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This document represents the first version of the background, design and application of Expressive 
Virtual Characters to prosocial game scenarios. It describes the various roles and potentials of virtual 
characters in prosocial skills development through games, technical components towards their 
realisation and demonstrators for testing their utility and effectiveness. The document has ties to 
D2.2 Prosocial Game Scenarios, D2.6 Prosocial Game Design Methodology, D3.1 User data acquisition 
and mapping in game environments and D4.3 1st Prosocial Game Mechanics.  
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1 Introduction 

1.1 Purpose of the document 

This document represents the first version of the background, design and application of Expressive 
Virtual Characters to prosocial game scenarios. It describes the various roles and potentials of virtual 
characters in prosocial skills development through games, technical components towards their 
realisation and demonstrators for testing their utility and effectiveness.  

It presents: 

 An overview of the field of virtual characters, especially the technical basis for enabling them 
to conduct expressive behaviours and interact with humans 

 The role of virtual characters as components in prosocial games and the approach involved in 
applying virtual characters in various prosocial game scenarios and contexts 

 Technical components involved in the creation of virtual characters for prosocial applications 

 Details about a set of small demonstrators involving virtual characters and their preliminary 
evaluations 

The document has ties to D2.2 Prosocial Game Scenarios, D2.6 Prosocial Game Design Methodology, 
D3.1 User data acquisition and mapping in game environments and D4.3 1st Prosocial Game 
Mechanics, which are referenced throughout. 

1.2 Scope and Audience of the document 

The dissemination level of this document is public. The final outcome of this deliverable is a first 
stage description of the role and operational aspects involved in the design and use of virtual 
characters in prosocial game scenarios. 

1.3 Structure of the document 

This document is divided into the following sections: Section 2 presents an overview of the field of 
virtual characters and details important fundamental techniques that are used in order to make them 
appear and behave in a human-like manner. In Section 3, we consider the role and use of virtual 
characters as components in prosocial systems concerned with the development of prosocial skills. 
This includes a more detailed approach to categorizing the scenarios and contexts in which virtual 
characters appear, which informs the requirements in terms of how characters either express 
themselves or do so through a human user. Section 4 describes some of the technical components 
involved in the creation of prosocial characters and details about a set of small demonstrators for 
prosocial virtual characters and their preliminary evaluations. Conclusion is presented in Section 5, 
while the Appendix includes some preliminary examples of virtual character scenarios involving 
mapped to prosocial skills. 
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2 Overview of Virtual Character Technologies 

This section presents an overview of the field of virtual characters and details important fundamental 
techniques and technologies that are employed in order to make them appear and behave in a 
human-like manner. These relate especially to generating expressive gaze, face, body and group, but 
also relate to methods for representing the internal emotional state of characters, group behaviours, 
their interactive behavior with users (which may be automated, copied from users via sensing 
devices, or a mixture of both), how their behaviours are perceived. 

2.1 Use of Virtual Characters in Games and Special Effects 

A virtual character is a digital reconstruction of a real actor using computer graphics techniques. 
Strong characters and immersive environments bring a new virtual world to the audience. In the 
Marvel's latest film Guardians of the Galaxy, two main characters, Rocket and Groot are realized 
entirely in CG with motion caption. Virtual actors of dead people allow bringing them again into the 
film. Paul Walker's unfinished scenes in Fast & Furious 7 were completed using a combination of 
cutting-edge visual effects, archive footage from past movies and body double work from his 
brother. 

Virtual character technologies are of great importance to the game industry. The virtual characters 
need to have not only a preloaded knowledge of the world, but also an ability to interact with each 
other. In Shenmue II (Sega, 2002), the autonomous system is designed with a great quality. The 
background virtual agents will have a squabble if they bump into each other. The virtual agents can 
bargain when doing shopping. The virtual characters also need to have the ability to learn from what 
the player does. This knowledge should theoretically apply to all characters in a game from 
background NPCs all the way up to pivotal characters (Sloan 2015). In Grand Theft Auto V (Rockstar 
North, 2013), the background character is capable of showing disdain towards a player who is acting 
aggressively. These characters are capable of expressing a range of prosocial and antisocial 
behaviours. 

2.2 Embodied Conversational Agents 

Embodied Conversational Agents (ECAs) are a form of intelligent user interface. Graphically 
embodied agents aim to unite gesture, facial expression and speech to enable face-to-face 
communication with users, providing a powerful means of human-computer interaction1.  

The SEMAINE project2 built a Sensitive Artificial Listener (SAL) and a multimodal dialogue system 
which can react to the user's verbal and non-verbal behavior and sustain the interaction for a long 
time. Greta3 is a real-time 3D embodied conversational agent with a 3D model of a female compliant 
with MPEG-4 animation standard. Greta can synthetize speech and simultaneously show facial 
expressions, gestures, gaze, and head movements to communicate. Two standard XML languages, 
BML and FML, allow the user to define her communicative intentions and behaviors. 

2.3 Game Characters 

                                                            
1 https://en.wikipedia.org/wiki/Embodied_agent 
2 https://www.semaine-project.eu/ 
3 https://perso.telecom-paristech.fr/~pelachau/Greta/ 



 

29/06/2016 | ProsocialLearn | D4.7 1st Expressive Virtual Characters 

 

  Page | 8 

 

Game characters refer to characters in a game, especially a video game or role-playing game (RPG). It 
has two main categories: a). Player character, which is controlled or controllable by a player, typically 
a protagonist the game's plot. b). Non-player character (NPC), which is controlled by the gamemaster 
in tabletop role-playing games. In video games and other scenarios with character representations, 
an NPC is controlled by a program4. (Normoyle et al. 2013) used an NPC's animation to reflect how 
they feel towards the player, especially investigate the potential for a straightforward gaze model to 
convey trust. 

2.4 Software for Defining and Animating Virtual Characters 

Massive is the premier simulation and visualization solution system for generating and visualizing 
realistic crowd behavior and autonomous agent driven animation for a variety of industries, including 
film, games, engineering, and robotics5.  

Poser is a 3D computer graphics program optimized for 3D modeling of human gestures. The 
program has gained popularity due to allowing beginners to produce basic animations and digital 
images, and the extensive availability of third-party digital models6. Poser includes a library of pre-
built, ready-to-use content including body and hand poses, materials, props, facial expressions, hair 
pieces, lights, cameras and scenes, and a Reyes-based render engine called Firey which supports 
nodes for the creation of complex materials. Furthermore, it provides import of sound, image, and 
video files, motion capture data and 3D content for the creation of scenes or the addition of new 
library items. Poser exports content in many 3D formats, and rendered images and animation. The 
program is capable of material editing, facial photo matching, dynamic hair, dynamic cloth and new 
figure rigging7. 

The ICT Virtual Human Toolkit8 is a collection of modules, tools, and libraries designed to aid and 
support researchers and developers with the creation of virtual human conversational characters 
performed at the University of Southern California (USC). It is built upon a common modular 
architecture which enables users to utilize all modules as is, one or more modules coupled with 
proprietary components, or one or more modules in other existing systems. 

MakeHuman9 is open source software for creating realistic 3D humans. It is developed using 3D 
morphing technology. From a standard human base mesh, it can be transformed into various 
characters, mixing with linear interpolation. Make Human is especially designed for the modeling of 
virtual humans. Other software, such as ZBrush, Blender, Maya are also used to sculpt virtual human 
models and animation. 

2.5 Programming Libraries and Assets 

Cal3D10 is a skeletal based 3D character animation library written in C++ in a platform-/graphic API-
independent way. Originally designed to be used in a 3D client for Worldforge, it evolved into a 
stand-alone product which can be used in many different kinds of projects. It supports combining 

                                                            
4 https://en.wikipedia.org/wiki/Game_character 
5 http://www.massivesoftware.com/applications.html 
6 http://my.smithmicro.com/poser-3d-animation-software.html 
7 https://en.wikipedia.org/wiki/Poser 
8 https://vhtoolkit.ict.usc.edu 
9 http://www.makehuman.org/ 
10 http://gna.org/projects/cal3d/ 



 

29/06/2016 | ProsocialLearn | D4.7 1st Expressive Virtual Characters 

 

  Page | 9 

 

animations, actions and morph targets (facial expressions) through a "mixer". Love/Hate11 is a 
relationship and personality simulator for Unity. It models characters' feelings about each other using 
emotional states and value-based judgment of deeds. 

2.6 Animating Virtual Characters 

2.6.1 Body 

Emotions can be expressed through different modalities and the body represents an important way 
through which emotional information is conveyed, for example, we may adopt a contracted posture 
when depressed, or lean forward to show interest (Lhommet et al. 2015). 

2.6.1.1 Bodily Expression Representation 

The study of the bodily expression of emotions faces several theoretical and methodological 
challenges, ranging across fundamental theoretical questions about how emotions are defined and 
how emotional expressions are represented, experimental issues concerning how emotional 
expressions are invoked in subjects and design issue concerning ECA with emotional expressions 
(Lhommet et al. 2015). Foremost is the absence of a standard that codifies which are the features, 
including what are the components of the movement and how their dynamics are specified. Some of 
the coding systems that has been used to study the bodily expression of emotion. 

Posture. Posture usually refers to the quasi-static configuration of the whole body. (Harrigan et al. 
2005) proposes the posture coding system use the following common descriptors: trunk lean 
(upright, forward or backward), trunk orientation (facing, turned), arms and leg positions and 
configurations. 

Movement. Choreographers describe the body movement preserve and transmit a dance score to 
dancers. The Laban Movement Analysis (LMA)12 described the actions of the body parts over time by 
using a notation system composed of symbols to represent the quantitative and qualitative features 
of movements. The symbols are organized into five categories (Lhommet et al. 2015): Body (parts of 
the body involved), Space (locale, directions and path of a movement), Effort (how the body 
performs movements) and Shape (forms that the body makes in space). 

Gesture. A gesture is a movement that communicates information, intentionally or not (McNeill et al. 
2008). Gestures are usually separated into three categories: emblems, illustrators, and adaptors 
(Ekman et al. 1978). 

The Body Action and Posture Coding System (BAP) (Dael et al. 2008) integrates several coding 
approaches to study emotion expression by using a multilevel (anatomical, form, and functional) 
coding system. BAP includes behaviors which can be combined to describe the position and 
movement of body and body-parts, and the communicative intent of a gesture (when applicable). 

(Lhommet et al. 2015) collects the studies of the expressive elements of posture and gesture. It 
presents the features of postures that frequently occur depending on the emotional states, including 
anger, joy, sadness, surprise, pride, fear, disgust, and boredom. It also presents the features of arm 
movement of certain emotional states, including anger, joy, sadness, anxiety, interest, and fear. 
Moreover, expressing certain emotional states through specific gestures involving frequent adaptors 
and multimodal combinations is also shown. 

