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Abstract. In order to improve the consistency of their affective multimodal 
behaviors, interactive virtual agents might benefit from a model of personality 
inspired from psychology. In this paper, we revisit the different approaches 
considered in personality psychology. We show that previous efforts to endow 
virtual agents with personality made only a limited use of these approaches. 
Finally, we introduce our PERMUTATION corpus-based framework.   
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1   Introduction 

An interactive virtual agent is a human-computer interface in which an animated 
character displayed on the screen combines several human-like modalities such as 
speech, gesture and facial expressions. Using an interactive virtual agent is expected 
to lead to an intuitive and friendly interaction since it uses communication modalities 
that we all use every day. Researchers recently focused on how such virtual characters 
should express affective states across modalities and how that would be perceived by 
human subjects [1, 2, 3, 4]. 

In order to improve the consistency of their multimodal expressions of affects, 
interactive virtual agents might benefit from a model of personality inspired from 
psychology. This perspective raises several questions: how should affects and 
personality interact in the specification of the multimodal expression to be displayed 
by the virtual character? What are the relevant psychological models from which we 
can inspire from?  

The first section of this paper surveys the different approaches to personality 
psychology to explain their interests and their limitations in terms of virtual agents. 
The second section shows that, although several attempts have been made to endow 
virtual characters with personality, current virtual characters are still limited when 
compared to the rich literature about human personality. The last section introduces a 
corpus-based framework to inform the expression of affective states in a virtual agent 
endowed with personality features. 
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2   Psychological Approaches to Personality 

One of the definitions of Personality [5] is “a set of organized, stable and 
individualized behaviors”. The goal of personality research is to try to describe, to 
explain and to predict this set. Today an integrative approach of personality is 
recommended. Six levels of analysis are proposed to provide a global overview of 
human personality: the trait-dispositional level, the psychodynamic-motivational level, 
the phenomenological level, the behavioral-conditioning level, the social cognitive 
level and the biological level. Each level provides a specific contribution to the general 
understanding of personality and behavior. These levels have been partly addressed by 
several major historical approaches that we describe below. 

The Lexical Approach 
The lexical approach to personality proposes to classify the terms of natural language 
that are used to describe and understand human qualities. It is based on the postulate 
that the frequency of a word used to describe people corresponds to the importance 
accorded to such words in human interactions. Factorial analysis has been employed 
in order to reduce and organize the thousands of adjectives into a smaller number of 
dimensions. Factorial analysis is applied to process interpersonal differences of the 
dispositional tendencies reported during self-assessments. The lexical approach 
enables to define constructs that have a relative temporal stability, a good predictive 
value, that are applicable to different cultures and that are socially important. These 
constructs correspond to “personality traits”. Rolland [6] defines traits as “coherent 
sets of cognitions, emotions and behaviors that demonstrate a temporal stability and 
cross situational consistency”. Such traits result from inferences and not from a 
directly observable reality. Personality traits are defined as general, durable, relatively 
stable, characteristics, used to assess and explain the behavior. Different models and 
psychometric tools based on the lexical approach have been developed: the Eysenck 
Personality Inventory, 16PF, and NEOPI R. 

Eysenck [7] described personality from the clinical descriptions of patients 
displaying psychopathological behaviors. He focused on Extraversion / Introversion 
and Neuroticism / Emotional stability. A third factor was present in his previous 
work: Psychotism. Each trait is bipolar. Eysenck developed a psychometric tool to 
assess personality: the Eysenck Personality Inventory (EPI). However Eysenck grants 
little importance to the impact of education in the development of personality and 
defends the idea that personality's factors are determined primarily by heredity. 

Cattell [8] wanted to identify all personality traits that an individual might possess 
out of language. From 4500 words describing personality, he established a list of 171 
words. He asked hundreds of subjects to assess whether they considered themselves to 
be well described by these words. He also asked other people to evaluate these same 
people. He identified 16 personality traits (16PF). However, some of these factors are 
strongly correlated and five factors of second order come out of these 16: 
Extraversion, Anxiety, Hardness / Intransigence, Independence, and Self-control. 

