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ABSTRACT
The aim of our present research is to build an Agent capable of communicative and expressive behavior.  The Agent should be able to plan not only what to communicate, but also by what (verbal or nonverbal) signals, in what combination and how synchronized. This depends on several factors : (i) consideration of the available modalities (e.g., face, gaze, voice); (ii) cognitive ease of production and processing of signals; (iii) expressivity of each signal in communicating specific meanings; (iv) appropriateness of signals to social situations.  Moreover the Agent should be able to express its emotions but also to refrain from expressing them: a reflexive, not an impulsive Agent.  A Reflexive Agent is an agent who thinks it over before displaying one’s emotions, that is, one who, when feeling an emotion, “decides” not to display it immediately. This decision is based not only on the emotion valence, the personality of the Agent and its interlocutor but also on its motivation: is it just plain vent, or does the Agent look for consolation, help or even objectivation from its interlocutor.  We introduce the term Display Motive that we define as the reason (the specific goal) that induces us to display a particular emotion in a particular situation.  In this paper, after overviewing the factors that may determine the displaying or not displaying of an emotion, we present an approach to modeling the Agent’s mind and its reasoning capabilities that takes these factors into account.

1. INTRODUCTION   

Up to now, Artificial Agents are not yet endowed with the capacity of feeling emotions, mainly because emotion would imply an involvement of the hardware of a machine; and this might be impossible, or at least difficult, still for some years [6]. But let us suppose we have an Agent that is able to feel emotions; how could it behave? Would it express its emotion to a potential interlocutor, or would it ruminate on its own emotion by itself, without showing its feeling?

In the psychology literature about emotion sharing, the effects of sharing an emotion on the person who feels it have been studied [11, 12]: it has been shown, for example, that people who have undergone severe shocks and share their emotions are better adapted, undergo fewer heart and pressure problems, and have longer life [8]. Of course, people differ in their proneness to display emotions: some are very impulsive and tend to display their emotions whatever the consequences of this display, while others are more reflexive, they follow the rule “think it over seven times seven before". In fact, if I show to my boss that I am angry at him, this may make me feel better at the moment but I may risk being fired; however, in some cases if I show I'm not afraid of him, he might respect me or admire me more. Now, the decision of whether to display my anger at my boss may be a very cold, calculated and utilitarian one. But we may also decide on the spot whether to display our emotion, in a not so conscious and rational way; still, also in this case we think it is possible to speak of a “decision" of displaying or not, even if this decision is not deliberate and conscious.

The aim of our research is to build an Agent that is able to express its emotions but also to refrain from expressing them: a reflexive, not an impulsive Agent. This paper presents the first results of our approach in this direction.

2. EMOTION TRIGGERING FACTORS

Emotions are a biological feed-back device whose function is to provide information about the state of achievement or thwarting of our most important adaptive goals. Every time a relevant event happens in the environment (or is simply assumed to happen by a System), due to which an important goal of the System (the goal of survival, bodily safety, reproduction, image or self-image) is, or is likely to be, achieved or thwarted, the emotional device is activated; this consists of a set of somatic, physiological, psychological, expressive and motivational issues that alert the System and, at the same time, provide the necessary energy and resources for reaction. 

According Ortony, Clore and Collins [7] and Elliott [4], three entities may be responsible for the arousal of an emotion: the occurrence of an event (a storm triggers fear), some particular aspects of an object  (a dirty thing causes disgust), or actions of oneself or others (an aggressive act causes remorse). From the agent's interpretation of the situation, an emotion is triggered. We use emotion types as defined in Elliott's Affective Reasoner, in which 24 emotions are described [4].

3. EMOTION REGULATION FACTORS

The expressive part of the emotional reaction (for example, our opening eyes wide in fear, frowning in anger, blushing in shame) usually has a useful adaptive function. Showing my rival I am angry at him may induce him to leave the field; showing my terror with wide open eyes may alert other con-specifics of mine that a high danger is present. This is why all theories of emotions also elaborate on the expressive aspects of the emotions and consider the expressive device an integral part of the emotion itself [3].