                                                            
11 http://forum.unity3d.com/threads/released-love-hate-the-emotion-driven-relationship-system.313218/ 
12 https://en.wikipedia.org/wiki/Laban_Movement_Analysis 
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2.6.1.2 Behaviour Expressivity Parameters 

The execution of a gesture and of an expression is very representative of an emotional state. Building 
expressive characters requires endowing them with appropriate facial expression and with the 
capability to execute behaviors with different expressivities. Both behaviour shape and behaviour 
expressivity contribute to the representation of an emotional state (Pelachaud 2009). (Chi et al. 
2000) proposes the EMOTE (Expressive Motion Engine) model to acts on the effort and shape 
components of the Laban Movement Analysis (LMA). The effort (energetic dynamic) component 
contains four factors: weight (degree of continuity in movement), space (linear vs curvilinear 
trajectory of the articulators), time (degree of temporal continuity of the movement) and flow 
(fluidity of the movement). These parameters affect the writs location of the humanoid and the 
shape of body is computed for each wrist position using inverse kinematics techniques. In the final 
animation, a gesture is modulated with these parameters to add expressivity. 
Based on perceptual studies, a model of nonverbal behavior expressivity proposed by (Hartmann et 
al. 2005) has been defined that acts on the synthesis computation of a behavior. Among the large set 
of variables that are considered in the perceptual studies are the six parameters shown in Table 1. 

 
Expressivity Parameters 

Overall Activation 
Quantity of movement during a conversational turn (e.g., passive/static or 
animated/engaged) 

Spatial Extent 
Amplitude of movements (amount of space taken up by body). 

Temporal Extent 
Duration of movements (e.g., quick versus sustained actions). 

Fluidity 
Smoothness and continuity of overall movement (e.g., smooth versus jerky). 

Power 
Dynamic properties of the movement (e.g., weak versus strong). 

Repetition 
Tendency to rhythmic repeats of specific movements. 

Table 1 – Expressivity Parameters 

These have been utilised, for example, in the Greta ECA system (Pelachaud 2005). Three of the 
dimensions, spatial extent, temporal extent and power, act directly on the formational parameters of 
behavior (gesture, facial expression, or head movement). Another dimension, fluidity, operates over 
successive behaviors of the same modality (Pelachaud 2009), which characterizes the degree of 
continuity between consecutive behaviors. Expressivity parameters are obtained either through 
manual annotation (Devillers et al. 2005) or automatically (Castellano et al. 2007). The six parameters 
along with the other annotations are sent to an interpretation module that controls the agent's 
animation. 

2.6.2 Face 

Facial animation can be decomposed into two general categories: animating the eye-gaze of the 
character and deforming the face to produce facial expressions. 

2.6.2.1  Gaze 

Eye gaze is one of the most important signals in human non-verbal communication as a proverb says: 
The face is the portrait of the mind; the eyes, its informers. The way gaze shifts, averts, or focuses on 
perceived stimuli can hold useful information of the inner emotional state. Low-level and high-level 
gaze will be shown in the following paragraphs. 
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One reason for the uncanny valley of the virtual agents is the lack of emotional expression, especially 
the gaze behavior is not emotionally expressive. (Lance et al. 2007) worked on full-body emotion 
expression with integration of head movement and body posture during gaze shifts. This article 
derived a gaze warping transformation (GWT), which is a method to combine and transfer expressive 
gaze manner from emotional gazes to neutral gazes. The gaze manner is an integration of head and 
torso movement during gaze shifts. The continued work (Lance et al. 2008) improved the GWT using 
an alignment algorithm to eliminate the discontinuities in the movement. They also developed an 
integrated model of eye movement, based on the visual neuroscience literature. The model 
implements vestibulo-ocular reflex (VOR) movement, saccades, and combined eye-head saccades. 

2.6.2.2 Low Level Gaze 

(Peters et al. 2009) presents a model consisting of two connected components: an eye-head 
controller and a blinking controller, for the animation of gaze shifts for virtual characters. In this 
model, gaze diversity is provided by head contribution variations and blink is synchronized with head 
motion for improved plausible gaze shifts. The gaze control model dictates the contributions of the 
eyes and head to a gaze shift according to an individual's head movement propensity, i.e. the 
tendency to recruit their head when making gaze motions under different conditions. Characters vary 
between being extreme head-movers and extreme non-movers are considered. The blink controller 
is gaze-evoked which is a category of behaviors that accompany gaze shifts. The probability of 
occurrence of blinks and their amplitude is related with the gaze shift. A number of perception 
experiments are performed to investigate the impact of blinking, eye-head ratio and direction of 
head movements on perceptions. 

A parametric, computational model of head-eye coordination that can be used in the animation of 
directed gaze shifts for virtual characters is presented in (Andrist et al. 2012). In this model, the 
parameters of the specific gaze shift (e.g., the target direction) and parameters of the character (e.g., 
maximum head velocity) are used to compute a number of onset internal timing parameters. Once 
these parameters are computed, the gaze shift begins, and the eyes and the head are rotated 
towards the target at dynamically-adaptively-changed angular velocities. The visual representation of 
this model is shown in Figure 1. A number of perception experiments confirm that this model 
communicates gaze targets as effectively as real human do, and those generated by the states-of-
the-art model. But this model provides parametric controls that can be used to achieve 
communicative outcomes. 

 

Figure 1 – A visual representation of the model of gaze shifts mapped onto time (Andrist et al. 2012). 
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The models above enable the synthesis of humanoid gaze motion. However, they on do so in 
characters that conform to human anatomical proportions, which can cause undesirable artifacts 
such as crosseyedness in characters with non-human or exaggerated human geometry. (Pejsa et al. 
2013) proposes a parametric model of human gaze motion with control parameters for specifying 
character geometry, gaze dynamics, and performative characteristics in order to create gaze motions 
in a wide range of geometric properties that is free of artifacts (as shown in Figure 2). In this model, 
visual artifacts in gaze, such as: crosseyedness, speedy eyes, OMR-block, eye retraction, stuck eye, 
and eye divergence, are avoided by extending the base line gaze model (proposed in (Andrist et al. 
2012)) with parameters that account for the nonrealistic anatomy. The extensions provide significant 
control over eye geometry and dynamics and allow for view-dependent, performative effects. 

 

Figure 2 – Cross-eyedness and its reduction. Left: Cross-eyed character. Right: Cross-eyedness reduced by 
the model (Pejsa et al. 2013). 

2.6.2.3 High Level Gaze 

(Lee et al. 2002) presents eye saccade models based on the statistical analysis of eye-tracking video. 
The saccade model is constructed for each of the two modes: talking mode and listening mode. The 
models reflect the dynamic characteristics of natural eye movement, which include saccade 
magnitude, duration, velocity, and inter-saccadic interval. The statistical eye movement synthesis 
model is shown in Figure 3, where visual attention is used to monitor the system state and control 
the system for low level gaze. Three different types of eye movements: stationary, random, and 
model-based, are synthesized for a face character. And the evaluation shows that the model-based 
eye movement makes the face character look more natural, friendly and outgoing. 
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Figure 3 – The statistical eye movement model (Lee et al. 2002). 

Perception and attention mechanisms are important to the virtual agents situated within complex 
dynamic environments. These mechanisms other information to control low level systems so 
appropriate action can take place and the resulting agents can build up a connection within their 
environment for the purpose of reacting, planning, decision making and behaving. (Peters et al. 
2011) proposes perceptual attention models under two different environments: the real 
environment and the virtual environment. In the real environment, a real scene contains a lot of 
signals, such as facial expressions, gestures, postures and so on. In the virtual environment, the agent 
is given synthetic senses which do not have the same constrains as hard systems. And the designer 
has a choice to what degree the perception can take place to give scene data to the agent in a way 
that models very roughly the availability of sensed data to the human visual system. 

The autonomous agents are dependent on their perceptual capabilities provided with the relevant 
and appropriate knowledge with which to conduct planning. The saliency-based visual attention in 
both real environment and virtual environment is introduced in (Peters et al. 2011). Also two ways of 
deploying the attention are discussed. In the space-based (spatial) processing, the visual attention is 
directed to locations in the scene. However, in the object-based processing, the attention is directed 
towards objects or perceptual groups from the visual scene that have been segmented. Another 
distinction between visual attention models is also discussed, which is the top-down processing and 
the bottom-up processing. (Peters et al. 2011) also summary several popular agent attention models 
based on four key factors: top-down and bottom-up processing model with associated saliency 
heuristics, spatial-based and object-based processing, static or mobile viewing possible, real or virtual 
input type and presence of social modulation. 

2.6.3 Facial Animation 

Facial animation refers to the techniques that represent the face graphically or animate a face in a 
manner consistent with real humans. Facial animation approach can be divided into two main 
categories: the geometry-based approach and the image based approach. Other methods may 



 

29/06/2016 | ProsocialLearn | D4.7 1st Expressive Virtual Characters 

 

  Page | 14 

 

contain both the geometry-based and the image-based animation techniques, such as the 
performance-driven animation method. 

2.6.3.1 Geometry-based Approaches 

The geometry-based approach refers to manipulation of 3D models consisting of vertices in space, 
forming polygons and thus representing the surface of the model (Raovan et al. 2006). It can be 
divided roughly into: key framing, parameterization, pseudo-muscle methods, and physics-based 
methods. 

Key-framing with interpolation. Take one vertex in 3D space for instance. A vertex is selected and 
moved to another specific location. The points in between are computed and the vertex moves 
along these points as a function a time. If these vertices form part of a surface polygon, the 
observer will have an illusion of the deformation of the surface. 

Direct Parameterization. (Parke et al. 2008) proposed the direct parameterization which represents 
the motion with a small number of parameters with a polygonal face. But the parameters are bound 
to a certain facial topology resulting rewriting the parameters when deal with a different face. And 
conflict will occur between parameters which makes the expression unnatural (Radovan et al. 
2006). 

Pseudo-muscle-based Approach. The muscle actions are simulated using geometric deformation 
methods such as the freeform deformations and rational freeform deformations. It produces better 
results than previous two methods, but disregards the subtle movements on the skin surface, such 
as wrinkles and bulges. 

Muscle-based Approach. Muscle-based approaches are characterized by simulating muscles and 
muscle actions consistent with the real human muscles. (Waters et al. 1987) described a muscle 
model which is controllable by a limited number of parameters and is non-specific to facial 
topology, allowing a richer vocabulary and a more general approach to model the primary facial 
expressions. This model divides the muscle types apparent on the face into the upper face and the 
lower face. Two types of muscles are created: linear and parallel muscles that pull and sphincter 
muscles that squeeze. The key nodes of the muscle attachment are measured on a number of faces, 
to establish the extremes of displacement and the maximum and minimum zone of influence. The 
facial expressions in the face on an alternative topology are tested and shown against FACS which 
uses Action Units (AUs) directly to one muscle or a small group of muscles.  