The Big Five model (FFM) proposed by Costa and McCrae describes personality 
with two levels. The facets propose a fine and accurate description of personality. A 
domain corresponds to a group of facets. The big five model identifies 5 basic 
dimensions through factorial analysis. Each dimension includes specific 
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characteristics of personality represented by adjectives on a bipolar scale and is 
composed of six facets which specify them. Neuroticism is defined as a system 
regulating avoidance behaviors [9, 10]. Its role is to preserve the organism of pain by 
anticipating and by activating surveillance behaviors. A subject with a high 
neuroticism score presents a very critical vision of herself. She also has the tendency 
to feel frequently and intensively a wide range of negative emotions. Extraversion is 
characterized as a system of regulation of approach behaviors. A high score on this 
trait reveals a strong sensitivity to pleasant stimuli and a tendency to feel frequently 
and intensively positive emotions. Openness to Experience results in broad and varied 
interests, a capacity to search for and to live new and unusual experiences. It is a 
system of regulation of reactions to novelty. A person who presents a high score 
manifests particular attention to his own emotional universe. Agreeableness refers to 
interactions with others and especially to the tone of relationship with others. It 
corresponds to a system of regulation of the balance in relations and exchanges. A 
high score corresponds to altruist individuals who worry first about the well-being of 
others and who have tendency to trust others. Conscientiousness relates to motivation, 
organization and perseverance in the conducts oriented towards a goal. A high score 
corresponds to a person who tends to set long-term goals, to organize her action and 
accepts the constraints bound to the satisfaction differed of the needs and desires.  

Studies revealed that there is a consensus among judges to characterize target 
individuals on certain traits (extraversion and conscientiousness). The characterizations 
of target individuals by judges tend to be convergent but also correspond to self-
descriptions of targets, even when the judges have minimum indications about target 
individuals [11]. 

Costa and McCrae elaborated the NEOPI R that is the most widely used personality's 
inventory. It includes 240 items, 48 by domain, 8 by facet. It was translated into several 
languages [12, 13]. The scores on personality traits found among young adults (of more 
than 30 years) are relatively stable with the advancement in age. Costa & McCrae [14] 
consider the traits as endogenous trends with a biological basis. According to Costa and 
McCrae, the model of Big Five represents the universal structure of individual 
differences. 

The goal of the Big Five model is to provide descriptive models to classify 
individuals according to their abstract dispositional trends and not to explain their 
behaviors. The significance of adjectives used in natural language is complex and it is 
relevant to describe them by their polysemy [15]: they can describe the behaviors, the 
states and evaluate the social utility of others. Lexical models attach little importance 
to the role of the environment in the implementation processes of personality. Finally 
these models are interested solely in the interpersonal differences. These criticisms 
led to two other currents of research. 

The Psychosocial Approach 
This approach sees in the expression of traits the description of the behaviors, the 
states and the evaluation of the social utility of others. Rather than considering a trait 
as the expression of an individual trends, this approach suggests to consider the trait 
as an act depends on the sense given to the situation : to say how we behaves, but also 
to express our value in social relationships and express our internal states. Two 
approaches characterize this current of research: 1) an approach centered on the value 
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of adjectives, and 2) an approach centered on the significance of the adjectives. Only 
the first approach will be presented here because it is more relevant for virtual 
characters since it enables to determine the representations which the subjects develop 
concerning the agents.  

According to this approach, the perception of individual differences is an 
evaluation of others and not a description of their supposed properties [16, 17] [18]. 
People do not judge others in order to describe them as accurately as possible, but 
instead in order to prepare an adequate interaction with them according to the utility 
that they represent. So people would develop a personality's implicit theory (TIP). 
Two dimensions of the values of adjective structure personality traits. The first 
dimension concerns approach vs. avoidance. We consider as positive everything that 
relates to approach and negative what relates to avoidance. The second dimension 
characterizes the skills, the power and the social status of people. Thus, adjectives 
convey information on people about their emotional (1st dimension) or social value 
(2nd dimension). 

Wiggins’ [19] proposes a circumplex model reporting the structure of interpersonal 
adjectives. Beauvois [20, 21] proposed social analysis that considers the value of a 
person as depending on her interpersonal relations or social relationships. Social 
desirability corresponds to the knowledge that people have about what is considered 
to be desirable in a society. Social utility refers to the knowledge that people have 
about the likelihood of success of a person in the social life according to her level of 
adhesion to the surrounding social organization. 