Sometimes, though, expressing our emotion may be dangerous: if I show afraid, my rival may have a weapon more and oblige me to leave the field. Humans, then, learned to be flexible in using the expressive part of the Emotion: to be biologically endowed with a repertoire of display devices does not necessarily mean that any time we feel an emotion we display it immediately, coercively and unthoughtfully.

In this work we aim at simulating a Reflexive Agent, one who thinks it over before displaying its own emotions, that is one who, when feeling an emotion, “decides" whether to display it immediately or not. We mean “decide" not necessarily to denote a rational conscious decision, but to indicate the (rather 'reactive') step whose output is the goal of displaying/not displaying the felt emotion. 

A famous elaboration around this topic is Ekman and Friesen’s [3] notion of display rules: the rules prescribed by cultures about when, how, to whom express one’s emotions.  They studied how people tend to intensify, de-intensify, hide or mask their emotions according to social and cultural rules. 

In this work we go more into some of these rules, focusing on whether one displays one’s emotion or not, and not taking into account, at least for now, the subtility of more or less intense display, nor, a fortiori, of the masking and other cases of deception on the felt emotion. (Avoiding to show one’s emotion may be viewed in fact as a minor form of deception, in that it only implies omission, not deliberate concealing or misleading). 

We start from this question. Suppose I am feeling a quite strong emotion: on what basis will I decide whether to display that emotion or not? What factors determine if an Agent that is feeling an emotion will display it or not? In our view, this depends on the one side on the very nature of the emotion felt (emotional nature) and on the other side, on the interaction of several contextual factors (scenario factors).

1. Emotional nature 

1.1. Emotion intensity

1.2. Emotion valence

1.3. Emotion social evaluation

1.4. Emotion Addressee

2. Scenario Factors

2.1. Agent's Display motive

2.2. Agent's personality

2.3. Interlocutor’s features

2.4. Agent - Interlocutor Role relationship

2.5. Agent - Interlocutor Personal Relationship

2.6. Type of social interaction

Let us see them in detail.

Emotional Nature

3.1.1 Emotion Intensity

The intensity of the emotion, low, medium or high, may affect the likeliness of display.

3.1.2 Valence

Emotions may be either positive or negative, in that feeling them may be pleasant or unpleasant. Emotions are a monitoring device of the achievement or thwarting of our important goals: as a goal is achieved we feel a pleasant emotion, while a thwarted goal triggers an unpleasant one so the values of this parameter are positive or negative. An Agent may not be equally prone to display positive and negative emotions.

3.1.3 Emotion social evaluation

Another relevant factor in the proneness to share emotions is the social evaluation to which the emotion is subject. Shame and envy are shown very seldom: shame is not, probably, because displaying one's shame lets other people understand your faults; envy because it is a sanctioned emotion, different, say, from jealousy, whose exhibition is approved, since it is seen as a symptom of love. Then, whether an emotion is socially approved or sanctioned determines its being more easily displayed or not. 

3.1.4 Emotion Addressee

We may distinguish social vs. non-social emotions. Some (say, love or sense of guilt) are intrinsically social emotions in that they are necessarily felt “towards" another person, while others (e.g., fear or anger) are not. I may be afraid not only of a huge man (social fear) but also of a storm or of the lighting (non-social fear); I may be angry at my husband (social anger) or simply angry because it rains (non-social anger). Then, fear and anger are not intrinsically social, while envy is. 

In Elliott's list [4], the positive emotions of Joy, Hope, Satisfaction, Relief, Pride, Like are non-social, while Love, Gratitude and Gloating are intrinsically social. Among the negative ones, Distress, Fear, Fear-confirm, Dislike, Anger, Remorse, Disappointment, Shame are non-social, while Sorry-for, Jealousy, Reproach, Envy, Resentment and Hate are intrinsically social.

As far as the display is concerned, an important factor for social emotions is whether the emotion to display is felt towards the interlocutor or towards a third person: it is easier for me to tell you that I contempt a third person than to tell you I contempt you! This is why we distinguish 1. Social vs. Non-social emotions, and 2. among social ones, whether the Addressee of the Emotion is the Interlocutor of the display (I) or another Agent (O = Other).