However, the model above represents the skin as a geometric surface with no underlying structure. 
The deformations are implemented by geometric distortion of the surface, which disregards the 
subtle tissue deformation. (Terzopoulos et al. 1990) proposed a 3D hierarchical combining an 
anatomically-based facial muscle process with a physically-based model of human facial tissue. This 
combination enhances the realism of the animation compared with prior attempts. (Zhang et al. 
2001) models the skin by a mass-spring system with nonlinear springs which have biphasic stress-
strain relationship to simulate the elastic dynamics of the real facial skin. The model does not need 
to be treated as a continuous surface since each mass point and each spring can be accessed 
individually. (Pasquariello et al. 2001) animates the skin in a way not based on physical simulation of 
muscle and the visco-elastic behavior of the skin. The furrows are simulated using bump mapping 
and physical displacement of vertices, which is bulges and wrinkles. 

(Sifakis et al. 2005) constructs an anatomically accurate model of facial musculature, passive tissue 
and underlying skeletal structure using volumetric data. Since the resulting animation is obtained 
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via a 3D nonlinear finite element method, the visually plausible and anatomically correct 
deformations with spatial and temporal coherence which provides robustness against the outlier in 
the motion capture data are obtained. One feature of this model is that its muscle action can be 
used in a robust simulation framework including contact and collision of the face with external 
objects. 

2.6.3.2 Image-based Approaches 

The image-based approach refers to 2D images or photos that are morphed from one to another in 
order to achieve a desired animation effect (Radovan et al. 2006). It includes morphing and 
blendshape interpolation. (Pighin et al. 2002) combines 2D morphing techniques with 3D 
transformations to automatically produce realistic 3D facial expressions. Another method is the 
blendshape interpolation which is a method of choice for keyframe facial animations. A set of 
blendshapes (key facial expressions) are used to define a linear space of facial expressions. Due to 
the complexity of human expressions, blendshapes need to be segmented into smaller regions where 
key idiosyncracies of the face being animated are present. (Josh et al. 2003) presents an automatic, 
physically-motivated segmentation which learns the controls and parameters directly from the set of 
blendshape instead by manual segmentation. Blendshape interference is a main problem in 
blendshape animation: the adjustment of a single blendshape slider may degrade the effects 
obtained with previous slider movements, due to the overlapping and nonorthogonal effect. (Lewis 
et al. 2005) solves the problem by allowing the user to temporarily designate a set of points as 
representative of the previous adjustments. These points are moved as little as possible while solving 
for blendshape slider which mimic desired new movements. (Deng et al. 2006) presents a semi-
automatic technique to directly animate popularized 3D blendshape face models by mapping facial 
motion capture data spaces to 3D blendshape face spaces. It also improves on the blendshape 
weight-solving algorithm. 

2.6.3.3 Performance-driven Approaches 

Performance-driven animation (also referred to as expression mapping) consists of capturing 
performer's movements and actions in order to use them to animate synthetic characters. It makes 
appropriate use of both the geometry-based and the image-based techniques to do the animation 
(Radovan et al. 2006). It consists of motion capture in order to animate synthetic characters. One 
shortcoming of this method is that it does not generate expression details such as the wrinkles due 
to the skin deformation. (Zhang et al. 2006) develops a geometry-driven facial expression synthesis 
system to solve this problem. Given the feature point positions, the system automatically synthesis 
the corresponding expression image which has photorealistic expression details. Since the number of 
feature points needed in the synthesis system is more than what is available from the performer due 
to the tracking difficulty, an example-based approach is used to infer the feature points motions 
from a subset to solve this problem. Moreover, the system allows the user to edit the facial 
expressions with skin deformation details interactively. (Lan et al. 2007) also presents an intuitive 
interface for interactively posing 3D facial expressions. The user can create and edit the expressions 
by freeform strokes or facial points in 2D screen space. This system automatically learns a model 
prior from an expression database and uses it to remove the ambiguity from user input. A Maximum 
a Posteriori (MAP) framework combing the prior with user-defined constraints generates an optimal 
and natural facial expression which satisfies the user-defined constraints. 

Another main problem is the large amount of key-frame data if constructed manually. This data can 
be derived via an automatic acquisition method, reducing the human intervention and eliminating 
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the face markers. (Borshukov et al. 2003) uses an optical flow and photogrammetric techniques to 
record a live actor performance. This algorithm works by projecting a vertex of the model into each 
of the cameras and then tracking the motion of that vertex in 2D using the optical flow where at each 
frame the 3D position is estimated using triangulation. (Zhang et al. 2004) designs a system goes 
from video sequences to high resolution, editable, dynamically controllable face models. This system 
employs several synchronized video cameras positioned around the performer at a certain angle. No 
facial markers are used and the footage is also suitable for texture and lighting purpose. 

The use of machine learning techniques in the data-driven approaches is an increasing trend. 
(Steinke et al. 2005) uses Support Vector Machines (SVM) method for approximating implicit surfaces 
and computing dense 3D deformation fields. In the surface approximation, 3D head reconstruction is 
presented, including automatic removal of outliers and hold filling. 

2.6.4 Mouth Movements and Lip-syncing to Audio 

Matching dialogue to a character's mouth in order to create the illusion of speech is known as lip-
syncing. The basic unit of speech is known as a phoneme. The mouth shape and facial contortions 
that correspond to phonemes are known as visemes. These phonemes/visemes are used to create 
the illusion of speech on an animated character. (Huang et al. 1998) presents a method mapping the 
audio parameters to the visual parameter set using the Gaussian Mixture Model (GMM) and the 
Hidden Markov Model (HMM). The mapping is trained to map the acoustic feature set the visual 
feature set using the GMM. A lookup-table (each phoneme is associated with one visual feature set) 
is used to find out the sequence of visual features based on the segmented speech sequence. The 
HMM is used to represent the acoustic state transition in the word, to achieve better mapping 
performance for isolated words by exploring the context cue. (Lewis et al. 1987) adapted a linear 
prediction method to provide simple and accurate phoneme recognition. In each frame of digitized 
speech, the co-efficients in the linear model is determined by minimizing a squared error between 
the actual and the predicted speech over some number of samples. The recognized phonemes 
associated with mouth positions are used as keyframes for animation of the virtual characters. To 
quick design and understand the lip-syncing, SmartMouth13 is a good choice, which is a Flash 
extension which automatically analyzes vocal audio tracks and adds mouth shapes, also it allows full 
control of the animation in the ash timeline. 

2.7 Emotion Models for Driving Behaviour 

Facial expression is the most important emotion expression channel in emotional communication. 
(Ochs et al. 2014) listed several methods to build the facial expression models. One method is 
theoretical based and consists in exploiting the empirical and theoretical research in psychology that 
have highlighted the morphological and dynamic characteristics the facial expressions as follows: 

 Categorical Approach. Most of the computational models of virtual character's facial 
expressions are based on the categorical approach proposed by (Ekman et al. 1975). This 
approach is based on the hypothesis that humans categorize facial expression of emotions 
into a number of categories similar across cultures as the Big Six basic emotions (Pandzic et 
al. 2003). 

 Dimensional approach. In dimensional models, a new expression is often created by applying 
some arithmetical operations, such as linear interpolation, on numerical definition of 

                                                            
13 https://ajarproductions.com/pages/products/smartmouth/index.php 
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discrete emotions place in the multi-dimensional space. Models of emotional behavior on a 
3D space called Pleasure-Arousal-Dominance (PAD) Emotional State Model (Mehrabian et al. 
1996) defined by three nearly orthogonal dimensions pleasure (P), arousal (A), and 
dominance (D). The model in (Zhang et al. 2007) is based on PAD and Partial Expression 
Parameters (PEPs) which is a parameterization of facial expressions. PEPs ensure a similar 
amount of details with less number of parameters compared with MPEG-4. An emotional 
expression mapping model is trained to map the emotion state (PAD) into facial expression 
configuration (PEP). The framework is shown in Figure 4. A perceptual evaluation is 
performed to confirm the consistency between the PAD and the human perception on 
synthetic expression. Although the dimensional approach can generate a large number of 
emotional facial expressions, the dynamic and the temporal characteristics of the 
expressions are generally not considered. 

 Appraisal approach. Other approaches are based on appraisal theories, in particular on 
Scherer's theory (Scherer 2001) (Scherer 2007). Appraisal approach as Scherer's 
Componential Process Model (CPM) is a cognitive psychological approach considering that 
the emotional facial expressions reflect how an individual appraises and deals with his 
environment.  

The other method listed in (Ochs et al. 2014) is based on the study of annotated corpus containing 
the expressions of emotions displayed by humans or virtual characters as follows: 

Synthesis of emotional facial expressions from annotated human faces. The facial expressions can be 
synthesized at a low level by retargeting the points tracked on a human face to a virtual mesh, or at a 
high level using a copy-synthesis approach. (Niewiadomski et al. 2012) proposed these two 
approaches: a). High-level animation synthesis from manual annotation. b). Low-low motion capture 
data-driven animation synthesis using machine learning algorithm.  

User-perceptive approach for emotional facial expression synthesis. Some corpus based methods 
suppose that each emotion corresponds a facial expression. However, each emotion can be 
represented by different facial expressions. (Ochs et al. 2011) allows users to create a repertoire of 
each facial emotion type including different facial expressions for virtual characters. 
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Figure 4 – Layered framework for PAD driven facial expression synthesis (Zhang et al. 2007). 

2.8 Standards for Defining and Animating Virtual Characters 

2.8.1 FACS 

(Ekman 1978) proposed Facial Action Coding System (FACS), which provides a naming system for 
expressive activity at different layers of abstraction, from Gross Codes such as chewing, shrugging, 
and nodding through head and eye movement codes, down to Action Units (AUs) identifying 
individual muscle actions. The intensity of FACS is annotated from A to E which corresponds with 
minimal to maximal intensity. Emotional Facial Action Coding System (EMFACS) and Facial Action 
Coding System Affect Interpretation Dictionary (FACSAID) are encoded in a specific notation, for 
example, Surprise = 1+2+5B+26. 

