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Abstract 

The incorporation of affective factors such as mood, personality and emotion in virtual world 
applications is of particular importance in respect to the degree of immersion and believability 
of the experience. Synthetic virtual agents need to be endowed with affect generation and 
expression capabilities. In the current work, we present an affective model encompassing 
personality, mood and emotion, strongly influenced by the established ALMA model, and 
integrate it with the REVE Virtual environment development platform. Synthetic agents 
participating in the virtual environment are equipped with their own emotions and act 
accordingly in short interactive scenarios, while their affective state is communicated to the 
user via multimodal cues. 
 
Keywords: affective computing, Emotion models, intelligent virtual agents, intelligent virtual 
environments 
 

1. Introduction 
A particular requirement from synthetic agents participating in virtual world 
applications is the need for believability, that is, the potential to create the illusion of 
interacting with a living character [Riedl (2005)]. In contrast to production 
applications, where the aim is rationality, precision, elimination of errors and 
repeatability of results, in synthetic virtual worlds, these features do not always work 
to the benefit of the application. Synthetic worlds often involve emulating humans, 
whose behavior is not always rational, efficient or error free - apart from pure reason, 
human decision and action is strongly and primarily influenced by emotion. This 
makes it necessary for any synthetic virtual world application involving humans or 
emotional creatures in general, to incorporate an emotion-based decision and action 
mechanism. 

In the present paper we will present an emotion generation, mood modification and 
action selection mechanism created for integration with a virtual world development 
platform, in an approach to endow intelligent virtual agents with emotions in order to 
achieve higher levels of believability. The implementation is based on existing 
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theories of emotions, mood and personality, but also considers rules of thumb and 
factors affecting the aforementioned variables (emotions, mood, action selection). 

1.1. Computational Models and Theories of Emotion 

The past couple of decades has seen the emergence of several computational emotion 
theories, as a result of the steep rise of interest in the field of affective computing. 
Computational emotion theories attempt to bridge the gap between psychology and 
computer science and provide computer scientists with concrete and grounded 
models, suitable to be implemented as computer programs. Traditional emotion 
theories rooted in psychology have been around for almost a century, however they 
are unsuitable for use in computer applications, as they are usually high level 
conceptual theories, describing abstract processes rather than concrete algorithms and 
leave several details undiscussed [Marsella et al. (2010)]. 

Computational emotion theories are designed with implementation in mind, in a way 
to be computable and configurable. Their advantages are on the one hand that they 
ease understanding of complicated emotional terms for someone outside the field and 
on the other hand that enable study, estimation and comparison of computational 
models and theories of emotion. Computational Models and Theories of Emotion can 
be mainly divided in the following four categories: 
a) Appraisal based theories: Appraisal theory emphasizes on emotion and cognition, 
interpreting the relationship between them [Marsella et al. (2010)]. Emotions are 
perceived as a result of subjective appraisals of events, causing different reactions in 
each person. That is to say emotions are derived from appraising the relationship 
between human and environment. Appraisal-based computational theories include, 
among others, the popular OCC model [Ortony et al. (1988)], which defines 11 pairs 
of contrasting emotions according to valenced reactions to consequences of events, 
actions of agents and aspects of objects. A prominent representative of appraisal 
theories is also Klaus Scherer's model [Scherer (2001)], which interprets appraisal as 
a process of multilevel sequential checks, while another very promising approach, 
also incorporating motivation as a key factor in the production of intelligent 
behaviour is Doerner's PSI model [Dorner et Starker (2004)], which describes how 
cognition, motivation and emotion are integrated in complex and dynamic sections of 
reality, in order to regulate human behavior. 
b) Dimensional theories: Dimensional theories perceive emotion and emotional 
effects not as distinct entities, but as regions in a continuous two or three dimensional 
space [Marsella et al. (2010)]. They emphasize on mood, affect and especially core 
affect, which describes a unique and complete human state. The best known models 
in this category are the PAD Temperament/Emotion models (Mehrabian, 1995-2010), 
which define three characteristics, Pleasure, Arousal and Dominance as dimensions 
that can describe emotions, on a short term aspect as well as emotional states or 
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moods, on a mid-term aspect, as regions in the three dimensional space defined by the 
P-A-D constituents. 
c) Hybrid theories, based on both Appraisal and Dimensional theories: 
Computational Emotion models and theories of the specific category combine models 
and theories of the previous two categories. Several models follow this approach, 
with the following two particularly worth mentioning: The ALMA  model [Gebhard 
(2005)], which integrates the three basic types of human expression: emotions, moods 
and personality. The ALMA approach uses respectively the OCC, PAD and Big Five 
models, which are integrated into a streamlined flow of information leading to agent 
behavior. Another significant work is also WASABI [Becker-Asano (2008)], which 
also includes emotions, mood and personality, and is based on the OCC and Scherer 
appraisal models, integrated with the PAD dimensional model and incorporating 
elements from anatomical theories.  
d) Physiological theories: Physiological, or anatomical theories, treat emotions as 
discreet neural circuits and usually concentrate on a specific emotion, which they 
further analyze [Marsella et al. (2010)]. The most popular anatomical theories are 
those of Damasio and LeDoux, on which Cathexis [Velasquez (1997)], the best 
known model representative of this category is based. 

