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ABSTRACT 
 
In the last 100 years we have observed a great development of 
the technology. This development applied to the mass media as 
the radio, the cinema, the television, or Internet have influence 
in the human communication and the interaction of the society 
with the technologies. 
 
The new communicative environments need new actors 
(avatars) with high communicate face expression.  
 
The modeling and the animation of an expressive human face 
are the greatest challenges in computer graphics because we are 
able to detect the nuances of even the most basic movement of 
the face. 
 
The cinema and the video games are the fields that more have 
worked the creation of virtual, “real” and believable characters. 
With this work, we have analyzed the concrete case of the 3D 
animation cinema, studying how the technologies of character’s 
creation (with or without motion capture technique) can 
generate a major empathy with the user. 
 
Nowadays, the animation technique called motion capture is 
usually present in the production of animation cinema. Our 
main objectives are to evaluate if these skills can improve the 
facial animation and if this progress generates amplified 
emotional response on users. 
 
Keywords: 3D facial animation, motion capture, 
communication technology, empathy. 
 
 

1. INTRODUCTION 
 
When a user says “I love or enjoy this movie” or “I like this 
character” it can mean many different things. The kind of movie 
or the technical characteristics of the character that are being 
evaluated can change the experience of enjoying a film. The 
user constructs a parallel story when he is watching a film based 
on his knowledge and social environment (acquired from his 

real experience, e.g. schemas and stereotypes) and his 
experiences with other fictional and non-fictional narratives [6, 
10]. 
 
The audience has emotional reactions to situations and events 
that occur in the films [9, 23, 24], and the emotional reactions to 
entertainment content have been the focus of much theory and 
research [3, 16, 17, 18]. 
 
Perceived realism of mass media content is often defined as “the 
degree of similarity between virtual and real-life characters and 
their behaviours” [23]. We need to research if the realism in the 
facial animation is a main item to obtain a successful connection 
between the society and the cyber-technologies. 
 
The studies about the capture of the movement and the 
animation began throughout 19th Century and were developed 
throughout 20th Century. However, the relation between these 
two concepts will not have a great meaning until a few years 
ago, with the arrival of the motion capture in the computer 
animation. In this study, we will describe a brief perspective and 
its evolution, since Edward Muybridge o Étienne Jules Marey 
until actuality and we will study the empathy of characters that 
are being developed with motion capture in front of animation 
characters without this technology in relation with the user. 
 
With the motion capture technology (mocap), the work of 
animation can develop characters in a reduced time; it 
contributes for better interpretation of the characters, and 
improves the expressiveness of the bodies. This technology 
contributes to generate 3D characters with high reality in front 
of the “classical” animation characters, also known as 
“cartoons”. 
 
Nowadays, we can divide the capture in two types: the body and 
the face. Facial animation is still an immature field, with 
undefined methodology. The human face is an extremely 
complex system that is very difficult to model and the 
researchers are looking for methods to describe and to model 
the human movements. 
 



The aim of the research reported in this paper is to explore the 
evolution of the animation cinema and the implementation of 
mocap to generate 3D characters. We will evaluate six scenes 
from six animation films to identify the dimensions of movie 
enjoyment and empathy of the user with the main character 
studied. 
 
Our main hypothesis is that a character developed with mocap 
has more empathy to the user, because the user identifies with 
the expressions and the facial movements. This view of 
enjoyment is closely associated with mood-management theory 
[25]. 
 
To develop our study, we will focus to evaluating three main 
levels: 
 

• Sympathy related to the character. 
• Narrative Immersion: estimation of the level of 

immersion and identification of the user with the 
character. 

• Narrative Realism: perception incoherence’s in the 
evaluation of the quality and character behaviour. 

2. THE IMAGE IN MOVEMENT AND THE 
ANIMATION 

 
In 1874, Pierre-Jules Janssen (1824-1907) registered for the first 
time a photographic sequence of a natural phenomenon with 
one device: Venus’s traffic opposite to the Sun from Yokohama 
(Japan) with 48 images in 72 seconds. Two years before, 
Eadweard Muybridge (1830-1904) was photographing the trot 
of a horse to demonstrate if in the course of the gallop, this one 
was touching or not with four legs in the ground. But he had to 
wait until 1878. In summer of this year, finally, after diverse 
attempts, in Palo Alto (California), Muybridge realized the first 
photographic sequence of an animal in movement. 
 
