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Abstract One of the main challenges is to give life to believable virtual characters. Research shows that emotions and social relations, closely related, play a key role in determining the behavior of individuals. In order to improve the believability of virtual characters’ behavior, we propose in this article a method to compute virtual characters emotions based on attitudes and a model of their influence on the dynamics of social relations. Based on this work, a tool aiming at the simulation of the evolution of emotions and social relations of virtual characters have been implemented.



1. Introduction To create believable emotional virtual character, we face two different challenges. First, one has to identify in which circumstances which emotions should appear. Second, one must determine how these emotions alter the agent’s social relations with other, and, by side effect, its social behavior. Several researchers have proposed to model the social context of virtual characters to increase their believability [1,2,16]. However, the models of social context in existing work are generally static. Researchers have mainly focused on the impact of social context on virtual character’s behavior. Few researchers propose a model of the dynamics of social context, which requires to take into account the impact of emotions on social relations. In this paper, we propose a model of the dynamics of character’s social relations based on both the emotions of the character and those expressed by its interlocutor. Much work has been done on the modelling of triggering conditions of emotions. Most computational models are based on the well-known OCC model [13]. In this model, a set of simple rules, which can be easily implemented, is proposed to identify which emotions are triggered in which situations (described in terms of goals and beliefs). Based on this approach, in different computational models of emotions proposed, the triggering conditions of c 978-1-4244-4799-2/09/$25.00 2009 IEEE



emotions are described in terms of particular configurations of beliefs and goals [6, 8]. However, the models, based on the agent’s beliefs and goals, is difficult to apply in generic virtual agent’s design tools, such as for example in the context of a game design environment. Indeed, game designers should determine and explicitly (and formally) represent virtual characters’ goals. This task is itself a difficult problem, even for experts in knowledge representation and Artificial Intelligence, in particular when it is necessary to take into account unpredictable actions of a player and the large amount of virtual characters that may do various and rich actions. This is why we propose in this article an adaptation of the OCC model based on attitudes of virtual characters towards actions, objects and other characters of the environment. Although attitudes toward objects and actions are defined manually, the interesting aspect is that attitudes toward characters can be derived directly, during game execution, from the social relation. Moreover, default attitudes can be defined for objects and actions to avoid the programmer to define everything by hand. The paper is structured as follows. In the next section, our model for modeling the virtual agents’ knowledge representation model, which serves as a basis for our appraisal model for emotions, is introduced. Section 3 presents the appraisal process itself as an attitudebased model of emotions. Section 4 describes our emotionbased model of the dynamics of social relations. Section 5 quickly presents the implementation of these models as a tool for the simulation of the evolution of emotions and social relations of virtual characters. Section 6 concludes.



2. Knowledge representation In order to appraise emotions triggered by events, a formal representation of the virtual world and events has to be defined. This section presents a voluntarily simple knowledge representation model that can be handled by non-AI specialists to design virtual agents, e.g. in game design environments.



2.1. Attitudes Let P be the set of virtual agents, O the set of objects (as opposed to agents) and A a set of possible actions upon objects or agents. We note E the set of all entities: E = P ∪ O ∪ A. For each agent agt ∈ P, we define its set of attitudes (i.e. its positive or negative state of mind with respect to each element x ∈ E) using two functions: 1. attitude : P × O → [−1, 1]: the value -1 corresponds to the situation in which the character strongly hates the object; 1 represents uncontrollable love1 ; 2. praise : P × A → [−1, 1] defines the attitudes toward possible actions. praise(x, a) = −1 means that x considers the action a as blameworthy (i.e. totally in contradiction with his/her moral principles), whereas praise(x, a) = 1 when he/she considers that the action is highly praiseworthy2 . In addition, we associate to each action a ∈ A an effect ef f ecta ∈ [−1, 1] which represents the impact upon the object or agent that undergoes the action. Note that unlike attitudes, which are subjective, the effect of an action is defined independently from any character3 . Thus, it takes the same value for all characters. For instance, all characters consider that the “Kill” action has an extremely negative impact on the casualty (ef f ectkill = −0.9). In future work, we can consider automated reasoning on knowledge representation to automatically infer dynamic attitudes in context for actions and objects.