2. Basic Elements of the ALMA model 
The ALMA model (A Layered Model of Affect) was chosen as particularly suitable 
for integrating with the REVE platform, considered as the most complete of the 
presented computational emotion models, due to the fact that it takes into account all 
tree aspects of human psychological state (emotions, mood and personality). 
Additionally, the theory is well-defined and well-aligned with the goals of our 
research approach, which is the production of believable agent behavior. 

In order to model emotions, which reflect the short-term type of affect, ALMA is 
based on the OCC appraisal model and recognizes 24 types of emotions (22 types 
defined by OCC model and also Liking and Disliking which are considered as 
emotions by ALMA model). Emotions are characterized by a distinct intensity and 
after their generation they gradually decay, until they completely disappear from 
emotion list. In order to model mood, or medium-term affect, ALMA uses the PAD 
dimensional model, with the extension that every emotion is mapped through 
pleasure, arousal and dominance variables to one of the 8 moods defined by 
Mehrabian. This mapping represents emotion and mood correlation in ALMA model, 
where it is assumed that a person’s mood change is affected by his emotions. Mood 
intensity is also taken into account in ALMA model and depends on the number and 
intensity of emotions that support the specific mood.  

Finally, in order to define personality, the Big Five (also known as OCEAN) [McRae 
& John (1992)] model is used, which specifies a person’s general emotional behavior 
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through the following characteristics: Openness, Conscientiousness, Extraversion, 
Agreeableness and Neuroticism. Personality is considered to strongly affect emotion 
by modifying the emotion’s default intensity. Personality is also related to mood 
through corresponding PAD functions, indicating that a character, according to its 
personality is in a default mood. Reversing those PAD functions results in presenting 
an indirect way in which mood affects emotion intensity and is considered an 
innovation of ALMA model. In order to simulate smooth mood change, ALMA 
model uses a special function called “pull and push mood change function”. 

Emotion processing in the ALMA model consists of two phases: Preparation and 
Runtime phase. In the preparation phase, all important variables (such as personality, 
decay times, appraisal rules etc.) are configured through the CharacterBuilder tool 
which is part of ALMA package. During Runtime phase, appraisal rules defined in 
the previous phase are used in order to generate in real time emotions and cause mood 
change.  

3. Generation and manifestation of affect in REVE 

3.1. Emotion Generation and Action Selection mechanism 

The emotional mechanism that was created and applied in the specific 
implementation, based on the ALMA model, is presented in Figure 1. This diagram 
depicts the generic mechanism which was designed and applied for emotion 
generation and action selection. At the beginning, an agent receives an action from 
another agent (Action Received). According to the action type and the stance towards 
the agent actor (like, dislike, familiar, stranger) the corresponding Emotions with a 
specific Intensity are generated. Emotion Intensity is strengthened or remains as it is 
according to the agent’s Default Mood, which derives from its Personality. 

The generated emotions are mapped in PAD space and their mean value indicates the 
dominant active emotion, from which the agent’s current mood is derived. The 
agent’s current mood in combination with the type of the Action Received and his 
Action History, determine the action that will be selected as answer (Action Back). 
Every action performed by the agent is registered in his Action History, in order to 
prevent loop creation by repeating the same actions over and over again. 