The Socio-Cognitive Approach 
Bandura [22, 23] aims to explain human conducts through the understanding of 
underlying mechanisms of individual actions. This approach attaches importance to 
the social context and the intra individual differences. It focuses primarily on how the 
individual selects, estimates, and processes information about others and about the 
world. It is about understanding the cognitive, emotional, and social processes that 
characterizes individuals. Three entries contribute to the development of this approach 
according to Cervone [24]: 1) a meta-theoretical framework that can organize 
research on the individual, 2) theories which study variables characterizing the 
architecture of personality and which enable predictions and evaluations at the 
individual level, and 3) theories focused on the demonstration of the dynamics and 
socio-cognitive processes that underlie a given phenomenon. CAPS (Cognitive-
Affective Personality Systems) is a cognitive and emotional model of personality 
[25]. It considers the beliefs and goals of individuals. Personality does not result from 
the sum of isolated and independent individual characteristics. It is therefore 
important to study the organization of these variables. This model considers that the 
person and the environmental situation are continually in interaction and influence 
mutually. It questions the lexical approach theories based on average behavioral 
tendencies. The CAPS model considers the variability in behaviors observed in 
different situations as being informative about the individual. However CAPS remains 
a conceptual framework and does not specify which variables are necessary to 
consider for modeling the structure of personality. The KAPA model (Knowledge and 
Appraisal Personality Architecture) attempts to answer this question. 
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The KAPA model by Cervone [26] distinguishes three types of mental contents 
depending on the direction of intentionality. Beliefs are directed from the mind 
towards the world. Goals are directed from the world towards the mind. A mental 
content is not true or false but reflects an intention to reach a future state. It serves as 
a criterion for assessing the quality of an entity. This is referred to as Evaluative 
standard. These types of mental content are involved in knowledge and 
appraisal:”Knowledge is an enduring structural feature of personality. Appraisals are 
dynamic personality processes. People possess vast repertoires of knowledge, but 
only a small subset is active at a time, and is thus potentially influential to appraisal 
processes”. 

3   Virtual Agents with a Personality 

Psychosocial Approach to Human-Computer Interaction 
Several studies considered how users build representation of their computers. Users 
apply to their computer some stereotypes of daily life. Gender stereotypes were 
observed: users trust more a machine endowed with a male voice and estimate that a 
machine having a female voice has higher relational skills [27]. Nass et al. [28] 
observed that standards of social utility and social desirability also applied to HCI. 
The performances of computers are judged as being superior when they are valorized 
by other computers that when it is the computer that welcomes itself. A computer 
which congratulates itself or which criticizes other computers is perceived as being 
less friendly than a computer which admires the others and which displays self 
criticism. Otherwise computers that criticize are perceived as being smarter than 
computers that praise. Other researchers studied the impact of users’ personality on 
their representation of their computer. Nass et al. [29] propose a circumplex model of 
inter-personal behavior based on two “factors”: Extraversion (dominant vs. 
submissive) and Agreeableness (cordial vs. hostile). They observed that subjects 
preferred a computer which looked like them. The same result is obtained for the 
skill. 

Models Based on the Lexical Approach 
Most models of virtual agents with personality inspire from the lexical approach, and 
the Big Five model [30, 31, 32, 33, 34]. According to André et al. [35], the model 
developed by Costa & McCrae presents the advantage to be descriptive and is 
considered like a support of the emotional dimension. Some architecture focuses on a 
few traits (extraversion, agreeableness and neuroticism for André, Klesen, Gebhard, 
Allen & Rist, or the neuroticism for Hermann, Melcher, Rank & Trappl). Ball and 
Breese [36] use the dominance and friendliness dimensions which they consider as 
being more relevant within the framework of interpersonal relations.  

Models based on the personality's socio-cognitive approach 
Models of virtual agents based on the socio-cognitive approach to personality are few. 
Moffat [37] developed a model to create personalities of virtual agents using the 
works of Mischel. In the same way, Sandercock et al. [38] worked on the 
development of believable agents for interactive applications. These authors focused 
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on the intra-individual variability of agents. Their goal is to produce agents whose 
conducts depend on the situation but remain coherent. These authors note that most 
implementations of personality are static and based on the theory of traits. However 
according to Sandercock et al. [38], the lexical approach doesn't propose any help 
concerning the modulation of the expression of personality's traits depending on the 
situation. 
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Computing Models combining different approaches 
- Read et al. The Personality-enabled Architecture for Cognition  
- Poznanski & Thagards : the SPOT model 

Models combining different approaches of the personality 
Most computer models trying to introduce the concept of personality in virtual 
characters combine different perspectives [34, 39, 40, 41]. For example, Poznanski & 
Thagards [42] developed the SPOT model (Simulating Personality Over Time) based 
on the lexical approach and the socio-cognitive. It is composed of four components: 
personality, emotion, input describing the situation, and output describing the 
behaviors. The personality component is based on the Big Five model. Each of the 
traits has its behavioral pattern. Personality’s nodes in SPOT are connected with the 
behavioral output based on behavioral trends for a given trait. The extrovert node is 
strongly connected to behaviors that characterize extrovert humans. It is also loosely 
connected to behaviors that are not extrovert. These various connection strengths 
represent the genetic predispositions of a person for the traits. This model also relies 
on theories of social learning about personality. Each “situation” input is connected 
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with various strengths to a corresponding “behavior” output as well as to other 
behaviors. The connections between nodes and their strength are determined from the 
emotional and behavioral tendencies known to the Big Five. 

