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Abstract. This paper presents an Emotionally Intelligent Contents (EIC) 
framework. This framework helps to create content that changes its elements 
(such as textures, color, light and sound) dynamically in response to a user’s 
emotional state. Also, this emotionally intelligent content allows users to add 
their own emotion characters at run-time. This paper presents an overview of 
the EIC framework designed to adapt a game environment to a user’s emotional 
state as measured physiologically or through an explicit rating of one’s affective 
state. It will then describe a couple of applications built with this framework. 
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1   Introduction 

Emotion stimulates the five senses and helps users to become more immersed in game 
contents. However, most emotional contents are created by designers beforehand, and as 
such, users are exposed to pre-designed emotion states, such as sadness or, happiness. 
These emotional contents cannot be changed dynamically at run-time. In this paper, we 
propose emotional contents that can go beyond simply appealing pre-defined feelings. 
These kinds of emotional contents can actively affect the user’s own emotion to either 
intensify or diminish emotional states. This is done by recognizing and analyzing the 
user’s emotional states and accordingly adjusting the elements of the contents in real-
time. In this paper, we refer these kinds of contents as emotionally intelligent contents. 

Emotionally intelligent contents can be used in various application domains, such 
as in education, games and clinics. For instance, emotionally intelligent contents used 
in education may vary in color and sound in order to capture the attention of students  
who get bored with learning materials. Similarly, a emotionally intelligent contents in 
a game may change color and sound according to the users’ emotional states to attract 
more users more into the game. In Fig. 1, the image on the right shows a prototype 
implementation of the emotionally intelligent contents. This emotional game allows 
users to replace the in-game character with their own characters. Then, the color of 
the exchanged character can be changed based on the users’ emotional states.  
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Fig. 1. The system architecture of the Emotion Intelligent Contents Framework (left); The 
Nocturne Thief game built with the EIC framework (right) 

There have been a lot of previous studies that employ users’ biofeedback as input 
data for a game. Neuro Wander [1] used a brain-computer interface for game control. 
Facial expression [2] and speech [3] were also used for recognizing user’s emotions 
that used for an input to the game. Our work, on the other hand, focuses on providing 
users with the ability to express or change their emotions so that they become more 
immersed and engaged into the contents. 

This paper presents a framework that allows easy construction of Emotionally 
Intelligent Contents (EIC). The EIC framework can interpret the emotions of the users 
and present the newly manipulated contents in response to the current emotional state. 
This framework allows users to additionally add or replace an emotional object into 
the content in real-time. These newly added or replaced emotional objects user’s 
emotion or respond to the emotions in real-time as other emotional objects do. 

This paper first describes the design and architecture of the Emotionally Intelligent 
Contents (EIC) framework. It will then present two applications built with the EIC 
framework, EmOcean and Nocturne Thief, and discuss directions for future research. 

2   Design and Implementation 

In Fig. 1, the image on the left shows the system architecture of the EIC framework, 
which is divided into Emotion Processing, Controlling and Rendering modules. The 
Emotion Processing Module reads users’ emotional states via active user input and 
passive recognition. Users’ emotional states can be actively recognized via explicit 
selection, by users, on a graphical user interface. Passive recognition of emotions is 
conducted by analyzing physiological signals, such as, PPG (photoplethysmograph), 
GSR (Galvanic Skin Response) and SKT (skin temperature). For the sake of simplicity, 
emotional states are divided into 9 different states in a two dimensional space.  
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When users’ emotions are retrieved, they are sent to the Emotion Repository 
Module, and then read by the Emotion Receiver and Controller. Passive reading of 
physiological signals is accomplished using the BIOPAC MP100 data acquisition 
system and the home-brew analyzer software built with National Instruments’ 
LabView. The Emotion Processing module runs only on a desktop computer whereas 
the Control and Rendering modules run on both desktop and mobile systems. The 
Control module contains the pre-defined rules that describe how to change the visual 
and aural properties of the three dimensional contents when a specific emotional state 
is received. 

When the system identifies a user’s emotion and the accompanying rule with 
which to apply the emotional state, it will send this information to the Visual and 
Aural Rendering modules. The Visual Rendering module is built on top of the open-
source three-dimensional game engine called Irrlicht. The Rendering modules contain 
a number of C++ classes to support alteration of texture maps, animation, video 
playback, light and fog effects, and so on. The Aural Rendering module written with 
OpenAL supports alteration of sound play speed (i.e., faster or slower). 

In this EIC framework, an emotion character can be added as a new object or can 
replace an existing object. When the emotional content receives a message containing 
a URL, it downloads the emotion character from a web site or loads it from local 
storage to be inserted into the content. Depending on the contents, the emotion 
character can be a dynamic (i.e., moving or animated) object, such as a person or an 
animal, or a non-animated object, such as a tree or a rock. Once this new emotion 
character is added to the 3D environment, the emotion recognized either passively or 
actively would then change the visual aesthetic features of the character.  

When adding or replacing an emotion character, the content must determine 
whether the character will have first-person view, as in a FPS game, or tethered view. 
In tethered view, the player can control the character of the content. When this 
emotion character is added in first-person view content, the content is switched to 
support tethered view. That is, a virtual camera is attached to the emotion character 
and the player actually controls the character’s movement. If the character is removed 
from the content, it switches back to first-person view. When this character is inserted 
in tethered-view, the primary character of the content is replaced. If this character is 
removed, it will revert to the original character. This mechanism is accomplished by 
modifying the scene graph structure of the content without affecting the content logic. 

3   Applications 

The experts in the fashion industry found that feelings of pleasure and states of 
emotional arousal in people increased as brightness of color and luminosity increased, 
respectively. We made a color table for nine different emotional state representations 
based on this finding. In this EIC framework, the texture maps of the emotion objects 
are masked according to user emotion. Similarly, the tempo of the sound (i.e. fast or 
slow) also changed depending on the emotional status. 

We have built a couple of prototype applications using the EIC framework. EmOcean 
is a virtual world for Windows and iOS platforms of an ocean environment populated 
with rocks, fish, coral and sea weed. In the EmOcean environment, a few rocks and fish 
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change their visual properties in response to users’ emotions. In addition, the tempo of 
the background music and sound is adjusted depending on the user’s emotional states. 
Moreover, it is possible to add an emotion character at run-time, which is attached to the 
virtual camera and expresses the users’ emotional status. 

The Nocturne Thief (see Fig. 1) open-source game [4] was re-written with an 
emotionally intelligent environment. The goal of this game is to control the thief 
character to steal gold bars without getting caught by the guards. We ported this game 
to iPhone/iPad platforms and make it be more emotionally-aware with the EIC 
framework. The thief character can be replaced with a user’s own emotion character. 
When the game character is replaced, the emotional avatar changes its color based on 
the users’ emotional states. Since all logistics of user emotion response embedded in 
the EIC framework, no other game logic is modified. 

4   Conclusions and Future Work 

Emotionally Intelligent Contents (EICs) manipulate the visual and aural elements of 
contents in real-time based on users’ emotional states. The EIC framework recognizes 
users’ emotional states actively via explicit selection from the GUI or passively by 
sensing and analyzing physiological signals. Emotion-oriented contents provide 
enjoyment and cause users to become more immersed in the contents, since the 
contents respond to their own emotions. We expect that this EIC framework will 
garner more public attention in the contents industry. In this research, we developed 
an EIC framework designed for easy construction of such emotionally intelligent 
contents. The framework also allows for the adding of emotion characters at run-time, 
which would respond to a user’s emotional states. In the future, further experiments 
will be conducted to determine which elements of the contents would affect the users.  
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