There is a special case of Emotion generation which is depicted in Fig.1 with dashed 
arrows. The specific case describes Emotion generation to the agent performing a 
specific action (called the agent actor). The type of the Action Back the agent 
executes, in combination with his Current Mood and the action he had received 
(Action Received), determine the generated to agent actor emotions. Emotion 
intensity in this special case is computed through a function, specially constructed for 
the specific reason, where the aforementioned variables take part.  
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Figure 1: Emotion Generation & Action Selection mechanism 

3.2. Anatomy of the emotion engine  

Emotion Generation & Intensity 

The type of generated emotions and their basic emotion intensity was decided to be 
determined by the action received and the current agent's stance against the agent 
actor. Every agent in the presented system is assigned a particular personality profile, 
as a set of OCEAN. These values, as in the ALMA model, are mapped to a default 
mood, via a set of functions described in [Mehrabian (1996b)]  

The default mood is associated with a numeric value used to relate personality with 
emotion intensity, that indicates the degree to which the intensity of specific, relevant 
emotions is reinforced depending on the default mood. 

In order to define defaultMoodFactor values, an  inverse PAD mapping process was 
created. For each default mood, value 3 is assigned to corresponding eliciting 
emotions; value 2 is assigned to the rest of the emotions in the same category 
(positive or negative) and value 1 to all opposite emotions. 
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Table 1: defaultMoodFactor values (white: positive emotions, gray: negative) 

 E
xuberant 

D
ependent 

R
elaxed 

D
ocile 

B
ored 

D
isdainful 

A
nxious 

H
ostile 

Happy_For 3 2 2 2 1 1 1 1 
Gloating 2 2 2 3 1 1 1 1 
Joy 3 2 2 2 1 1 1 1 
Pride 3 2 2 2 1 1 1 1 
Admiration 2 3 2 2 1 1 1 1 
Liking 2 3 2 2 1 1 1 1 
Love 3 2 2 2 1 1 1 1 
Hope 2 3 2 2 1 1 1 1 
Satisfaction 2 2 3 2 1 1 1 1 
Relief 2 2 3 2 1 1 1 1 
Gratification 3 2 2 2 1 1 1 1 
Gratitude 2 3 2 2 1 1 1 1 
Resentment 1 1 1 1 3 2 2 2 
Pity 1 1 1 1 3 2 2 2 
Distress 1 1 1 1 3 2 2 2 
Shame 1 1 1 1 2 2 3 2 
Reproach 1 1 1 1 2 3 2 2 
Disliking 1 1 1 1 2 2 2 3 
Hate 1 1 1 1 2 2 2 3 
Fear 1 1 1 1 2 2 3 2 
Fears_Confirmed 1 1 1 1 3 2 2 2 
Disappointment 1 1 1 1 2 2 3 2 
Remorse 1 1 1 1 2 2 3 2 
Anger 1 1 1 1 2 2 2 3 

The Total intensity is computed by the following function, which multiplies the 
original emotion intensity with the defaultMoodFactor, giving values that range from 
1 (1*1=1) to 9 (3*3=9), given that emotion intensity is represented by corresponding 
number of emotion occurrences in the active emotion list: 

 

totalEmotionIntensity = originalEmotionIntensity * defaultMoodFactor    (1) 

Emotion Decay Time & Gradual Emotion Decay 
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Every pair of opposite emotions was assigned to a specific decay time, according to 
how profound or temporal the specific emotion is considered. In order to shorten 
execution time and improve the scenario flow, emotion decay times defined are 
significantly smaller than in real world. 

Gradual Emotion Decay plays an important role in modeling a believable emotional 
mechanism, as without it, emotional agent would experience each emotion in the 
maximum of its intensity from its generation to its complete decay. In order to 
achieve gradual emotion decay, emotion intensity is taken into account in relation to 
emotion decay time. Specifically, total emotion decay time is divided in three equal 
subintervals. Upon completion of each subinterval, emotion intensity is reduced on a 
corresponding percentage, until it is gradually zeroed and the emotion completely 
disappears from active emotion list. Emotion decay is implemented by removing 
emotion occurrences from the active emotion list. 

Action Back Selection 

In order to simplify the action back selection mechanism, the present implementation 
assumes that the action an agent selects as response to an action he received is 
determined by his current mood. Additionally, two action patterns are defined, one for 
positive and one for negative actions, which propose a default action flow, which 
however may be found in several variations (The number in the brackets indicates the 
number of sequential executions allowed): 
a) Positive Actions pattern: 
Wave  Compliment  Give_Present/Flower  Hug (2)  Kiss (3)  The End 
b) Negative Actions pattern: 
Decline (2)  Curse (2)  Hit (3)  Avoid 

According to the type of the received action, agent’s current mood and having as 
reference point the above action patterns, a table was created, where apart from 
actions back, alternative actions back are also defined, in order to avoid loops in 
execution. In the specific table there is also defined the number of times that an action 
back is allowed to be sequentially executed, till alternative action back is selected. 