3.2 Scenario Factors

3.2.1 Agent’s Display Motive

According to a biological view of emotions, we might assume that there is a default motivation to express emotions any time we feel them. But, while this might be true for animals, humans often have more specific and context-dependent reasons to display their emotions. We call Display Motive the reason (the specific goal) that induces us to display a particular emotion in a particular situation.

For instance: I come back from work, I am very angry because the bus was so late and I missed my favourite serial, so I cry out with my mother while coming home. But compare this with another case: the bus is being late, and I start complaining with people at the bus stop. In the two cases, the reason why I display my emotion is not the same. In the former, I just want to give vent to my emotion, whether or not somebody is there to hear about this; I do not necessarily want my mother to share my anger, nor to say: “Oh, you're right; city buses are really awful!": my display motive is just to give vent to it: I could also display the emotion if no one were at home). In the latter case, by expressing my anger I want the by-standers to get angry as I am against the bus management: I want them to feel the same emotion I am feeling. Here, the display motive is one of getting empathy from the other. In other cases, I display my emotion expecting other to console me, to give me advice, to help me, to pity me, to reassure me about my feeling that emotion, or to provide me with an objectivation, so to let me better understand myself.

Now, the vent Display Motive has a quite egocentric point: the Agent's goal is just to give vent to the physiological energy caused by the emotion, but without needing another person to cause this process. In this case, the display might not even be a communicative behavior, since the presence of another person is not necessarily needed for the venting process to occur. Therefore, we call this a “non-social" display motive.

In all other cases, instead, the reason why the Agent displays the emotion explicitly mentions another person: the Agent does in order to be consoled, helped, reassured..., in a word to induce the other to do something to intensify or attenuate the Agent's Emotion: addressing the other is necessary, for the Agent, to achieve some particular change in its own emotion. If someone consoles me, my emotion of sadness gets lowered, that is, there is an effect on my emotion caused just by the other's action: these are “social display motives".

There are, finally, cases where I need the presence of another person to display my Emotion, but not to obtain that the other does something for my emotion, but in order to other goals, for which expressing an emotion may be a means. Sometimes, I confide a sad experience to a person in order to show her she's not more unlucky than others, or to show her that I can understand her sadness or to reassure her it is not that strange to feel that emotion. I may share an emotion in order to resume friendship or to strengthen relationships, or show a person that I admire him either to strengthen his self-esteem or to adulate him. In these cases, the emotion is displayed taking the other person into account, but not so much with the goal of causing some change in our emotion, rather to use the emotion sharing instrumentally for other social actions (either selfish, as in adulation, or altruistic, as in the remaining cases) with that person. We call these “social instrumental display motives".

The Display Motive interacts with the Emotion Valence in determining the actual display of an emotion. I may want to get empathy, consolation or help for distress or sadness, while I can expect empathy but not consolation for joy. The values of this factor form a non-exhaustive list. Examples are: vent, empathy, consolation, advice, help, reassurance, objectivation…

3.3 Agent’s Personality

Of course, a crucial factor in the displaying of emotions is the Agent's Personality. An impulsive person will tend to display emotions more often than a shy or ruminative person. The values we distinguish are: impulsive / non-impulsive.

3.4 Interlocutor’s Features

In determining whether to display an emotion or not, the Agent also takes into account the features that s/he attributes to the Interlocutor, which again interact with the factors above. The relevant features taken into account in our view concern the Interlocutor's personality and its cognitive capacity (comprehension, experience and problem solving skills).

3.4.1 Personality

The Interlocutor's Personality (as perceived by the Agent) mainly interacts with the Agent's Display motive: if I look for empathy and participation, but I think  you are a cold and egocentric person, I will not probably display my emotion to you. It also interacts with the specific emotion to display: I will not show afraid to an apprehensive person, nor my joy to an envious person (unless I hate him, which is captured by Agent-Interlocutor Personal relationship factor below).