2.2. Events Our event representation model is inspired by Sowa graphs [18], in which actions are at the core of the world’s description and are linked to other entities using roles. In our model, we consider two roles: “Agent” (the individuals that participate actively to the action performance) and “Patient” (the individuals that undergo the action). Each event evt in our model is thus represented by a 4-uple hagent, action, patient,√ dci with: - agentevt ∈ P ∪ {X, } is the agent that performs the action. The value X represents the fact that the event’s recipient does not know who is responsible for this action (e.g. √ “someone stole the treasure”) and is used for events that do not require an agent (e.g. in the event “Bob is dead” the action “to die” applies to the patient ”bob” without the intervention of any agent); 1 We will see in section 4 that the attitude toward other agents is computed automatically in our model: it corresponds to the degree of liking, as defined in the social relation. The attitude toward other objects must however be defined by the system’s designer. 2 Note that, unlike the action effect (which is given from an objective point of view), the praiseworthy aspect of an action is defined from a subjective point of view for each character, since it depends on the sociocultural context 3 However, the action is evaluated depending on the characters’ attitudes toward the patient and the subject of the action (as described Section 3).



- actionevt is the action of the event. In the above example (“Bob is dead”), action = being dead; - patientevt ∈ P ∪ O is the agent that undergoes the action. In the example “Bob is dead”, Bob is the patient of the action (it has no power on its execution); - dcevt ∈ [0, 1] is the degree of certainty of the event for the recipient. We use dc = 1 to represent situations in which the agent that receives the event is certain that the event occurred (when it witnesses or participates directly in the action). dc ∈]0, 1[ represents the situation in which the agent estimates that the event is more or less credible, e.g. because it has been related by an unreliable interlocutor. dc = 0 represents the fact that an event previously considered as “possible” by the character did finally not occur. The main difficulty in event modeling is that the model does not generally corresponds to the direct transcription of the natural language utterance, because it must take into account pragmatics of the situation interpreted by the character. For instance, if we consider the situation in which Bob is alone facing a vicious Troll handling a battle-axe, the event is not only < Bob, see, V iciousT roll, 1 > (“Bob sees the vicious Troll”) but also and before everything < V iciousT roll, kill, Bob, 0.7 >, i.e. Bob thinks that he is going to be killed by the vicious Troll (and he is sadly rather certain about this).



3. Attitudes-based model of emotions Our representation of emotions is based on the OCC model [13] and more particularly on the simplification proposed by one of its authors [12] in which 10 emotions are considered according to their triggering conditions: joy (resp. distress) caused by a desirable (resp. undesirable) event; hope (resp. fear) caused by an expectation of a desirable (resp. undesirable) event; relief (resp. disappointment) caused by a disconfirmation of an expected undesirable (resp. desirable) event; pride (resp. shame) following a praiseworthy (resp. blameworthy) action done by the agent; and admiration (resp. anger) following a praiseworthy (resp. blameworthy) action done by another agent. We propose to represent each emotion by a variable with a value varying in [0, 1]. The set of emotions of a character i at a time t is then represented by a vector. In our work, we distinguish 2 different emotional vectors: (1) the emotions triggered by an event (noted e di (evt) for character i for event evt) that depend mainly on the emotional charge associated to the event; and (2) the emotions expressed by character i at time t (noted e expi (t))4 . Based on the description of emotions in the OCC model, our approach to compute virtual character’s triggered emotions consists in a simple method using virtual characters’ atti4 These two vectors may be different since a character may decide to express emotions different from its felt or triggered emotions [14]



tudes towards the different elements and possible actions of the environment (Figure 3). A desirable event (in OCC



shame, admiration, or anger depends mainly on the degree of praiseworthy/blameworthy of the action (that is represented in our model by praise(i, action)). By default, we use an average (noted av) of the variables to compute the intensity of the emotions. For instance, the intensity of joy of the character i triggered by an event evt is computed such as: (joy)



e di



(evt) = av(|attitude(i, patient)|, |ef f ectaction |)



Figure 1. Rules on triggered emotions for character i following event < agent, action, patient > or < action, patient >



point of view) for a character i may correspond to two different cases: (1) an event with an action that has positive or neutral effect (effectaction >= 0) on a appreciated patient (object or character) (attitude(i, patient) > 0), for instance < eat, cake >, or, (2) an event with an action that has negative effect (effectaction < 0) on a patient that is not appreciated (attitude(i, patient) < 0), for instance < throw, garbage >. According to the OCC model, such events trigger joy emotion when they occur (dc = 1), hope when the events are uncertain (dc ∈]0, 1[) and disappointment when they do not occur but were expected (dc = 0). Reciprocally, an undesirable event corresponds to an event with an action that has positive or neutral effect on a patient not appreciated (for instance < eat, garbage >) or with an action that has negative effect on an appreciated patient (for instance < throw, present >). Such events trigger distress, fear or relief. Moreover, depending on the degree of certainty of the event, on the actor of the event and the praiseworthy aspect of the action, based on the OCC model, the event may also trigger an emotion of pride, admiration, shame or anger (Figure 3). Concerning the intensity of emotions, according to the OCC model, the intensity of the emotions of joy, distress, relief, disappointment, hope, or fear is positively correlated to the degree of desirability/undesirability of the event and to its probability of occurrence (in the case of hope and fear). In our model, the degree of desirability is computed based on the effect of the action effectaction , the attitude toward the patient (attitude(i, patient)) and the probability of the event occurrence (which corresponds to the degree of certainty dc)5 . In the same way, the intensity of pride, 5 In