Emotions Created to Agent Actor 

There is a special case of emotion generation the ALMA model does not deal with, 
where emotions are generated to the agent who is performing a specific type of 
action. In order to include this special case, several factors had to be taken into 
account, such as type and importance of both action received and action back selected 
and agent’s current mood. The type of the generated emotions is primarily determined 
by the action performed and agent’s current mood. On the other hand, emotion 
intensity computation is more complex and depends on the following factors:   
 
a) Action Importance 
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An  importance degree (from 1 to 3) is set for every action which is considered to 
create emotions to agent actor, according to how courageous, advanced or arrogant 
the specific action is: 

Table 2: Action Importance Degree 

Category Action Importance Degree 

Positive Actions 

Accept 1 
Wave 1 
Laugh 1 

Compliment 2 
Flower/Present 3 

Negative Actions 
Cry 1 

Nothing_Back 2 
Decline 3 

b) Current Mood 
Emotion intensity in this special case is assumed to be affected only by agent’s 
current mood. Values assigned in each current mood may not precisely reflect reality, 
but assist in showing moods’ contrast through the different way in which they affect 
emotion intensity. 

Table 3: Degree of Emotion Reinforcement per Current Mood 

Current Mood Degree of Emotion Reinforcement 
 Hope Fear Happy_For Gratification Gloating 

Exuberant 3 1 3 3 - 
Relaxed 2 2 2 2 - 

Dependent 1 3 2 2 - 
Docile - - 1 1 - 
Bored - - 1 1 - 

Anxious 1 3 1 1 - 
Hostile - - - - 3 

Disdainful - - - - 1 

 

Emotion Intensity Functions 
Finally, four different categories of functions (depending on action type – positive or 
negative – and importance) were developed in order to combine actions’ importance 
(both for Action Back and Action Received) and the degree in which current mood 
reinforces emotion intensity and result in final generated emotion’s intensity. 
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Table 4: Emotion Intensity Functions (according to Action Received, Action Back and 
Current Mood) 

Action 
Received 

Action 
Back 

Emotion Intensity Function 

+ (<) + (>) Action Back – Action Received + Current Mood 
+ (>) + (<) Action Received – Action Back + Current Mood 

- + 
Action Back –(-Action Received) + Current Mood = 

Action Back + Action Received + Current Mood 

+ - 
-(-Action Back) + Action Received + Current Mood = 

Action Back + Action Received + Current Mood 

Symbol and variable explanation: 
+ : positive action  < : action of greater importance 
- : negative action  < : action of less importance 
Action Back: Importance Degree of Action Back 
Action Received: Importance degree of Action Received 
Current Mood: Emotion Intensity reinforcement Degree, according to Current Mood 

Emotions are created to agent actor, according to the action he received, his current 
mood and the action back he selects. The corresponding intensity is computed by 
applying the above functions and its values may range from 1 to 9. 

4. Emotional agents in REVE Worlds  
The presented mechanism of emotion generation and action selection was 
implemented in the REVE Worlds platform [Anastassakis (2012)], where some 
extensions were made in order to display agent’s emotions, mood and action 
performed. Two frames were attached on each virtual body, one for text and one for 
image display. Both frames are visible to the viewer during the whole time of 
execution, regardless of agent’s orientation, and their size and color can be altered. 
Agent’s speech or the name of the performed action (which may also be expressed 
through hand or body movement) is displayed inside the textual frame, while icons 
mapped to emotions and a distinct color representing each mood are displayed 
through image frame, named emotional frame. 

Before execution start, each agent’s desired personality, original emotions (if exist) 
and preferences according to other agents (likes, dislikes etc.) are configured through 
agent’s properties file. Alternative scenarios arise when modifying either one of the 
aforementioned variables. 

In order to test the scenario, a testbed virtual world representing a park was 
implemented, whose components have been created in VRML and have been ported 
into REVE Worlds system using the VERL language [Anastassakis (2012)]. 
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4.2. Scenario 

Two agents of opposite sex take part in the implemented scenario, Tony and Emma. 
Female agent Emma starts execution without having any initial goals, but just 
wandering in the virtual world waiting to receive communication request from 
another agent. On the other hand, male agent Tony is initiated with an intense Liking 
feeling for Emma and his main goal is to be with her. The problem is that Emma’s 
location inside the park is unknown, so Tony wanders in the virtual world searching 
for her. If time passes by without having found Emma, Tony gradually gets more and 
more disappointed. As soon as Tony traces Emma he requests communication with 
her and if Emma accepts, Tony heads towards her in order to start communicating. 
Tony is the one to start communication and his first action is always WAVE. 