This is also a non-exhaustive list. Some examples are: envious, modest, egocentric, altruist…

3.4.2 Cognitive capacities

We may take into account at least three kinds of cognitive capacities, in “deciding" whether to display our emotion: i. comprehension, ii. experience, and iii. problem solving, all with possible values yes or no.

3.4.2.1 Comprehension.

Sometimes we are loaded with an emotion, but we do not share it with another person because, as some people say, “she couldn't understand". Since emotions are caused by (real or imagined) events, in communicating an emotion one may in principle provide information 1. about the emotion felt (say, its physiological or psychological aspects: “My heart was beating", “I felt upset..."); 2 about the event that caused the emotion (“He invited her, and not me!"); 3. about the causal link between the event and the emotion (“I felt very jealous, because he invited her!"). Symmetrically, in order to say that our interlocutor has cognitively understood an emotion display, one could say that s/he must have understood 1. what specific emotion it is, 2. the specific circumstances of the event, and 3. the causal link between event and emotion. But sometimes our interlocutor may not have sufficient comprehension capacities to understand the real point of our sharing. 

As for 1. we may assume that basic emotions (fear, anger, sadness, joy...) are understood even by a child, but with more sophisticated ones (say, awe or gloating) a child may not understand their subtle nuances, which will probably prevent display. In other cases, especially for point 3., an adult may not be acquainted enough with me (that is, share enough knowledge) to understand why that event has caused me to feel that emotion (if you don't know I love him, you cannot understand why I am jealous of her).

3.4.2.2 Experience.

Among the cognitive capacities of the Interlocutor, his/her previous experience of similar emotions may interact particularly with our display motive: if I want you to empathise with me, I may think you can not unless you have undergone a similar experience. This is why, for instance, a woman may be more prone to share the emotions linked to motherness with others who are mothers too, rather than to women who have not had this experience.

3.4.2.3  Problem solving.
The Interlocutor’s problem solving capacity becomes relevant only with the display motive of getting help or advice. If I display my emotion to ask for concrete help, I will not if you are not clever enough to help me or give me the right advice.

3.5 Agent-Interlocutor Relationship 
3.5.1 Role relationship.

An important factor determining whether emotion display will occur or not is the Role Relationship between Agent and  Interlocutor, namely their power and intimacy relationship. I may not display my anger to my boss for two reasons: if I am angry at him, I will not because he has power over me and can retaliate; if I am angry at another person he does not know, I will not because having no intimate relationship with me he doesn't care my personal affairs. I may not tell my mother I love a married man because for her role of mother she might blame my emotion.

For the sake of simplicity, the values we count here are: neutral, Ag has power over I, I has power over Ag.

3.5.2 Personal Relationship.

Not only role relationship between two persons, but also their personal affective relationship lead to display emotions or not. Suppose I want to express my pride for some achievement but my Interlocutor is envious, and I love him, I won't tell my pride; if I hate him, I will blatantly show it. Or suppose my three years old child has just cut a precious suit to make me a present: I am angry at him, but I'll not show it.

The Personal Relationship Factor implies four values: A aggressive to I, I aggressive to A, A adoptive to I, I adoptive to A (with adoptive meaning that X has the goal that the goals of Y are fulfilled, [1]).

3.6 Interaction context

The last important factor in the regulation of emotions is whether interaction occurs in public or not, which mainly interacts with the Agent's personality: the more impulsive you are, the more you are likely to display emotions even in public. The values here are private vs. public interaction.

4. THE AGENT BEHAVIOR PLANNER

Our goal is to build a system that passes through the following steps: triggering an emotion, “deciding” whether to express it or not, and, if the decision is to express it, doing it in different modalities: through verbal discourse, emotional voice or facial expression.