The experience allowed other inventors to accelerate the search 
of a system to realize and to project photographic images in 
movement, and to study the movement of the animals and  
people. Étienne Jules Marey (1830-1904), in 1882, invented the 
photographic gun, to obtain with an exhibition of 1/720s, twelve 
images of the flight of a bird, which it allowed him later, and 
seeing that the above mentioned images were small and little 
confirmed, to develop the first “chronophotographies” with a 
fixed plate, where thanks to a camera with a shutter that was 
circulating to great speed he obtained diverse body 
photography’s in movement on the same plate of glass: ten 
images per second with an exhibition of 1/1000 of second. 
 
In 1892, Charles Émile Reynaud (1844-1918), the inventor of 
the “praxinoscope”, he performed the first spectacle of cartoon 
animation with his optical theatre. The device was using the 
combination of two magic lanterns and images in movement 
that had been hand-painted, generally in colour. The resultant 
spectacle was known as “Pantomimes Lumineuses” and was 
realized in the Grévin Museum of Paris, where more than 
12.800 representations were done to more than a half of million 
persons represented until it closed his doors in 1900. Three 
years before the invention of the cinematograph, already we can 
find cartoon animations [4].  
 

At the beginning of the 20th Century, and already in 
"cinematographic age", the capture of the movement and the 
cartoon animation began their relationship with “rotoscope 
technology”, which it was created by Max Fleischer (1883-
1972). 
 
At 90’s, in the computer animation, the mocap technology is a 
procedure that the position is taken of a few points strategically 
placed in the body of a person and the positional information is 
transferred to a virtual avatar of the computer, with hierarchy 
skeleton. With this method, the virtual avatar transforms the 
position of the bones of the skeleton depending on the 
displacement of the capture, and with those points it is possible 
to move any movement of a person to a 3D character. 
 
 

3. THE COMPUTER ANIMATION AND THE MOTION 
CAPTURE 

 
Traditionally, in a film of computer animation, the artists 
construct the majority of characters in 3D with specific 
software. Later, the animators start transforming into some 
frames the variables articulated of the digitized models. Each of 
these variables describes a concrete movement. In this moment, 
the interpreters record his voices repeatedly to perfect his roles. 
When the voices are definitive, the animators begin the 
animation using the recording of the dialog of the interpreters as 
guide by the facial movement. The next process is to fit the first 
sketch of the film and to give to the surfaces genuineness with 
the textures, for example, the wrinkles of a face. Before the 
render (the generation of the final image), we must to apply the 
effects of lighting. With all the information, we can produce the 
finished images that are edited and are sent to postproduction 
for the final cut, generally in thirty five millimetres. 
 
This process already is carried out by “Toy Story” (1995, John 
Lasseter, Pixar Animation Studios and Walt Disney Pictures), 
the first full-length film of the history created entirely by 
computer [5]. 
 
Nowadays, with mocap, the phase of animation of a character 
can be simplified enormously. With the technique of the 
keyframing and the blendshapes, the animation time increases a 
lot of time to create detailed expressions. On the other hand, 
with mocap, the work of animation of main characters is 
performed in a little time. In addition, the mocap contributes to 
the interpretation of the actors, the expressiveness of the bodies 
and the weight of the actions. 
 
A film as “Total Recall” (1990, Paul Verhoeven, Sony Pictures 
and Columbia), already uses the technology of the mocap in 
some scene. In “Final Fantasy: The Spirits Within” (2000, 
Hironobu Sakaguchi, Square, Sony Pictures and Columbia) it is 
usual.  In “The Polar Express” (2004, Robert Zemeckis, Warner 
Bros.), the facial mocap was used for first time. In this film, 
were captured the expressions of the North American actor Tom 
Hanks to interpret a 3D character with a similar look and 
gestural very notably. In “Monster House” (2006, Gil Kenan, 
Sony Pictures and Columbia) Mark Sagar introduces Facial 
Acting Coding (Facs) and the mocap. 
 