The rest of the scenario flow depends on Emma’s response, which is affected by her 
personality, mood and preferences. If Emma responds positively on Tony’s WAVE, 
then Tony tries to impress her with compliments and other gestures, so as to manage 
to hug and kiss her. If agents kiss each other three times in a row, this means the 
happy end of the execution, that is to say that the agents are together (a couple). On 
the other hand, if Emma responds negatively towards Tony, then, depending on each 
agent’s mood and personality, scenario’s flow may end badly (e.g. Curse, Hit). 

 

  

Figure 2. Left: Agent Tony is looking for Emma (original emotions: Love – intensity 
2 & Joy – intensity 1, current mood: exuberant), Right: Tony is performing action 
WAVE towards Emma (Tony: emotion Joy has decayed, but current mood remains 

Exuberant, Emma: default mood Anxious) 
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Figure 3. Left: Emma accepts Tony’s compliment (both agents’ current mood has 
turned to Dependent, due to the generated emotions), Right: After three mutual kisses, 
scenario ends happily (both agents’ current mood is exuberant, due to positive active 
emotions. Tony is more Exuberant, as he feels more intensely the positive emotions, 

due to his personality) 

Figures 2 and 3 depict instances of a scenario flow where agents start execution with 
the specific configuration:  
Tony  default mood: EXUBERANT, original emotions: LOVE (intensity 2) & JOY 
(intensity 1), preferences: likes Emma 
Emma  default mood: ANXIOUS, no original emotions, preferences: likes Tony 

A general history file is kept for every agent, containing the whole action flow in 
detail, as well as the active emotions and current mood changes of the corresponding 
agent. 

5. Conclusions and Future Work 

The presented work attempts to integrate a model for emotion-based action selection, 
strongly influenced by the established ALMA model, with REVE, an intelligent 
virtual environment development platform previously lacking such features. The 
work was oriented towards two directions, the emotion-based generation of intelligent 
behavior but also the manifestation of this behavior to the user.  

Preliminary reactions from system users are highly encouraging. The generated 
behavior of participating virtual agents was accepted as plausible and coherent from 
viewers. Emotion, action and mood communication to the user via the multimodal 
(icon, color, text) visualization method employed was perceived as natural and 
intuitive. A full scale structured evaluation process to formally assess the believability 
of the generated behavior has not been performed yet but has been planned for future 
versions, when all elements in development, such as our ongoing work on 
motivations in REVE [Avradinis (2012)], will have been integrated. 
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In the current version of the work, not all elements of the ALMA model have been 
implemented. Specifically mood intensity and smooth mood changes have not been 
taken into account, the inclusion of which in a future version is expected to provide 
more believable agent behavior.  

At present, the system supports communication between two agents-extending the 
number of participating agents would provide much more complex interactions, with 
more unpredictable emotion and mood changes.  

Additional extensions could also be made in REVE Worlds platform, so as to support 
different virtual body color for each emotional agent in order to depict agent’s 
personality (default mood) and the emotional frame to be in a cloud shape, indicating 
that emotions and mood are agent’s internal psychological state. Audio feedback is a 
factor that would highly contribute to the believability of the system, while also more 
complex body movements could be supported (e.g. head, leg and hand movements) in 
order to better depict performed actions. 
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Περίληψη 

Η ενσωμάτωση συναισθήματος σε εφαρμογές όπως οι εικονικοί κόσμοι είναι ιδιαίτερης 
σημασίας, καθώς συμβάλλει έντονα στην πιστευτότητα της εφαρμογής και την εμβύθιση του 
χρήστη σε αυτή. Στην παρούσα εργασία παρουσιάζουμε ένα μοντέλο συναισθημάτων το 
οποίο συνδυάζει επίσης στοιχεία διάθεσης και προσωπικότητας, το οποίο έχει ολοκληρωθεί 
με την πλατφόρμα ανάπτυξης εικονικών περιβαλλόντων REVE Worlds. Στην εργασία 
παρουσιάζεται σύντομο σενάριο στο οποίο εικονικοί πράκτορες προικισμένοι με 
συναισθήματα ενεργούν με βάση τα συναισθήματα που αναπτύσσονται λόγω των 
αλληλεπιδράσεων μεταξύ τους και επικοινωνούν αυτά τους τα συναισθήματα και τις 
διαθέσεις στο χρήστη, μέσω πολύτροπων μέσων. 

 

 
 


