extend adaptation to the cultural context, many more parameters should be considered in the model.

The risk of building inconsistent Agents is always high: however, this risk increases considerably when adaptation to the context is included as one of the requirements of the Agent’s behavior. As we anticipated in Section 3.3, consistency in the Agent’s behavior is a core aspect of believability. It is therefore very important to find an answers to the following question: how may designers insure that inconsistency is not introduced, in the different phases of adaptation and in the different aspects of the Agent’s behavior? For instance: how may we be sure that the Agent’s mental model is internally consistent? We need a psychologically grounded theory, to set up the weights given to the various goals and the strengths of relations between beliefs and goals, so that they correspond to a psychologically and socially plausible ‘individual’ or ‘category of individuals’, like a ‘cultural community’. And: how may we insure that the external behavior of the Agent is consistent, is coherent across similar situations in time and corresponds to the Agent’s system of norms, values, beliefs and goals that shape its mental model? The idea of linguists is that every message is produced to achieve a 'communicative goal' and brings a meaning in it. When the message includes a 'verbal' and a 'nonverbal' part, the two parts may reinforce each other, or only one of them may be employed to convey a given meaning. So, a consistent message is a message that does not include contradictions, either in the same component or among different components.

Let us make some (extreme) examples of inconsistency in the two examples described in this paper. In the ‘information provision’ scenario, it would be rather implausible to attach, to the same Agent, a ‘highly cooperative’ and a ‘highly dominant’ attitude (although this might happen, in some individuals): this would correspond to the case of a person who proactively offers help to someone who is not requesting it explicitly but, at the same time, demands that his or her suggestion is followed immediately and literally (Castelfranchi et al, 1998). For the same reason, it would be inconsistent to attach an ‘extroverted’ behavior to a ‘non-cooperative’ person, because gestures whose meaning is, generically, that of ‘invading the territory of others’ are unlikely to people who do not pay attention to others’ viewpoints or needs.

In the ‘medical scenario’, it would be inconsistent to show empathy in a part of the message (say, the description of the patient’s illness) and coldness in another part (say, the description of possible side effects of the drug). It would, as well, be inconsistent to say "I'm sorry to inform you..." and smile at the same time. Or, to say it with a neutral face (although the degree of inconsistency is much lower, in this case). Or, to not synchronise smile with the verbal part of the expression of empathy, and so on. 

These are only examples, that do not provide any general solution to the problem. As far as affective factors representation is concerned, Ortony suggests looking at theories like the ‘Big Five Factors’ (Mc Crae and John, 1992) to drive the design process towards consistency. In this theory, personality traits tend to aggregate into a few factors: a ‘consistent’ personality would therefore correspond an aggregate of personality traits, in the five-dimensional space. Hofstede’s ‘Five Dimensions of Culture’ might play the same role in building culturally-consistent characters. It might help, for instance, in assigning consistent values to parameters that are associated with short-term vs long-term orientation, femininity vs masculinity, power-distance, collectivism vs individualism and uncertainty avoidance. However, this is still an open problem, that should be investigated more in depth.
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