Nowadays, the mocap is working with optical systems, like 
Vicom, with more than 48 cameras in some cases, and also we 



work with a mixed system with mocap and keyframing. The 
producer Weta Digital is a good example: One of their works is 
Gollum from “The Lord's trilogy of the Rings” (2001, 2002, 
2003, Peter Jackson) or King Kong (2006, Peter Jackson). In 
these films, to the British actor Andy Serkis, who was 
interpreting to the beast, his movements were captured, both of 
the body and of the face, by mocap, and later the animators 
were basing on this interpretation to animate directly the 
gestures of the beast. For the film, only there was the facial 
capture and they applied this capture to the animation with a 
rotoscope technique. The animators had the gorilla in 3D model 
with different controls (Motion Editing) and thanks to the 
capture, they could have a very near idea of what they wanted to 
animate. 
 

4. EVALUATION OF EMOTION 
 
In the field of the psychology there is not a consensus on 
describing the meaning of emotion [21], because there are a lot 
of definitions. But in the last years, there has been a general 
consensus that the emotions can differ and can be measured [1, 
19]. There are 3D models to represent and measure the 
emotions (Figure 1). 
 

 
Figure 1.- The nature of Emotions [19] 

 
Also we can find 2D simplified representations to measure the 
emotions. Two of them are: “Feeltrace”, developed at Queen’s 
University of Belfast and the most popular and recognized 
system: IAPS (International Affective Picture System [13]), 
revised and replied in several studies to check out its validity 
within diverse cultural frameworks [2, 20, 21].  
 
The system studies the reaction of the user in front of several 
images including different semantic categories. The IAPS 
system is defined as an effective method to check out abnormal 
behavior and emotional dysfunctions in several types of users 
[8, 12, 14], and it quantifies the emotions at a two-dimensional 
representation level: the level of Valence (with a minimum 
value of 1 and a maximum of 9) and the Arousal (or activation, 
level of nervousness that an image exerts to a user, with values 
ranging from 1 (calm) to 9 (maximum excitement): 
 

 
Figure 2.- 2D emotional representation. IAPS [29] 

We can find works centered on evaluating the differences of 
perception for the image depending on the type of user as well 
as depending on the type and amount of emotions that the image 
provokes in the mentioned viewer [11]. Like we can read in the 
mentioned references, the user assigns different descriptors it 
depending on his origin and education or his personal influences 
[7]. 
 
In conclusion, this system is recognized like a valid method to 
measure all kinds of emotional answers of a user in front of a 
visual stimulus. From this affirmation, and adapting the levels 
and values that we want to study, we will be able to use it as a 
measuring method and an analysis in our investigation. 
 
 

5. METHODOLOGY 
 
To evaluate our hypothesis, we have made a specific test based 
on SAM (Self Assessment Manikin), used to evaluate the 
emotional answer of the user in the method IAPS [13]. 
 
We will show to the users 1 minute fragments from 6 animation 
movies, according to the type of facial animation that has been 
implemented. The fragments will show on a projector screen 
with a 1,9m diagonal, a resolution of 1024x768 and in a 
classroom with controlled lighting and “ideal distance” and 
angle of visualization [7]. 
 
We have worked with a group of undergraduate students (n = 
30) experts in computer animation and the film clips have been 
taken from: 
 

• Toy Story (Pixar/Disney, 1995): Facial animation of 
Andy. Keyframe Facial Animation with cartoon 
stylish. 
 

• Final Fantasy (Square/Columbia, 2001): Facial 
animation of Aki. Keyframe Facial Animation with 
real aspect. 
 

• The Incredibles (Pixar/Disney, 2004): Facial 
animation of Bob. Complex Keyframe/Blenshapes 
Facial Animation  with cartoon stylish.  

 
• Monster House (Columbia, 2004): Facial animation of 

DJ. Mocap Facial Animation with cartoon stylish. 
 



• Polar Express (Warner Bros, 2004): Facial animation 
of Hero boy. Mocap Facial Animation with real 
aspect. 
 

• Beowulf (Warner Bros, 2007): Facial animation of 
Beowulf. Mocap Facial Animation with extreme real 
aspect. 

The clips (see figure 1) were selected from a representative 
scene of the film where the main character reflects emotional 
expression on his/her face. All the films and main characters 
were made in 3D computer animation with geometry, textures 
and lighting. 
 