the case of disappointment and relief, the OCC model suggests to



Figure 2. Impacts of attitudes on intensity of triggered emotions



4. Emotions-based model of the dynamics of social relations In computational models of social characters, social relations are generally represented by a finite set of variables. Each of them characterizes a specific dimension of a social relation between two agents (virtual or human). No consensus exists on the type and number of variables required to model social relations. However, the literature seems to outline four main social variables: the degree of liking [7, 15, 16] one has for another6 ; the dominance [7, 15, 16], i.e. the power that an agent can exert on another agent; the solidarity [2], a.k.a. social distance [3], is sometimes used [1], which can be defined as the degree of “likemindedness” or having similar behavior dispositions (e.g. similar political membership, family, religions, profession, gender, etc.) [2]; the familiarity may be used to characterize the type (private or public) and number of information exchanged between two agents [2]. These variables are those proposed in the dimensional model of interpersonal relations of Svennevig [19]. Based on this literature, in our model, we consider these four social variables to represent a social relation. Formally, the relation of character i with character j, from the point of view of i, at time t is foruse the degree of certainty of the event which does not occurred and the effort realized to avoid or enable the occurrence of this event. These elements are not taken into account in our model because they depend on the virtual characters’ behavior model and memory 6 The term attitude is sometimes used to refer to the degree of liking.



mally represented by a quadruplet social relationi,j (t) = hliking, dominance, f amiliarity, solidarityi7 . Research shows that, during an interaction, one’s emotions and those of his/her interlocutor may lead to a change in their social relations [5, 11, 17]. For instance, [11] shows that the degree of liking one has for another depends on the valence (positive versus negative) of the emotions induced by the latter [11]. Thus, we model that a positive (resp. negative) emotion of i caused by j induces an increase (resp. a decrease) in the degree of liking i has for j. Concerning the dominance, [9,17] show that pride and anger are the expression of an increasing feeling of dominance whereas shame, distress, and admiration correspond to an inferior status. Consequently, we can model that emotion of pride or anger of i caused by j induces an increase in the dominance value that i thought to have on j. Conversely, an emotion of fear, distress, admiration, or shame of i caused by j infers a decrease in the dominance i thought to have on j. Moreover, in [10], expression of distress or fear reflects a low value of dominance. Finally, some types of emotions expressed by someone affect the dominance value of the person who perceives it. We can model that the expression by j of an emotion of fear or distress induces an increase in the dominance of i8 . For the solidarity, according to [5], negative emotions caused by another person leads to a decrease in the solidarity value whereas the triggering of positive emotions does not modify this value. We model that a negative emotion of i caused by j induces a decrease in the value of solidarity that i thought to have with j. Moreover, [9] shows that the expressed emotions reflect a person’s mental states and then indirectly his/her goals, beliefs, expectations, plans, etc. Consequently two individuals expressing similar emotions in reaction to a same situation should feel more in solidarity9 . Inversely, expression of opposite emotions may lead to a decrease of solidarity. Then, in our model, an incongruence (resp. congruence) may lead to a decrease (resp. increase) in solidarity. If the triggered emotion of i is joy or hope (and is not caused by j) and j expressed emotion of the same type, the solidarity increases. Concerning familiarity, in the literature, emotions seem to not have a direct impact on the familiarity (i.e. on the degree of confidentiality of the information transmitted by a person). However, research shows that one confides more in another when the former likes the latter [4]. Therefore, we model that the more the character likes another one the more it will transfer a confidential information to it. This mechanism depending on the implementation of the virtual character’s behavior is not presented in this paper. 7 Social relations are not necessarily symmetric: ∃i, j social relationi,j (t) 6= social relationj,i (t) 8 Consequently, if the event triggers fear or distress for i and j with the same intensity the dominance of i on j will not change. 9 This phenomena may differ from empathy since it may only reflect similar goals or plans



More formally, to update the social relation, we first introduce a function f that takes as inputs the emotions of i triggered by e (e di (evt)) at time t and those expressed by its interlocutor j at the same time (e expj (t)). The output of this function is a vector representing the variation of the social relation given these emotions (∆SocialeRelationi,j (t)). This function increases for each dimension of ∆SocialeRelationi,j (t) in relation to each dimension of the emotional vectors e di (evt) and e expj (t) (apart from the solidarity which increases when the emotions are similar), and returns a null vector when the emotional vectors are null. We introduce another function gsr that takes as input the current social relation social relationi,j (t) of the virtual character with its interlocutor and the vector of the social relation’s variation returned by the previous function f (∆SocialRelationi,j (t)). g returns the updated social relation. g is increasing and has a low slope on 1 and −1 to represent the fact that the social relation is hard to alter when on the extremes. For instance, a sinus-based function can be used. Finally, a function ϕsr takes as input three vectors representing respectively the current social relation of the virtual character with its interlocutor, its triggered emotions, and those expressed by its interlocutor. It returns the updated social relation.