The architecture of a such system is the following. The input to the system are the Agent’s Personality (to be modeled in other works), which determines the Agent standing and current goals, and at the same time the (real or imagined) existence or occurrence of an Event, Object or Action. This input is first processed by the Emotion Triggering rules; if from their operation an Emotion is triggered, it goes to a module called Hamlet, that takes as input the Emotional Nature Factors and the Scenario Factors, and applies the regulation rules to them, so as to decide whether the emotion should be displayed or not. If the decision is to display it, the System posts the emotional content to be expressed to the Planner and then to the Goal-Media Prioritizer which, testing the physical Context and the availability and effectiveness of different modalities, plans how to express the emotion.

4.1 Triggering and regulation rules
Based on the input of the Agent’s standing and current goals, confronted by an Event, Object or Action, the triggering rules fire the appropriate emotion. The general structure of these rules is the following:

IF DC-Cond THEN (Feel Ag e),

where:

· DC-Cond represents a condition on the context and/or the domain, 

· Ag denotes the agent that is conveying the signal; 

· e denotes an emotion;

· Feel is a predicate which applies to the two previous terms, to denote that 'the Agent Ag feels the emotion e'. For social   emotions, it applies to three terms: the Agent, the emotion, and the one to whom the emotion is addressed (either I = Interlocutor or O  = Other, if it is addressed to an Agent different from both Ag and I).

Some quite schematic examples:

IF   ((Desirable-Event Ag Focus(ni)) OR 

     (Pleasant-Object Ag Focus(ni)))

THEN (Feel Ag Joy)

IF   (Desirable-Event Ag Focus(ni)) OR 

     (Unpleasant-Object Ag Focus(ni))) THEN (Feel Ag Distress)

IF   (Focus(ni) act) AND (Undesirable act) 

      AND (Performed I act) AND 

     (Blames Ag I act)) 

THEN (Feel Ag Anger)

Once an emotion has been triggered, the Hamlet Module is activated, to decide whether the emotion should be displayed in the given context. This decision is made by considering both Emotional Nature Factors and Scenario Factors, combined together to issue the regulation rules.

The general structure of a regulation rule is the following:

IF   (Feel Ag e) AND DC1-Cond  

THEN (Display Ag e), or

IF   (Feel Ag e) AND DC2-Cond 

THEN  NOT (Display Ag e).

Some examples of regulation rules are the following:

IF   (Feel Ag Joy) AND (Envious I) AND 

     (Adoptive Ag I) 

THEN  NOT (Display Ag Joy)

If I am happy, I may not display my happiness to a friend who is usually envious.

IF   ((Feel Ag Distress) AND 

     ((Display-Motive Ag Help) OR 

     (Display-Motive Ag Consolation) OR 

     (Display-Motive Ag Empathy)) AND 

     (Selfish I))  

THEN NOT (Display A Distress)
If I am looking for consolation or help, I will not display my distress to a guy I know is selfish or non-empathic.

       IF   (Feel Ag Fear) AND (Apprehensive I) 

         AND (Adoptive Ag I)   

   THEN  NOT (Display Ag Fear)
If I am frightened, I will not display my fright to an apprehensive friend, not to make him worry.

We can also derive some common rules from the generalization about emotions sharing the same emotional nature. For example, for any Positive Approved Social Emotion (PASE) that Ag feels for O, if Ag is adoptive of I but I is aggressive to O, Ag will not show the emotion.

IF   (Feel Ag O e) AND (PASE e) AND 

     (Adoptive Ag I) AND 

     (Aggressive I O) 

THEN NOT (Display Ag e)

If I admire John while my friend hates him, I may decide not to tell my friend.

Again, for all emotions, if Ag’s personality is non-impulsive, and the type of social interaction is public, there will be no display.

IF  (Feel Ag ALL) AND 

    (Non-Impulsive Ag) AND 

    (Public Social Interaction) 

THEN NOT (Display Ag ALL)  

4.2. Planner and Goal-Media Prioritizer
If the Hamlet Module decides the Emotion has to be expressed, the Agent Communicative Planner produces a communicative plan according to the Agent’s Communicative Goal and Display Motive. A plan is produced, by a planning algorithm, from a library of plan operators or it may be retrieved from a library of plans representing a set of recipes for achieving particular domain goals [2]. In both cases, the output is a plan tree that defines the content and order of information to be conveyed in the discourse, including affective information. 