2.8.2 MPEG-4 Facial Animation 

Moving Pictures Experts Group MPEG-4 standard covers numerous aspects of virtual character 
description, including the modeling of human bodies, faces, and text-to-speech output. MPEG-4 
works by defining several feature points known as Facial Definition Parameters (FDPs) on top of a 
facial skin mesh and animates those feature points using the corresponding Facial Animation 
Parameters (FAPs). The FAP values are always relative to key facial distance between Facial 
Animation Parameter Units (FAPUs). (Moussa et al. 2010) maps MPEG-4 FAPs of a virtual face to a 
robotic face and generate expressions on the robotic face. XFace14 is a set of open source tools for 
creation of MPEG-4 and keyframe based 3D talking heads. It accepts MPEG-4 FAP les and SMIL-Agent 
scripts as input, outputs to screen or AVI video, supports muscle method deformation and keyframe 
based animation using targets morphing, blending of visemes, emotions, expressions, head and eye 
movements. 

                                                            
14 https://xface.fbk.eu/index.html 



 

29/06/2016 | ProsocialLearn | D4.7 1st Expressive Virtual Characters 

 

  Page | 19 

 

2.8.3 BML & FML 

The Behavior Markup Language (BML) is an XML based language that can be embedded in a larger 
XML message or document simply by starting a <bml> block and filling it with behaviors that should 
be realized by an animated agent15. BML is not concerned with the communicative intent underlying 
the requested behaviors. Functional Markup Language (FML) (Heylen et al. 2008) specifies the 
communicative intent behind an agent's behavior. (Vilhjálmsson et al. 2007) and (Le et al. 2012) 
proposed the SAIBA framework as shown in Figure 5 for real-time multimodal behavior generation in 
ECAs. This framework contains three components: a). Intent Planner, defines the communicative 
intents that the agent aims to communicate to the users such as emotional states, beliefs or goals. 
b).Behavior Planner, selects and plans the corresponding multimodal behavior to be realized. c). 
Behavior Realizer, synchronizes and realizes the planned behaviors. Between these stages, FML 
describes intent without reference to surface form; the FML still remains largely undefined. BML 
describes human nonverbal and verbal behavior in a manner independent of the particular 
realization or animation methods used. Both languages FML and BML are XML-based and do not 
refer to specific animation parameters of agents (e.g. wrist joint). 

 

Figure 5 – The three stages of behavior generation in the SAIBA framework and the two mediating 
languages FML and BML (Le et al. 2012). 

2.9 Generating Group Behaviour 

When people walk through a room full of people, they usually do not think explicitly about their leg 
movements, body orientation, gaze direction, posture, etc. These actions usually occur 
spontaneously without much conscious effort (Kendon 1990). To automate such behaviors using 
virtual characters, (Pedica and Vilhjálmsson 2008) presents a platform for producing group 
conversation dynamics in shared virtual environment. It has a steering layer in the avatars to 
manage a set of prioritized behaviors. A social force field is generated to make the formation of 
conversation groups fluidly adapt to external and internal noise by repositioning and reorientations. 
Jan et al. (Jan and Traum 2007) proposes a social force field to drive behavior. An agent is motivated 
to move toward a certain position and this motivation is modeled as a forced depending on the 
position of the other participants. However, this approach does not take orientation into 

                                                            
15 https://www.mindmakers.org/projects/bml-1-0/wiki 



 

29/06/2016 | ProsocialLearn | D4.7 1st Expressive Virtual Characters 

 

  Page | 20 

 

consideration. (Ravenet et al. 2015) proposes a computational model for the real time generation of 
nonverbal behavior for turning-taking strategies and group formation in multi-party conversation 
supporting interpersonal attitudes.  

Two approaches are applicable to the simulation of dynamic group behavior:  

A particle-based system approach, where particles are animated in real time by the application of 
forces. This approach is well suitable for modeling global collective phenomena where the number 
of participants is large. (Heigeas et al. 2003) simulate emergent human behaviors using a physical-
based particle system. Two elementary repulsive forces are incorporated to simulate the jamming 
and flowing behaviors. (Treuille et al. 2006) proposes a framework which integrates global planning 
and local collision avoidance for crowd dynamic continuously driven by potential fields. These 
methods offer a potential to integrate with agent-based models.  

An agent-based systems approach, in which each agent is managed in real time by rules of behavior. 
(Musse et al. 2001) describes a model for simulating crowds of humans in real time with a hierarchy 
composed of virtual crowds, groups, and individuals. It offers the possibility of increasing the 
complexity of group or agent behaviors according to the problem to be simulated. However, the 
rules of social interaction such as conversation are not taken into account. (Reynolds 1999) models 
emergent collective phenomena with an agent-based system, using a steering force to the agent, 
which offers the idea for other complex modeling of collective behaviors. (Rehm et al. 2005) uses 
theories of social proxemics and formation to simulate the dynamic distance and orientation 
between pairs of humanoid agents based on their interpersonal relationship. It offers the simulation 
of changes in relationship over time based on simulated personality and classification of group 
interactions.  

2.9.1 Static formation structures 

(Kendon 1990) defines a conversation as an instance of an instance of an F-formation system. F-
formation is the organization of three social spaces: o-space, p-space, and r-space. The o-space is a 
convex empty space surrounded by the people involved in the conversation, which each participant 
looks inward into it, and no external people is allowed in this region. The p-space is a narrow stripe 
which surrounds the o-space, and it contains the participants. The r-space is the space outside the 
p-space. (Yamaoka 2008) establishes a model for information-presenting robots to appropriately 
adjust their position which consists of four constraints for establishing o-space: proximity to 
listener, proximity to object, listener’s field of view, and presenter’s field of view. The effectiveness 
is verified on humanoid robots. 

The social interactions and F-formation are detected from video. (Cristani et al. 2011) employs takes 
the positions and head orientations of the people in a scene to detect F-formation based on a 
Hough voting strategy. The votes are linearly accumulated by just summing up all the weights of 
votes belonging to the same cell. (Setti et al. 2013) improves this approach by using the weighted 
Boltzmann entropy to aggregate the votes. It also compares two main approaches: Hough voting 
and Graph Theory, highlighting the strengths and weaknesses of both in different real life scenarios. 
(Setti et al. 2013) presents an unsupervised approach built upon a novel multi-scale Hough voting 
strategy. It is based on a competition of different voting sessions, each session specialized for a 
particular group cardinality. Afterwards, a fusion step based on a majority criterion is performed to 
produce the final set of groups. (Setti et al. 2015) proposes a graph-cuts based framework for F-
formation detection based on the position and head orientation estimates of targets. It 
demonstrates a strong robustness to noise and versatility in recognizing groups of various 
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cardinality. (Vascon et al. 2015) develops a game-theoretical framework embedding constrains on 
how subjects have to be mutually located and oriented, which is supported by a statistical modeling 
of the uncertainty associated with the position and orientation of people.   

2.9.2 Dynamic formations 

(Alonso-Mora et al. 2011) presents a multi-robot control method for pattern formation. Optimal 
final positions are obtained independently of the number of robots using the Voronoi coverage 
method. The trajectories are visually appealing in the sense of being smooth, oscillation free, and 
showing fast convergence. Motions are guaranteed to be collision-free for the case of multiple 
differentially-driven robots. (Alonso-Mora et al. 2013) presents a fast and distributed method for 
local collision avoidance among non-holonomic robots, a method capable of handling very crowded 
situations and that is suitable for application to virtual character formations. 

2.10 Perceiving Virtual Characters 

2.10.1 Virtual Body Motion 

The appearance and behavior of the virtual characters are based on the cultural background of their 
designers. There is a risk that a specific behavior in one culture will lead misunderstandings in 
another culture. (Pease 1993) describes several such cases. (Kistler et al. 2012) proposes that the 
users can easily control an avatar through the body movements and adapt the behavior to the 
cultural background of the agents they interact with. 

2.10.2 Studies Involving Human Faces 

In RPG games, such as World of Warcraft, EVE Online, as a player's reputation with an NPC's group 
increases, he gains access to better items. However, these NPCs provide no behavioral feedback to 
show their attitude which will impact the game engagement (Normoyle et al. 2013). Here, a 
transition matrix was used to set gaze probabilistic transitions between different positions and also 
the gaze duration. It showed that the viewers can distinguish between high and low trust animations 
and this effect can hold for different facial expressions and scene contexts. And it explored that trust 
is uniquely conveyed over other attitudes associated with gaze, such as interest, unfriendliness, and 
admiration. 

(Oosterhof et al. 2008) identified traits (such as trustworthiness, dominance et al.) that are inferred 
from emotionally neutral faces. And the faces with corresponding traits are collected. In Principal 
Components Analysis (PCA) of trait judgements of these faces, two dimensions are generated: 
trustworthiness and dominance (which are orthogonalized). As shown in Figure 6, models 
representing face trustworthiness and face dominance have been studied and evaluated. And 
another social judgement, threat, is reproduced from the two orthogonal dimensions of valence and 
dominance (by rotating the trustworthiness dimension 45clockwise and the dominance dimension 45 
counterclockwise). 
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Figure 6 – Examples of a face with exaggerated features on the dimensions of trustworthiness, dominance, 
and threat (diagonal) (Oosterhof et al. 2008). 

2.11 Interaction with Virtual Characters 

A range of affordable sensors are now available to detect and interpret many different types of 
human behavior. See D3.1 User data acquisition and mapping in game environments for an in-depth 
treatment of sensing possibilities. These devices can be leveraged in numerous ways in order to 
provide enhanced interactions with virtual characters. 

2.11.1 Mapping from Body 

2.11.1.1 Kinect 

To check the user's body, Microsoft Kinect sensor is commonly used. It consists of an RGB camera, a 
depth sensor and a multi-array microphone. (Kistler et al. 2012) proposes that the users can easily 
control an avatar through the body movements based on the Kinect sensor. By using the framework 
"OpenNI" (Open Natural Interaction), the middleware "NITE" (Natural InTEraction)16 and appropriate 
drivers17. Figure 7 shows the user in front of the Kinect (from left to right). Firstly in the RGB image, 
secondly in the depth image and at last in the tracking image which includes the user's shape (cyan), 
the tracked joints (yellow circles) and the simplified skeleton (black). 

                                                            
16 https://www.openni.org 
17 https://github.com/avin2/SensorKinect 
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Figure 7 – Kinect: RBG-, depth, and skeleton tracking-image (Kistler et al. 2012) 

Research in motor impairments rehabilitation uses the Kinect to access the performance of 
rehabilitation (Chang et al. 2011). The Kinect also enables movement features to be captured, such 
as kinetic energy, contraction index, smoothness and fluidity, etc., for emotion recognition (Piana et 
al. 2013).  

2.11.2  Leap Motion Sensor 

Leap motion sensor is like Kinect, but with higher resolution and smaller observation area which 
makes it ideal for hand tracking. Hand gestures are related to emotions as (Kessous et al. 2010) 
suggests. (Gunes et al. 2006) presents a bimodal database (FABO) which combines affective face and 
body information. 