4   The PERMUTATION Corpus-Based Approach 

Existing personality models used in virtual agents are mainly based on the lexical 
approach to personality. They are inspired by the socio-cognitive approach only when 
the situation is considered important in the development of personality. Few virtual 
agent studies considered the cognitive dimension of personality and tried to develop 
profiles of cognitive functioning for virtual agents. 

Among socio-cognitive approaches to personality psychology, cognitive styles 
describe one’s cognitive functioning but also certain aspects of one’s social behaviors 
[43]. They relate to characteristic ways to perceive, remember, think and solve 
problems [44, 45]. Thus, they describe the style of mental activity rather than its 
content. They are deduced from our stable individual differences in the way of 
organizing and of dealing with information. One of the most studied cognitive styles 
in psychology is the field-dependency dimension (FID). This cognitive style relates to 
the usual and favorite way of perceiving the information. People that are independent 
from the field (FI) have an analytical vision; they transform the information at their 
disposal to organize it according to their own criteria. Their conducts are rather 
directed toward objects and they tend to take the lead in social interactions. In 
contrast, people that are depending on the field (FD) are more sensitive to the 
perceptive and conceptual organization of the information. They are very attentive to 
interpersonal relations and tend to ask for information from others. Research on 
expressive agent did not invest much this dimension of personality. Few researches 
tried to assign the properties which characterize certain cognitive functioning to 
animated characters. However such properties of mental activity might participate in 
the multimodal expression of emotion since one goal of multimodal expressions of 
emotion is to inform others of the way we evaluate the current situation. Our 
hypothesis is that cognitive style can be perceived in the multimodal expression of 
emotions. For example “FI” people do not consider much the point of view of others 
and tend to dictate their opinion. They might not try to control their anger and might 
adopt broader and quicker movements than “FD” people. 

To determine the multimodal emotional expression associated to every pole of the 
cognitive style (FID), we have developed the PERMUTATION corpus-based approach 
(PERsonality MUltimodal InTerAcTION). TV series provide recurrent behaviors 
displayed by a variety of characters over time when faced with different emotional 
situations. They might provide more spontaneous data than acted protocols using in-lab 
conditions. They enable to consider the role of the situation in the emergence of the 
emotional process and are informative on the stability of the emotional expression in the 
course of time according to the personality of the characters. 

We designed a questionnaire for assessing the various parameters of the DIC 
(orientation of the behaviors, type of interaction and type of perception). 50 subjects 
had to estimate the cognitive style of seven television series characters with the help 
of this questionnaire. This allowed us to select five female characters recognized by 
the subjects either as being either strongly FI or strongly FD.  
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Video samples featuring emotional behaviors of these characters were then 
collected. Five emotion families were considered (happiness, anger, surprise, fear and 
sadness). 100 sequences have been selected, for a total duration of 2568 seconds. 
These video samples were then annotated by other subjects with respect to the 
multimodal emotional expression they perceive.  

Preliminary results reveal that subjects estimate the emotional events differently 
according to their emotional tone. They judge that the positive episodes are more 
pleasant and more favorable to the success of the character's goals than the negative 
situations. Besides, when we compare the evaluation realized by subjects for two 
characters who are perceived as having the same cognitive style, no difference 
appears. The subjects consider that characters having the same cognitive style and 
facing similar situations, realize the same type of emotional assessment of the 
situation. Movement quality was observed to be a discriminative features of some 
acted emotions [46]. In our data, the subjects judged that the temporal amplitude, the 
intensity and the general level of activation vary according to the nature of the 
expressed emotion. When a character expresses Anger, her gestures are perceived to 
be faster, more intense and the general level of activation is higher than when the 
character expresses Joy. Furthermore, as seen previously, two characters having the 
same cognitive style and expressing the same type of emotion do not present 
differences as for the quality of their movements. 

5   Conclusion and Future Directions 

We surveyed the different models of personality in virtual agents and the underlying 
approaches in Psychology. We introduced the PERMUTATION corpus-based 
approach which aims at informing the design of virtual agents that are able to reflect 
their cognitive style in their multimodal expression of emotion. Such data can be 
useful for the definition a library of multimodal behaviors associated to different 
emotions according to cognitive styles. Future directions include validating the model 
by conducting similar perceptive studies with users interacting PERMUTATION-
based animated characters. 
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