In our case, the planner uses a library of non-instantiated plans, represented in XML according to the DPML specification [2], to select the one that satisfies the posted goal. If such a plan is not available in the library, the planner builds it by appropriately combining the existing plans. The generic plan is, then, instantiated by filling the variable-slots with domain data. 

Once the plan has been computed, it is delivered, as an XML document, to the Goal-Media prioritizer [2], a module that revises the plan by deciding the type of non-verbal signals to employ at every conversation step, their combination and their synchronization with verbal communication.

This is done according, again, to the context and also to the type of body that has been chosen for the Agent. The output of this module is an XML structure that represents the final presentation plan, where the media have been instantiated and, when necessary, synchronized or linearized.

When the Goal - Media Prioritizer has selected the appropriate output form (2D/3D model, audio, text...) based on the available media and system applications, the XML tags are interpreted and translated into parameters to drive the given output signals. At the moment we are concentrating on the animation of a 3D facial model. The XML tags are converted into MPEG-4 facial parameters that drive the final animation.

5. CONCLUSION

In this work we have presented the architecture of a Reflexive Agent: an Agent who thinks it over before displaying its emotions; that is, an agent who, when feeling an emotion, ''decides'' whether to display it or not. We have also defined the different elements on which this ''decision'' is based (emotional nature and scenario factors). Our discourse generator embodies these elements to plan the verbal and nonverbal part of a discourse that satisfies a given communicative goal. Two sets of rules are considered. The triggering rules that fire an emotion are based on Elliott's work. The regulation rules are a set of rules that make the agent a reflexive agent. In the future we are planning to look at how to distribute over the media the signals that constitute the display of an emotion. For example the emotion Anger might potentially be displayed in at least one of three different ways, or, if very intense, in all three of them: verbally (for instance by saying "I am angry at you!"); vocally (with a loud or high pitch voice), and facially, (tense lips and angry frown).

REFERENCES

[1]  Conte, R., and Castelfranchi, C., Cognitive and Social Action. London, London University College, 1995.

[2]  De Carolis., B., Pelachaud, C., Poggi, I. Verbal and nonverbal discourse planning. In the Proceedings of International Agents 2000 Workshop on Achieving Human-Like Behavior in Interactive Animated Agents. Barcelona, 2000.

[3]   Ekman, P., and  Friesen, W. Felt, false, miserable smiles. Journal of Nonverbal Behavior, vol. 6, 4, 238-251, 1982.
[4]   Elliott, C. An Affective Reasoner: a process model of emotions in a multiagent system, Technical Report No. 32 of The Institute for the Learning Sciences Northwestern University,1992.
[5]  Gratch,  J. "Emile: Marshalling Passions in Training and Education," in Proceedings of the 4th International Conference on Autonomous Agents, Barcelona, Spain, June 2000.

[6]  Marsella S., Johnson, W.L., LaBore, K. Interactive Pedagogical Drama.  Proceedings of the 4th International Conference on Autonomous Agents, Agents 2000. 

[7]  Ortony, A., Clore, G., L., and Collins, A. The Cognitive Structure of Emotions. Cambridge University Press, 1988.
[8]   Pennebaker, J.W. Confession, inhibition and disease. in L.Berkowitz (Ed.), Advances in Experimental Social Psychology 22. Orlando, FL.: Academic Press,  1989, 211-244.

[9]   Picard, R. Affective Computing, MIT Press, 1997.
[10] Prendinger, H., and Ishizuka, M. "Social Role Awareness in Animated Agents", Fifth International Conference on Autonomous Agents, Montreal, 2001.

[11] Rimé, B. Le partage social des Emotions. in B.Rimé et K. Scherer (Eds.), Les Emotions. Genève: Delachaux et Niestlé, 1987.

[12] Rimé, B., Philippot, P., Boca, S. & Mesquita, B “Long-lasting cognitive and social consequences of emotion: Social sharing and rumination”. European Review of Social Psychology, 3, (1992) 225-258.



























































































PAGE  