2.11.3 Body Motion Analysis 

Approaches for analysis of human movement can be broadly categorized as motion capture-based 
and vision based (Peters et al. 2011). In motion capture-based approaches, markers are positioned at 
the joints of the person whose movement is to be tracked, allowing for positions, angles, velocity, 
and acceleration of the joints to be very accurately recorded. However, the vision-based approaches 
do not require optical markers or sensors to detect motion, such as Kinect. 

We can control an avatar by tracking a user's physical movements using the devices in the previous 
section. However, to generate meaningful human-agent interactions, human motion should not only 
be captured but be interpreted in a social context. (Kistler et al. 2012) implements a toolkit for the 
recognition of four categories of posture and gestures. (Gunes et al. 2015) proposes a representative 
approach for affective state recognition from the FABO database (Gunes et al. 2006) by detecting the 
interest points in video and using Canonical Correlation Analysis (CCA) for fusion. (Peters et al. 2011) 
used Hidden Markov Models (HMMs) to represent the spatial and temporal structure of gestures. 
Another approach to human movement and gesture analysis consist of taking into consideration the 
expressive characteristics of movement is also introduces. 
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2.11.4 Mapping from Face 

2.11.4.1 Facial Motions 

Detecting human faces in the scene is a requisite of utmost of importance for an agent to engage in 
interaction with users. (Peters et al. 2011) summaries the methods of detecting faces using skin-
colored regions segmentation and detecting human facial features automatically. Several facial 
features are listed below: 

Eyeball movement and blinking: (Ruhland et al. 2014) reviewed eyeball movement, including 
saccades, Vestibuloocular Reflex (VOR), and vergence. Related research on analyzing the fixation, 
movement velocity, etc. are reviewed. As eye blinks can be seen as spontaneous, voluntary or 
reflexive and linked to cognitive state and engagement, (Apostolakis 2015) detected blinks and blink 
rate and length of blinks are analyzed. 

Gaze distance and gaze location on screen: The gaze distance is the result of approaching or 
withdrawing from the sensor, which can provide information of user's posture during the activity and 
the user's positive or negative experience. (Apostolakis 2015) detected the gaze distance by 
measuring the scale of Active Shape Model (ASM). Eye gaze location provides the information of scan 
paths and gaze pattern, which can be analyzed to evaluate the user's engagement. With ASM fitting 
algorithm, (Apostolakis 2015) detect the user's eye coordinates and locate the user's pupil center. In 
the later, the gaze point on the screen is located by mapping eye corner-to-pupil center to a 
corresponding screen coordinates. 

Pupil diameter. Pupil diameter is known to change in different emotional states: (Bradley et al. 2008) 
provided strong support for the hypothesis that the pupil's response during affective picture viewing 
reflects emotional arousal associated with increased sympathetic activity. In (Apostolakis 2015), the 
real-time pupil contour is extracted to be analyzed. 

Visual attention: (Asteriadis et al. 2009) has shown that the interest of a person towards a web page, 
multimedia presentation, video clip or any other form of electronic document is the degree of 
engagement or interest towards the computer screen.  

2.11.4.2 Facial Appearance 

(Pighin et al. 2002) presented a set of techniques for creating and animating 3D virtual models from 
photographs and videos. The texture of the 3D models is recovered from the input photographs. 
Figure 8 shows the model-fitting process. This article built a set of face models based on several facial 
expressions. These models are blended to express a wider range of expressions. The linear blended 
model is used to estimate the face position, orientation, and the facial expression at each frame. 
(Afifi et al. 2015) proposed a low-cost system that generates near-realistic virtual character based on 
shape interpolation methods. 
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Figure 8 – (a) a set of input images with marked feature points, (b) facial features annotated using a set of 
curves, (c) generic face geometry (shaded surface rendering), (d) face adapted to initial 13 feature points 
(after pose estimation) (e) face after 99 additional correspondences have been given (Pighin et al. 2002). 

However, model fitting is achieved by manually specifying a set of correspondences between the 
face model and feature points on the photos. A Javascript library clmtrackr18 helps to fit facial models 
to faces in videos and images based on Constrained Local Models (CLM) by regularized landmark 
meanshift (Saragih et al. 2011).  

                                                            
18 https://github.com/auduno/clmtrackr 
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3 Virtual Characters and Prosocial Systems 

In this section, we consider the role and use of virtual characters as components in prosocial systems 
concerned the development of prosocial skills. 

3.1 Prosocial skill development 

Prosocial domains, such as empathy, trust, cooperation, compassion, fairness and generosity have 
been well studied. While these high level concepts arise in interactions with humans, it is noteworthy 
that they may also arise in human interactions with artificial systems, especially those with a human 
form and human-like behaviour.  

The CASEL approach (see D2.6 Prosocial Game Design Methodology) focusses on five social and 
emotional learning competencies. Virtual characters have important roles to play in enhancing the 
development of these competencies of self-awareness, self-management, social awareness, 
relationships, and decision-making. It is possible to achieve this due to four important qualities 
supported by virtual characters: simulation, repetition, control and role-play. 

3.1.1 Simulation 

Virtual characters are core components in the development of social simulations. In a similar manner 
to the advantages that simulation offers to other domains, here it provides learners with the ability 
to experiment, learn from mistakes and try new strategies without potential repercussions present in 
the real-world. Virtual characters represent an important component in ‘learning social laboratories’, 
safe environments in which children can practice new behaviours and experiment without risking 
social repercussions of their actions, for example, by offending a person if they make a mistake or 
attracting negative peer opinion. Simulation also implies that some form of learning may take place 
offline and in the absence of scarce or expensive resources, thus enhancing the learning process if 
used correctly. 

3.1.2 Repetition 

Building on the theme of simulation, virtual characters are capable not only of the simulation of real 
behaviours, but are able to repeat them without becoming bored, tired or degrading the quality of 
their performance in any way. This repetition is also extremely cost effective: Once the behaviour 
and appearance of a virtual character has been defined, it may be reused without incurring extra 
costs for each performance, in contrast to the performances conducted by humans. In a similar 
manner to the way in which virtual characters are employed in movies as safe stunt doubles in 
dangerous situations, they can also be used in demonstrations situations where it would be 
potentially harmful or embarrassing for a human to conduct the task. Since virtual characters can be 
easily copied, group situations are naturally supported in cases where the use of human extras would 
not be possible or very prohibitive (i.e. classroom situations where there are not many teachers 
available for large numbers of students). 

3.1.3 Control 

Virtual characters are controllable in a very precise manner. Unlike human actors, when they repeat 
behaviours, they are capable of doing so precisely. Furthermore, they are also capable of altering 
their behaviour in a very specific manner, providing multiple levels of control to human directors. For 
example, at the highest level of control, individual aspects of the virtual character may be precisely 
altered, such as pupil dilation or the exact intensity of a smile. The direction of humans cannot take 
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place at such a fine level of control and it is not possible for human actors to produce the exact same 
performance twice i.e. the exact same motions that comprise behaviours. While it is possible to 
record and replay videos of them, this involves the loss of interactive qualities, such as the ability of 
the actor to look at specific members of the audience or to interrupt their performance. Virtual 
characters are capable of repeating their performances exactly while retaining interactive 
possibilities. 

3.1.4 Role-play 

Virtual characters naturally support role-play opportunities, both as NPCs that are controlled by an AI 
and also as avatars that represent the user. As NPCs, virtual characters may be provided with a 
multitude of appearances and behaviours that support their roles in compelling game environments. 
In terms of prosocial games, these roles can vary from demonstrators and participants in the direct 
demonstration of prosocial skills, to story tellers who are fundamental to creating rich and engaging 
game worlds. Many possibilities exist with avatars, that are player controlled. The voice, appearance, 
dialogue and other behaviours of these characters can be set in order to help players assume their 
intended roles. Further possibilities exist in relation to modifying and adapting user behaviour. For 
example, decisions that the player makes can be changed in real-time or expressed in a variety of 
manners that help to maintain role-play and create entertaining scenarios. Since virtual characters 
are simulated, there are also great potentials for perspective-taking, for example, by shifting the user 
between the control of different characters in order to allow them to see and understand the same 
event from the perspectives of multiple participants. The utilisation of such an ability as a gameplay 
mechanic could be an indispensable training tool for helping one to understand how to take the 
perspective of others. 

Virtual characters therefore represent important tools for enhancing the effectiveness of learning, 
fitting well into a skill-streaming approach (see D2.6 Prosocial Game Design Methodology). For 
example, modelling, the step-by-step demonstration of the behaviours associated with prosocial 
acts. As we have seen above, virtual characters naturally support a number of modelling enhancers. 
They are capable of detailed and controlled demonstration in a cost effective manner. The ability to 
repeat behaviours indefinitely, while remaining interactive, is an advantage of virtual characters and 
in the learning domain, this supports instruction enhancers, such as over-instruction. 

Furthermore, the embodiment and appearance of virtual characters may be changed and their 
behaviours altered, supporting efforts towards generalization and ensure that they maintain their 
engagement. This is usually possible for little. Appearance variation may be with respect to similar 
embodiments e.g. changes of face, hair colour and style, clothing and so on (see Figure 9), to more 
extreme changes of embodiment e.g. more realistic versus cartoon-style characters. As described 
above, virtual characters also strongly support role-play, both as NPCs and as avatars that can alter or 
change the appearance and behavior of the user. 
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Figure 9 –Virtual characters are important tools for enhancing the effectiveness of learning. The appearance 
and behaviours of virtual characters can be changed in order to ensure that they attract the attention of 
the user and maintain their engagement. 

3.2 Expressive behaviour 

Expressive behavior is at the foundation of any activity involving virtual characters. Virtual characters 
should have the means to effectivity express their emotions, relationships, intentions and so on, 
whether it is through the use of audio (e.g. voice) or visual (e.g. facial, full-body animation, use of 
icons) means. 

 

 

Figure 10 – Nonverbal signs of prosocial character from (Keltner et al. 2014).  

In models of prosociality, for example, non-verbal behavior has acknowledged as an important 
component. For example, the SAVE framework of prosociality (Keltner et al. 2014) brings together a 
number of works concerning non-verbal behavior and prosociality (see Figure 10). The significance, 
for example, of mutual gaze, smiles, head nods and laughter towards prosociality is noted. 