5. Implementation and Experimentation 5.1. Implementation Our model has been implemented in Java as a tool that enables virtual agent designer (not necessarily expert in Artificial Intelligence or Knowledge Representation) to simulate the impact of a scenario on virtual characters’ emotions and social relations. For each virtual character, an interface can be used to define initial values of social relations and attitudes. A frame, associated to each virtual character, enables one to visualize the dynamics of its emotional state and of its social relations with other characters of the scenario, and the history of its triggered emotions (Figure 4). An interface of the vocabulary is used to visualize and modify the lists of objects and actions defined in the scenario, the default attitudes of characters towards the objects,and the effects and the praiseworthy aspect of the actions by default. The interface of the events enables ones to visualize and modify the events defined in the scenario by a quadruplet hagent, action, patient, dci, and characterized by a date, eventually a speaker and receptors (characters that receive the information or perceive the event) (Figure 3).



5.2. Experimentation To illustrate our model and our tool, we have tested it with a simple scenario that we have imagined, inspired by



Figure 3. Interface of the tool



adventure games such as Farenheit. The context of the scenario is a police interrogation (a burglar facing a policeman) at the police station. After a break-in in a jewelry, the police arrested the burglar but the loot is missing. The policeman wants the burglar to confess where the money and the jewels are hidden: 1. Policeman : The facts are not in your favor, you know. Ten people saw you threaten the manager with a weapon 2. Burglar : So, what do you want? 3. Policeman : You know, I’m not a bad guy...(the policeman is preparing a cup of coffee) 4. Policeman : Do you want some coffee? (the policeman offers a cup of coffee to the Burglar) 5. Policeman : ...I know that your child has been kidnapped. Same thing happened to me last year, I had to negotiate with those b*** I know what it is (expression of distress) 6. Policeman : I want to help you. Just tell me where you hid the money 7. Burglar: I need this money to save my child! 8. Policeman : We have received new information about the kidnappers. We know where your kid is being kept 9. Policeman : Tell me everything and I’m sure I can find a solution to avoid you going to jail. We have tested this scenario on the virtual character burglar. At the beginning of the interaction, we suppose that the burglar is submissive related to the policeman (the initial value of dominance is −0.3) and dislikes him (the initial value of liking is −0.5). The dynamics of the burglar’s emotional state and social relation are illustrated Figure 4 and 5. The first utterance, encoded in the scenario as event



Figure 4. Dynamics of the burglar’s emotional state .



Figure 5. Dynamics of the Burglar social relation with the Policeman.



< policeman, arrest, burglar, 0.8 >, triggers an emotion of fear for the burglar because the effect of the action arrest is negative (−0.8), because the burglar has a positive attitude toward himself (0.3), and because the event is uncertain (0.8). This emotion of fear induces a decrease



of the degree of liking the burglar has for the policeman. The preparation of the coffee (third utterance), which corresponds to the expectation of a desirable event for the burglar who has a positive attitude toward the coffee (0.4), triggers hope emotion. This emotion induces an increase of the degree of liking toward the policeman. The intensity of the emotion depends on the value of the attitude and the degree of certainty of the event (0.4). Consequently, the joy emotion triggered by the fourth utterance is lower that the one triggered by eighth utterance. An emotion may also be triggered by the retrieval of a desirable or undesirable event, as illustrated utterance 5: this utterance triggers distress with a high intensity for the burglar. But, since the policeman is not responsible for this negative emotion (he is not the kidnapper), the event has no impact on the degree of liking. On the contrary, the congruence of the triggered emotion of the burglar and the emotion expressed by the policeman (expressing distress) induces an increase of the solidarity and, by side effect, of the degree of liking. Moreover, because of the burglar’s expression of distress, its dominance decreases.



6. Conclusion In this paper, we have proposed a model to compute virtual character’s triggered emotions based on its attitudes and a model to determine the dynamics of its social relations depending on these triggered emotions. These model have been used to construct a tool which can be used easily by non-expert in Artificial Intelligence to simulate virtual characters’ emotions and social relations. Though this paper focuses on the emotional level, this is not the final objective of this work. The benefits of our models should indeed appear more clearly when its integration in a full model with action selection and behavior control will be completed and tested.
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