 
 

Figure 1.- Screenshot of the selected animation films 

To evaluate the three main levels previously cited (sympathy, 
narrative involvement and narrative realism), we have included 
the following questions to measure them: 
 
1. Narrative Realism: 

a. Evaluate the “visual look” of the scene and the 
character (from 1, non realistic to 9, very 
realistic). 

b. Evaluate the “animation” of the character (from 
1, non human movement to 9, very realistic 
human movement). 

c. Evaluate the “facial expression” of the character 
(From 1, non realistic to 9, very realistic). 

d. Evaluate the technical quality of the scene 
(modeling, texture, lighting, rendering) (From 1, 
low quality to 9, high quality). 

 
2. Sympathy: 

a. Evaluate the empathy or identification level 
with the character. In other words, are you 
happy or unhappy watching this type of 
character? (From 1, unhappy to 9, very happy). 

b. Evaluate the level of arousal such as excitement 
level that the character transmits us. 

 
3. Narrative Involvement:  

a. How much did you enjoy watching this scene? 
(From 1, nothing to 9, a lot of). 

b. Was the character believable into the scene? 
(From 1, nothing to 9, a lot of). 

6. RESULTS AND CONCLUTIONS 
 
We can see in Figure 2, the results of the test that affirm that 
first hypothesis is not true. It does not have a correlation 
between the improvement that the mocap offers and the 
supposed improvement in the empathy of the characters. 
 

 
 

Figure 2.- SAM test Median values 

 
Polar Express, Monster House and Beowulf are the films that 
use the motion capture. Only Beowulf obtains high value of 
empathy. Other film with high empathy is The Incredibles 
(Figure 3). 
 

 
 

Figure 3.- Character Empathy Median values 



We notice that a cartoon animation as The Incredibles has been 
evaluated with high score in realism because of the quality of 
the film. Viewing the "enjoy level", we can estimate that the 
contribution of the mocap does not improve the empathy level. 
Films like The Incredibles or Final Fantasy improve the results 
in facial expression in front of Polar Express or Monster House 
realized with mocap. 
 

 

Figure 4.- Visual Look Median values 

 
Beowulf, Polar Express and Final Fantasy have a high level of 
activation but with low level of enjoy. These results explain that 
it is very difficult for an animator to achieve realistic results, 
able to overcome the expectations of human observers who are 
experts at watching faces. It is easy, that results to fall in the 
"creepy appearance category" known as the “Uncanny Valley” 
(Figure 5), [15]. 
 
The “Uncanny Valley” hypothesis was introduced in a study of 
the emotional response of humans to robots and other non-
human entities: as the appearance becomes more humanlike the 
response of a human is increasingly positive and empathic, until 
a certain point where the response quickly becomes strongly 
repulsive; then, as the appearance and motion of the entity 
evolves to be (almost) undistinguishable from a human being, 
the emotional response and familiarity approaches human to 
human empathy levels. This gap of repulsive response provoked 
by an “almost human” entity is called the “Uncanny Valley”. 
(Original graph by Dr. Mori 1982). 
 

 
 

Figure 5.- The “Uncanny Valley” 

 

 
 

Figure 6.- Facial Expression Median values 
 
We can conclude that the mocap is a good tool for production 
but the character developed with mocap has not more empathy 
than others methodologies. 
 
It is necessary to create avatars with an image and real 
expression to jump the uncanny valley. But we need a lot of 
computational power. If it was not possible to reach this 
realism, the results conclude that we can reach high empathy 
levels with not real characterization of the character (cartoon), 
without need for an animation with mocap. If we take a look at 
the graph in figure 3, the most communicative face is the visual 
look and the animation of The Incredibles and not the most 
realistic like Beowulf.  
 
The second conclusion is the no influence for communicative 
purposes of the mocap technology. Mocap is important for 
production but no better communicative results for mocap than 
keyframe or blendshapes animation.  
 
The films that use the mocap technology are Monster House, 
Polar Express and Beowulf, and the only one that uses mocap 
and create character empathy is Beowulf.  
 
We can create perfect faces with new engines that jump the 
valley and reach to create believable faces. In this path, our aim 
is to investigate new technologies like Universal Capture, 
Imagemetrics, Contour (Mova) or Aguru, that are new mocap 
technologies that maybe overpass the uncanny valley.  
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