Virtual characters are capable of a range of expressive full-body behavior communicating social cues 
and basic and complex emotion states (see Figure 11). Since humanoid virtual characters often share 
a similar embodiment to humans, studies from domains that deal with human behavior also provide 
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insights towards the creation of behaviours for virtual characters. In both areas, studies generally 
focus on the facial area; the body (excluding facial expressions); full face and bodily expressions; and 
higher level expressions potentially associated with impressions of prosocial character (Keltner et al. 
2014) e.g. trustworthiness, cooperation. While such expressions are often considered to be 
emotional in nature, that is not necessarily always the case. Many social cues, for example, are based 
on communicating attentive states, for example, expressing social engagement through 
appropriately maintained eye contact. The appearance and embodiment of virtual characters are 
also of importance. These can be altered, while retaining the same core qualities of the motions that 
relate to behaviour. 

 

 

 

Figure 11 –Virtual characters are capable of a range of expressive full-body behavior communicating social 
cues and basic/complex emotion states using multiple modalities of expression. 

3.3 Roles in prosocial games 

Three general roles have been identified for virtual characters in relation to the ways in which they 
may support prosocial games: 

3.3.1 Virtual demonstration and role-play 

Characters that are capable of demonstrating behaviours related to the development of prosocial 
skills through their full-body motions, facial animations and proxemics. Children attempt to re-enact 
(i.e. role-play) the behaviour of the characters as part of a classroom activity or game. For example, 
they may describe how they feel when role-playing the part of a very high valence/arousal character, 
versus that of a more subdued one. 

3.3.2 Real-time copying and modification 

Aspects of user appearance or behaviour are copied in real-time and mapped onto a virtual 
character. This mapping may be direct, or may also be altered at run time, for example, to make the 
avatar do a simplified, more/less intense, or a completely different expression. This role is interactive 
and therefore relies heavily on fast and robust detection and interpretation capabilities. 

3.3.3 Visual representation of the user’s internal state 

The colour and behaviour of avatars representing user may be changed in order to explicitly signal a 
change, or an expected change, in a user’s internal emotional state. This could be a powerful 
technique, since the avatar is representative of the user and represents a more direct connection to 
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them than through the interpretation of the expressions of other characters. It therefore has a 
variety of uses, from demonstrating what the user should be feeling in certain interaction situations, 
to being used by to actively share their feelings in cases where the individual may not want or be 
capable of doing so directly i.e. the avatar mediates their expressions. 

3.4 Behaviour design 

Unlike the detection of human behavior, the design and generation of artificial behavior is primarily 
focused on impressions of human users i.e. to what degree they think that a specific generated 
expression looks as it should. This implies a perceptual-based design approach that is user centric in 
the sense that it is focussed on how users rate and judge expressions, rather than solely on the 
behavior generation process. For this reason, while domains such a trustworthiness, users may still 
readily attribute qualities such as trustworthiness to virtual characters based on their appearance, 
behaviours and actions. 

For example, studies involving human faces have shown that impressions of trustworthiness, and 
related factors such as credibility, may vary based, to some degree, on the appearance of individuals 
(Willis and Todorov 2006). For example, in politics, potential links between election outcomes and 
candidates’ perceived trustworthiness and attractiveness have been studied (Little et al. 2012). 

Other studies involving human faces, facial characteristics such as the shape and positioning of the 
eyebrows, cheekbones, chin and nose can affect impressions of trustworthiness (Todorov et al. 
2008). In a study examining the effects of camera angle on face perception, Sätelli (Sätteli 2010) 
concluded that the general the credibility of a person is altered by the vertical camera angle used. 
Camera positioning is important in other ways: one must also consider the visibility of the various 
body parts of the character. After all, if a part of the body, such as the face, is not visible, then it can 
be expected to contribute little to the expressive abilities of the character. 

3.5 Levels of interaction 

As described above, the view type of the camera and the distance of the camera from the avatar or 
NPC, has an impact on the visibility of different parts of the body and therefore is an important 
consideration when animating expressive behaviours. For example, when a camera is very far away, 
the facial expressions of the character may not be visible, and full-body or group animations become 
more important. Conversely, if the camera is very close to a character, there may be little need to 
animate the body of the character, and instead, more detailed expressions made by the face become 
more important. The aspects of the scenario therefore help to define some of the requirements of 
expressive body motions required by virtual characters. There are three general levels at which users 
will generally interact with characters: Face, full-body and at a distance (see Figure 12). 

 



 

29/06/2016 | ProsocialLearn | D4.7 1st Expressive Virtual Characters 

 

  Page | 31 

 

Figure 12 –Three levels of interaction with virtual characters that require the visual perception of a user to 
be taken into account when conducting communicative behaviours (from left to right): Face, full-body and 

at a distance.   

Face (F): This is a close-up of the face of the avatar, which can be clearly seen. The rest of the body is 
not visible. Main aspects: detailed facial expressions, facial cues, gaze. 

Full-body (FB): The full body of the avatar is visible, in addition to the face. There may be a small 
group of characters, however they necessarily will be positioned close to each other. Main aspects: 
general facial expressions, gaze (esp. head movement), body motion and orientation, limited 
proxemics. 

At a distance (AAD): The full body of the avatar is visible at a distance and embedded in a larger game 
environment. Facial expressions are typically difficult to see, so the full-body motion may be more 
important for conducting expressions. Multiple characters may be present at some distance from 
each other and may be part of various social formations. Main aspects: gaze (esp. head movement), 
body motion and formation (orientation, proxemics). 

Thus, the modalities to be employed by a character to express their emotional state or to conduct 
social cues such account for the level of interaction that is taking place. In gameplay terms, these 
three levels of interaction map onto a variety of typical game types. Traditional isometric RPGs (see 
D2.2 Prosocial Game Scenarios), for example, fall into the category of AAD interaction. In older 
games, very few features of the character may be visible, and therefore full-body expressions will 
often be accompanied by written or spoken dialogue, or the use of icons to represent 
communication (for example, in the case of The Sims by EA Maxis19). In these cases, the player may 
be making decisions for a number of NPCs from a high level, so little facial animation is required.   

3.6 Virtual characters and game mechanics 

Virtual characters support many possibilities in terms of both game mechanics and learning 
opportunities. In order to maintain engagement, a common requirement in games is that they 
engage the player by remaining challenging and adapt to the skill level of the player (see D4.3 1st 
Prosocial Game Mechanics). This is also a requirement in learning, where tasks that are too 
challenging or too easy may lead to disengagement and non-optimal learning outcomes.  

Virtual characters support variation of challenge that meet both gameplay and learning objectives by 
allowing the complexity of the appearance and behaviours of characters to be precisely altered in a 
controllable manner. This fits well, for example, with the intrinsic skill atoms approach (see D2.6 
Prosocial Game Design Methodology) where game design are set out to unite game and learning to 
such an extent that learning the skills is an intrinsic part of playing the game. 

                                                            
19 http://www.thesims.com 
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Figure 13 – Variations in the intensity and complexity of full-body and facial expressions conducted by 
virtual characters, in addition to the realism of their appearance, support more challenging interpretation 

attempts that may form a basis for game mechanics and enhanced skill development.   

Behaviour complexity: One method in which difficulty may be tuned for virtual characters is through 
a variation of the complexity of their expression, from basic emotions, to emotion sets that may be 
frequently confused with each other, to complex emotions. When we think of expressive behaviour, 
often notions of basic emotions such as happiness and sadness arise. While prototypical basic 
expressions of emotion may be frequently encountered in media and animations, they are less 
common in natural settings. Complex emotions, such as interest, a more pervasive in natural 
everyday interactions and may be far more difficult to interpret, even by adults.  

Behaviour intensity: Typical emotional expressions in media are often also quite intense. As in the 
case of behaviour complexity, interactions in natural settings are, on the other hand, often far more 
subtle. 

The control of the intensity of emotional expressions conducted by virtual characters, for example in 
their facial behaviour, is a trivial yet powerful mechanism for learners. For example, increasing 
challenge settings in game might correspond to the use by virtual characters of more subtle facial 
expressions. In the opposite case, characters may strongly exaggerate their expressions in order to 
better accommodate those struggling to interpret their meanings. 

Appearance complexity: The complexity of the embodiment of the character is also significant. 
Cartoon like characters that a shaded in a simple manner and possess fewer, more prominent 
deformable features allow for simpler expressions to be created. At the other end of the scale, 
photorealistic virtual characters that mimic every nuance in terms of lighting, shading and animation 
may have expressions that are more difficult to interpret, but they are also representations that are 
closer to real world situations. 

These variations in complexity and intensity of the appearance and behaviour of virtual characters 
can be combined (see Figure 13) in order to produce a broad range of difficulty levels that are 
suitable to a range of skill levels, from beginners and those with difficulties in interpreting emotional 
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expressions, right up to complex and difficult to interpret real-world behaviours about which even 
professional annotators may disagree. 

A number of possible game scenarios have been defined that may make use of these types of 
difficulty levels. Some first implementations are described in Section 4.3 while more ideas linking 
games and virtual characters to specific prosocial skills are provided in Appendix (Section 8). 
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4 Technical components and demonstrators 

4.1 Virtual character controller 

The purpose of the virtual character controller is to generate the expressions and behavior of the 
virtual character. This control typically consists of a mixture of pre-recorded motions (for example, 
those captured from humans using motion capture technologies) and procedural motions that are 
specified by computer algorithms. While pre-recoded motions are usually more realistic in nature, 
since they are captured directly from humans, they are not suitable in dynamic circumstances. For 
example, the eye-gaze motions of a virtual character may be recorded from a human and replayed 
on a virtual character. However, a more flexible approach is required if the gaze motions are to be 
directed to specific objects in a scene, especially in dynamic and interactive scenarios. Even in the 
case of prerecorded motions, a controller will be required to merge actions together in order to form 
a coherent result. 

The generation of behavior may take place at multiple levels of control. This could be thought of as 
presenting the amount of control that one has over an actor (virtual character). At the lowest level of 
control, one may provide high-level instructions and leave it to the character to decide how it will 
execute them. At the highest level of control, one may specify the rotations and translational 
movements of individual bones in the body of a virtual character. There are many level of control in 
between these and specifying appropriate levels of control is important for supporting a range of 
users, from novice users, who may just want the character to make happy expressions, to those well-
versed in animation who may want complete control over each muscle in the character’s face.  

Specifically, the primary purpose of the virtual character controller is to select and specify series of 
eye-gaze, face, full-body and proxemics (distance, orientation) related expressions and social cues in 
order to support prosocial scenarios. In order to do this, a series of controllers are specified that are 
responsible for animating the full-body of a character, including its face, gaze and body, and for 
controlling the animation of groups of characters. These controllers, specified next in the following 
subsections are assembled in a hierarchy in order to simplify the control task of the human and 
become especially important when controlling groups of characters. 

4.1.1 Full-body control 

The full-body controller (see Figure 14) is responsible for animating the face and body of a character. 
Typically the animation of the face of a character consists of a series of deformations of a facial mesh 
to match the facial expressions made by humans to communicate emotions, in addition to the 
rotations of the eyeballs and head in order to conduct gaze motions. The animation of the body of 
the character is usually defined as a set of rigid-body transformations operating on a hierarchy of 
bones that define the skeleton of the character.  
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Figure 14 – Full-body control relates to the animation of the expressive behavior of a single virtual 
character through its body motions, facial expressions and gaze. 

 

4.1.2 Group control 

The group controller (see Figures 15 and 16) coordinates individual characters (through their full-
body controllers) in order to adjust their formations when in groups and to control their 
conversational/interaction behavior within the groups, for example, setting the speakers and 
listeners and selecting appropriate behaviours. The group controller therefore consists of two sub-
controllers: the conversation controller and the formation controller. The conversation controller to 
control their conversational/interaction behavior within the groups, for example, setting the 
speakers and listeners and selecting appropriate behaviours. The formation controller is concerned 
with the positioning of virtual individuals with respect to each other when they are in groups and 
dynamic events, such as individuals leaving or joining the group. This form of control is based both on 
task and the social relationships between the individuals. 
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Figure 15 –The group controller coordinates individual characters (through their full-body controllers) in 
order to adjust their formations when in groups and to control their conversational/interaction behavior 
within the groups, for example, setting the speakers and listeners and selecting appropriate behaviours. 
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4.1.3 Copy controller 

The copy controller is a sub-controller of the virtual character controller that links it to input from 
sensors that are capable of detecting the behaviours of users (see D3.1 User data acquisition and 
mapping in game environments). The copy controller therefore represents a pathway between the 
behaviour generated by the user and the behaviour generated by the virtual agent.  

The mapping between detected user behaviour may take place at several levels and over several 
modalities. Mapping may take place at a low level, for example, copying feature points that are being 
tracked on the face of the user and directly applying those to deform the face mesh of the virtual 
character. Alternatively, higher level mappings are also possible. Here, copying takes place with 
respect to interpreted emotional states or social cues from the analysis components and are then 
mapped onto a library of high level animations. For example, if the user makes a facial expression of 
happiness, an animation relating to happiness is replaying on the face of the virtual character. Unlike 
the low-level copying of behaviour, in this case, the actual movements on the virtual face may be 
very different to those that were originally conducted by the user, although both will express 
happiness. 

In terms of modalities, a subset can be defined for copying. For example, when using a web-camera, 
it is likely that only facial behaviours, such as gaze and facial expressions, will be copied and less likely 
that full-body expressions would be mapped. In these cases, the facial behaviour of the user are 
copied while the behaviour of the remainder of the body and the group continues to be generated 
automatically. 

The functionality of the copy controller is not strictly limited to copying aspects of the user's 
behaviour. It may also alter behaviour. This opens the possibility of many interesting scenarios 
where, for example, the virtual face may exaggerate or simplify the behaviours made by the user, 
may suppress certain categories of motions (for example, may just copy a user's general gaze 
direction and not copy their facial expressions), or may even conduct behaviours that express the 
opposite of what the user expressing. 
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Figure 16 – The formation controller is concerned with the positioning of virtual individuals with respect to 
each other when they are in groups and dynamic events, such as individuals leaving or joining the group. 
This form of control is based both on the task and social relationships between the individuals. 

The timing of behaviours may also be altered in the copy controller. This may provide different 
possibilities, as a behaviour that is conducted very quickly after the user behaviour may appear to be 
mimicry, while behaviour copied after a longer period may be interpreted by the user as being more 
reactive behaviour. Using these capabilities it is also possible for the virtual character to adapt to and 
personalise their behaviour with respect to that of the user, even if it takes place over relatively brief 
periods of time. 

4.2 Personalised authored avatars 

Realistic modeling of human facial features is both one of the most challenging and sought-after 
elements in computer-generated imagery. Reconstructing the likeness of one’s physical appearance 
onto a virtual 3D character carries over great added value for audio/visual enterprises, such as 
movies or video games. Virtual avatars of both player characters and NPCs will be subject to tools 
and methodologies that aim at achieving photo-realistic resemblance of the target user. These 
avatars will be built from the input of simple web-cameras using tools developed in free, non-
restrictive web-based environments. 

The REVERIE Avatar Authoring Tool (RAAT) is a JavaScript-based 3D library extending upon Three.js20, 
which contains algorithms, tools and templates for creating and deploying web-based 3D character 

                                                            
20 http://threejs.org/ 

http://threejs.org/
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authoring applications (Apostolakis & Daras, 2013). The library accommodates for interchangeable 
character 3D assets, including meshes and textures, providing the means to switch between parts, 
tools that aim at customizing specific avatar parts and selection of specific part textures. The library 
is capable of generating character face geometry and textures from user uploaded facial images 
using a component called the Photographic Texture Composer. This component receives an image of 
the user’s face as input and, on demand and in real-time, will: a) “bake” an appropriate texture for 
the 3D character’s face mesh asset using the latter’s generic UV map template; b) modify the face 
mesh asset’s geometry by shifting mesh vertices to better fit the 2D shape of the user’s face; and c) 
appropriately apply Laplacian blending between the virtual character’s diffuse texture skin tone and 
photographed user face skin tone, resulting in a seamless matching of varied texture interchangeable 
body parts.  

This enabled the creation of tools for webcam-based facial avatar generation employing a marker-
less facial landmark tracking scheme based on ASMs, or Active Shape Models (Cootes, Taylor, 
Cooper, & Graham, 1995), applied to frames obtained from a standard HD web camera. Our 
framework directly applies changes to the mesh geometry through a one-by-one correspondence of 
the 3D mesh vertex data to the 2D tracked facial landmarks of the ASM shape, which is fitted onto an 
instance of the user's face at each consecutive camera frame (Apostolakis & Daras, 2015). The 3D 
shape geometry of the virtual avatar is reconstructed based on the 2D ASM geometry resulting from 
the fitting process.  After generating the character mesh geometry and texture, standard 
deformation techniques, like blendshape morph targets can be applied to generate a multitude of 3D 
geometries based on a single person’s avatar face mesh, allowing 3D user caricatures to be created 
with ease in real time (see Figure 17). 
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Figure 17 – Example of functionality of the webcam avatar facial reconstruction framework, showcasing 
both vertex and texture coordinate deform options. Top row: (a) Template 3D face mesh; (b) webcam input 
frame; (c) corresponding real-time ASM fit; and (d) 3D reconstructed face with high amount of realism. 
Second row: original reconstructed face mesh (a) and three examples (b, c, d) of caricature avatars obtained 
by applying morphs in real time, as part of the avatar geometry deformation options 

Obtaining a shape model of considerable detail (i.e. modern, real-time virtual character face meshes 
consist of over 500 vertices for enhanced visual detail) requires training on a large dataset of human 
face images. Such training is done by annotating (usually by hand) each image, keeping landmark 
annotation consistent throughout the entire database. This process is almost inconceivable for a 
human annotator, given the amount of detail required and the close proximity of a large number of 
landmarks due to the geometry structure of the 3D model meshes. In order to address this problem, 
an intuitive web-based visual annotation application was created using the RAAT library (Apostolakis 
& Daras, 2013). The annotation tool was developed specifically for generating ASM files targeted by 
the library’s PTC framework. The application was designed to accelerate the annotation procedure, 
by allowing annotators to superimpose an instance of the entire face mesh over the image and make 
appropriate adjustments to the face 3D pose, its anthropometric features (eye/nose/mouth size, 
position, rotation etc), as well as the facial expression visual cues, such as individual Action Units 
(Ekman & Friesen, 1978) and FAPs (Ostermann, 2002). This is achieved by selecting between a large 
set of pre-defined blendshapes modelled for the generic template mesh in an external 3D modeling 
application. 
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Once the annotator has approximated the overlaid face image landmark geometry, an automatic 
process that projects the superimposed 3D model vertices to the 2D image plane generates an 
annotation file for the image. The annotation of a single image with over 500 landmarks is possible in 
less than 5 minutes, notable since traditional annotation schemes may take as much time for 10 
times less landmarks per model. 

Since the landmarks recorded onto the annotation files are merely 2D projections of the 3D model’s 
geometrical structure, a 1-to-1 correspondence of landmarks-to-3D vertices is guaranteed. Figure 18 
illustrates the use of the annotation tool, emphasizing the scheme’s efficiency. 

 

Figure 18 – Screenshots of the RAAT-powered web-based annotation tool developed and used for quickly 
annotating images with high resolution (>500) ASM landmarking schemes such as the one depicted in this 
image, featuring 511 vertices. The left image showcases the ASM model in wireframe mode which greatly 
helps placing groups of landmarks in their correct positions. The right image showcases the ASM model in 

generic textured view, which helps define facial features such as the eyebrows, lip lining, nostril outline etc. 

The process of reconstructing 3D vertices from ASM tracking data can be applied onto virtually any 
3D character mesh, provided that an appropriate ASM model is built using the mesh face vertices as 
the template. Therefore, characters created using this method can be as detailed as desired by the 
user. An example of a high-poly 3D photo-realistic avatar consisting of 1761 vertices for the face 
mesh is shown in Figure 19. 
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Figure 19 – Front and side view of real-time 3D facial avatar anchored at chin with body mesh. 

For users who would like to incorporate their own facial appearance onto the character, an authoring 
application based on the RAAT library provides access to a character face customization option, 
based on the previously mentioned Photographic Texture Composer (PTC) utilizing the framework 
described above. Users are able to start up their webcam via a WebRTC interface and take a single 
snapshot. Application designers are left to design the actual user interface for implementing this 
process at their own convenience. After the PTC is invoked, users should be prompted to wait for the 
PTC to complete the generation of the face texture, geometry and blending. Once the PTC completes 
its internal processes, the end result can be displayed and animated, in a dedicated 3D Viewer 
powered by the RAAT library, providing a good glimpse of what the character will look like within the 
game scenarios. Users are then able to repeat the process as many times as they like, using different 
photographs to create different characters in a matter of minutes An example avatar authoring 
application implementation of the PTC framework is demonstrated in Figure 20. 



 

29/06/2016 | ProsocialLearn | D4.7 1st Expressive Virtual Characters 

 

  Page | 43 

 

 

Figure 20 – Example of the RAAT PTC framework implemented within a web-based avatar authoring tool. 
The user takes a snapshot using a webcam and the character’s default face is replaced with a “baked” 
texture of the user. The character’s body skin tone texture is then blended with the user’s detected skin 
tone to generate a unified physical appearance of the character’s skin. 

 

4.3 Small Demonstrators 

Development of emotional and social behavior for virtual characters is being exemplified through a 
number of small demonstrators that are under development. 

 Design process for creating expressive virtual characters that involves feedback from users 
about virtual characters, both appearance and behaviour, in order to inform the design of 
characters capable of effectively conveying emotional expressions and social cues, in 
addition to more difficult terms, such as trustworthiness. 

 Development of a prototype system for mapping facial expressions from people onto virtual 
characters, with a focus towards improved modelling of eye-gaze during human-agent 
interactions. 

 Development of a prototype game focussed on the recognition of emotional expressions and 
social cues, in order to support classroom scenarios focussing on the development of skills 
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for identifying emotions in others and for developing the vocabulary of students in terms of 
emotion words. 

The following describes each activity in more detail: 

4.3.1 Identifying social cues and emotions 

A prototype game, Emotions with Friends (Figure 21), concerns the recognition of social cues and 
emotions. A first prototype of the game has been created, featuring two levels of difficulty and facial 
and full-body behaviours for two virtual characters. The characters have two embodiments that 
differ in terms of realism. The first is a simplified manga-type cartoon character while the second is a 
more realistic and detailed human male. Additional characters may be added in a straightforward 
manner to the game. The same sets of behaviours, i.e. the same basic motions, are played across 
different characters. The purpose of the game is to support classroom scenarios focussing on the 
development of skills for identifying emotions in others and for developing the emotional vocabulary 
of students. The game is not intended to provide feedback to the students about whether they are 
correct in selecting various expressions, but instead to support discussions afterwards concerning 
their choices. 

 

Figure 21 – Emotions with friends displays a range of non-verbal emotional expressions to players and asks 
them to select the most appropriate, which is then compared to the choices of other players. The current 

prototype features cartoon (left) and more realistic (right) appearances. 

4.3.2 Emotions and trustworthy characters 

A Brief Game of Trust (Figure 22) involves participants in multiple short rounds of a guessing game 
with a set of full-sized virtual characters. The virtual characters differ not only in terms of their 
appearances, but also behaviours. In addition to neutral behavior, a number of different behaviour 
types are defined. For example, joyful characters adopt happy facial expressions and maintain good 
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eye contact with the player while angry characters have a facial expression of anger and also have a 
closed body stance, with their arms crossed. 

 

 

Figure 22 – A Brief Game of Trust. This demonstrator involves multiple rounds of a guessing game that takes 
places with a virtual character. Preliminary evaluations took place on a large 4K resolution screen at KTH 
Stockholm, allowing the use of a life-sized virtual character. 

 

4.3.3 Mapping between real and virtual facial expressions 

An early prototype for investigating the real-time mapping of facial expressions from real to virtual 
characters has been created using Unity 3D and the CLMTRACKR21 facial expression detection library 
(Figure 23). Mapping between real and virtual expressions can take place at a number of levels. Our 
initial investigations concern high level mapping i.e. interpretation of an emotion label based on the 
user’s facial expression, mapped onto a pre-recorded, similar full facial expression used to animate 
the avatar. Many other mapping possibilities exist, in terms of copying subparts of the face, specific 
regions, direct facial feature point mappings and synchrony alterations (timing of the users behaviour 
and the visual response from the virtual face).  

                                                            
21   https://github.com/auduno/clmtrackr  
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Figure 23 – Example of basic gaze and face mapping between a user and a virtual face in real-time using a 
web camera. 

4.4 Preliminary evaluations 

A series of preliminary evaluations have been conducted in laboratory environments with adult 
participants in order to obtain feedback on the design of virtual characters and how their behaviours 
and appearance are interpreted by humans. 

 

Figure 24 – Design of trustworthy virtual characters focusing on their facial appearance. 

Both a pre-evaluation (mid 2015; 11 participants) and main evaluation (early 2016; 30 participants) 
was carried out in KTH, Stockholm with adult participants. The aim of the initial study was to inform 
the design of virtual characters capable of conveying trustworthiness through their appearance (see 
Figure 24).  
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A Brief Game of Trust was tested in KTH, Stockholm in mid 2016 with 20 participants in order to 
investigate the recognition of emotional expressions of characters and how it relates to impressions 
of their trustworthiness. It also established the contribution of behavior versus actions to the overall 
impressions of trustworthiness over different time scales in game scenarios with virtual agents. 

Characters from both a Brief Game of Trust and Emotions with Friends were also used in an emotion 
and social cues recognition study involving 20 participants. 

The prototype Emotions with Friends game was presented to teachers in FYROM in April and was 
very positively received, with a majority of participants rating the game with maximum scores across 
all categories, which involved the utility of the game in a classroom scenario as a basis for supporting 
classroom discussions around emotional expressions and vocabulary.  

More substantial feedback is being sought for all of the demonstrators as part of a user-centered 
design methodology in order to further inform their development. 
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5 Conclusions 

This document represents the first version of the background, design and application of Expressive 
Virtual Characters to prosocial game scenarios. It has presented an overview of the field of virtual 
characters, with a special focus on the important fundamental techniques employed to make them 
behave in an expressive manner. The role of virtual characters in the development of prosocial skills 
through games has been investigated, in addition to approaches towards the effective use of virtual 
characters in prosocial games. The technical components involved in the creation of expressive 
behaviours and social cues has been presented in addition to demonstrators under development to 
for investigating and evaluating virtual characters. 
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7 Annex A 

Preliminary list of ideas for small game scenarios involving virtual characters linked to a subset of the 
non-exhaustive list of prosocial skills from D2.6 Prosocial Game Design Methodology. Comments 
column relates to the suitability of the scenario to various view types, potential utility and possible 
constraints/requirements. Note that this list relates to scenarios where the virtual characters may 
play a more interactive or gamified role with the user. 

  
Skills Role of virtual character Comments 

 
Skills for friendship 
 

Using nice talk Demonstrate talking politely, while using 
calm gestures and maintaining eye contact. 

Suitability: Face, FB, 
AAD 

Introducing self to others Demonstrate polite introductions, while 
using warm, open gestures, pleasant facial 
expression and maintaining eye contact. 

Suitability: FB, AAD 

Introducing others Demonstrate the polite introduction of 
others, using hand gestures and body 
orientation to reference them to the viewer. 

Suitability: FB, AAD 

Joining in a conversation Moving close to the group, interest through 
eye gaze in what the group is saying 

Suitability: FB, AAD 

Joining a Play Group Gaze behaviour, distance and synchrony of 
activity type 

Suitability: AAD 

Sharing About Oneself Storytelling agents that disclose information 
about themselves. 

Suitability: Face, FB, 
AAD 
Utility: low 

Learning About Others This has many similarities to active listening 
avatars. 

Suitability: Face, FB 

Being an Active Listener Listening agents may demonstrate because 
feedback provided to show that you are 
interested in what the speaker is saying, for 
example, in terms of head nods and eye gaze 
direction. A more complex interaction 
possibility relates to reflecting aspects of the 
users emotional for example, for the agent 
to look sad if the speaker is sad. 

Depends primarily on 
platform detection and 
interpretation abilities. 
Suitability: Face, FB 

Giving and receiving 
compliments 

Giving compliments is very feasible in terms 
of demonstration. Receiving compliments is 
not. 

Suitability: Face, FB, 
AAD 

Respect for Others' 
Personal Space 

Game possibilities include a game where you 
should not stare too much at others and a 
game in which you should navigate your 
avatar with respect to orientation and space 
constraints e.g. stay a reasonable distance 

Suitability: FB, AAD 
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from others, do not stand with your back to 
them, etc. 

Not Interrupting Others Creating an avatar that does not interrupt 
the speaker in open dialogue situations is 
very difficult – dependent on speed and 
quality of detection. Possibility for a game 
focussing on avatars that randomly 
interrupts the speaker to demonstrate how 
annoying it can be. 

Depends primarily on 
platform  detection and 
interpretation abilities. 
Suitability: Face, FB 

 
Skills for feelings 
 

Identifying feelings and 
emotions in yourself and 
others 

Avatars may have a prominent role in 
helping children to identify emotions 
through full body motions and facial 
expressions, proxemics. Allow for the use of 
simplified expressions for those who may 
have difficulty in doing so. 

Relates solely to 
identifying emotions in 
others 
Utility: Very high 
Autonomy: high 

Expressing feelings and 
emotions 

As above – support copying games where 
an avatar makes behaviours based on 
emotional states and the child re-enacts as 
part of a class room activity. 

Utility: Very high 
Autonomy: medium 

Regulating your emotions Mood improvement game with a feel good 
avatar. You get points for mimicking 
behaviours of the avatar, such as laughter, 
but perhaps the biggest reward is feeling 
better afterwards.  

Autonomy: medium 

Understanding social cues Avatars may have a prominent role in 
helping children to identify a variety of 
social cues, relating to both emotions and 
conversational skills. 

Utility: Very high 
Autonomy: high 

Dealing with stress Avatars visual appearance reflects your 
internal state. 

 

Dealing with your angry 
feelings 

Avatars visual appearance reflects your 
internal state. 

 

Dealing with another 
person’s angry feelings 

Angry avatar game. An avatar acts in an 
angry way and the player must try to deal 
with it. Class room activity. 

Autonomy: 
low/medium – needs 
classroom support 

Dealing with boredom A patience game where you need to wait 
until the end of a sentence read out by a 
virtual agent before you reply (canned 
response – e.g. ‘yes’ or ‘no’). As the game 
progresses, the sentences get longer and 
longer and more and more boring... 
Who in the classroom is the most patient? 
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Skills for collaboration 
 

Following approved 
directions 

Performative avatar that demonstrates how 
to follow specific directions in a game 
setting. 

 

Paying attention to what 
others are saying 

Similarities with the ‘story telling’ avatar.  Possibly shares a strong 
relationship with ‘Being 
an active listener’, but 
this perhaps also 
involves recalling what 
has been said (likely 
more cognitive). 
Autonomy: low 

Taking turns Difficult to implement in a virtual agent as a 
real-time interactive system.  

Depends primarily on 
platform  detection and 
interpretation abilities. 

Being patient A patience game where you need to wait 
until the end of a sentence read out by a 
virtual agent before you reply (canned 
response – e.g. ‘yes’ or ‘no’). As the game 
progresses, the sentences get longer and 
longer and more and more boring... 
Who in the classroom is the most patient? 

Involves simpler aspect 
of ‘taking turns’ and 
possibly also relates to 
‘dealing with 
boredom’. 
Suitability: Face 
Autonomy: 
medium/high 

Helping others Games involving assistance of avatars that 
appear (through body language) to be in 
need. 

Suitability: AAD 

 
Skills for sharing 
 

Sharing your things with 
others 

Characters that are more inclined to share 
their items with the player, especially when 
the player shares with them: sandbox games 

Suitability: AAD 

Being generous Similarities with sharing, above Suitability: AAD 

 

 


