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Abstract 
The existing intelligent tutoring systems available integrate various tutorial strategies, to improve the 
acquisition of knowledge. However, none of them are concerned with the role that the learner’s emotions 
can play. The design of a ITS which takes account of these emotions can be now considered using 
intelligent agents. This article deals with such an experiment and its results. We show in particular how to 
represent and quantify an emotional status, as well as a means to guess the learner’s emotional state. We 
present then the possible reaction to have according to this state, and the influence of these reactions, the 
various encountered problems and the solutions brought. 
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1- Introduction 
 The evolution of computing powers and the advancements in communications allow us to 
construct true multimedia applications. As a consequence, today’s technology permit us to build more 
interactive Intelligent Tutoring Systems (ITS). In this sense, multiple tutorial strategies have been 
introduced. Traditional ITS that used a tutor only, now introduces a companion, a troublemaker, etc 
[1,5]. In Duffy, and retaining the troublemaker strategy, we tried to add a believable (emotional) layer to 
a traditional ITS. We believe that adding human aspects to concrete tutorial machines should ameliorate 
the performance of users.  
 
 In Duffy the tutor and the troublemaker both have pedagogical knowledge that allows them to 
plan their interventions in the learning process, while taking in consideration the emotional status of the 
user that they believe they are dealing with. We believe that emotions will allow the system, to simulate 
different aspects that human users have only encountered in human teachers. We can mainly say the 
following: 
 
1- The engagement of the user reaches high level when the system can project different personalities, 

since these personalities will entertain and push the user to try to understand them. 
2- The system using emotions can now simulate an enthusiasm towards the subject that was not 

possible in previous systems. By varying its emotions the system can project this interest. 
3- The capacity to show positive emotions in response to good performances on the part of the user, 

will interest the latter [2]. 
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 In order to achieve our goals we adopted a large and ample classification for emotions. We will 
be able, finally, to measure the amelioration of the introduction of an emotional layer in ITS. In this 
paper, we are aiming to prescribe on one hand an application that allowed us to experimentally capture 
the emotional status of the user and on the other hand an application that allowed us to use these 
captured information in an emotional ITS (Duffy ITS). After examining the structure of the first part and 
the result obtained, we will present the details of Duffy’s architecture. We will present the reasoning 
behind the tutor’s reaction in front of the perceived user’s emotional status and performance. Finally we 
will comment on the results and talk about possible future expansions. 

 
2- First part: Acquisition of the emotional Matrix 
 
 In order to add a believable layer, we need first to define, quantify and calculate an emotional 
status. 
 
2-1 Emotion quantification 
   
    The use of the term "emotions" in our work is done to its widest meaning. An emotion is not 
simply a feeling that an agent X might have to an agent Y (i.e. hate, like, etc.). It is more, a submersible 
status in which an entity (human or agent in our case) is, that would influence its behavior. Instead of 
limiting our choice to the classical definition of emotions we widened it, to include many types, based 
mainly on previous work done by Ortony and Elliot [3, 4], such as ��		���
�� (i.e., joy, distress, etc.), 
�������������� (i.e. hope, fear, etc.), �������
�� (i.e. liking, disliking, etc.) and etc.  
 
2-2 The emotional couple 
 
   The basic entity in our system is the emotional couple ei. An emotional couple is a duo of two 
emotions that belongs to the same group but contradict each other. If Ei1 and Ei2 are two emotions that 
satisfies the condition just stated, than we can write:   
 

�L�����L���L�������
���������
���	��� �	�����������������������
�����
 
As an example, the two emotions Joy and Distress belongs to the same group (appraisal of a situation) 
and they have contradictory exclusive interpretations (while Joy is being pleased about an event, Distress 
is being displeased). Joy and Distress will make an emotional couple e1 = [Joy/Distress]. 
The ��	 � of an emotional couple is a real number that varies between -1 and +1 inclusively. When this 
value is equal to +1, it would be interpreted that the left emotion in the couple is being experienced to a 
maximum. When the value is equal to -1, it would be interpreted as the emotion on the right side of the 
couple is witnessed to a maximum.  A zero would mean that concerning this group of emotions the agent 
is indifferent. Most of the times the value of the couple is floating between those limit values. 
 
Formally we would have: 
� �L�����L���L����∈ ���!"!�������#����$����
�∈ ℵ �

�L���%!��⇒���L����%!�������L������!��&&���L�����!��⇒���L������!�������L����%!��&&���L�����'��⇒����L����L����'�
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 The emotional status E is the set of all the emotional couples that an agent would have. The 
emotion status is somehow function of the time t (however this variation with t is not continuous, it is 
somehow discrete, since it awaits an event). Formally we would have: 

�������"���"�+"��L"�+�"��Q������������
"���∈ ℵ  
The new emotional status E’ is computed every time an event takes place. It is function of the previous 
status E, and the set of the particularities P(s) that the context posses (see section 4). These 
particularities are external factors that influence the emotional status yet belong to external entities other 
than the emotional layer. 
As an example the performance of the user in an ITS would be an external factor that would influence its 
emotional status but is not a part of it. Again we define P(s) as the set of these factors pi, therefore we 
have: 

,-�.�≡����"���"�+"��L"�+�"��P������������
"���∈ ℵ �
Finally we can write:�����

�/����0��"�,-�.�1�
�
()2��������� ���
���	�����
3��
 
 In order to compute every element ei’ of E’, we will be creating a computational matrix M. M 
will have elements aij that will determine the weight of how much each constituents affects the 
emotional couple ei’. The choice of the values of aij is a very critical issue since it is basically the core 
of the whole emotional paradigm. The next paragraph will present the experimental way by which these 
weights, in the matrix M are to be determined. For the moment, we know that M has the following 
dimensions:�

&4&�������&�&���3��&��%�,-�.&���������3�-�%�. 
And it has the following shape: 
 
 
 
 
 
Now we can calculate E’ as the set of ei, where ei: 

()5��������
���������
���	��� �	���
 In our model we have defined 13 (see table 1) emotional couples shown in table below. These 
emotional couples are based on the work of Ortony and Elliot [3, 4]. 
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Joy/Distress (e1) Happy-for/Resentment (e2) Sorry-for/Gloating (e3) Hope/Fear (e4) 
Satisfaction/Disappointment (e5) Relief/Fears-Confirmed (e6) Admiration/Reproach (e8) Pride/Shame (e7) 

Liking/Disliking (e9) Gratitude/Anger (e10) Gratification/Remorse (e11) Love/Hate (e12) 
Jealousy/-Jealousy (e13)    
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2.6 Architecture of the application 

Figure 1 shows us how to get experimentally the coefficient of the matrix M. 
 

1- Panel 1 is a presentation and usually provides information on the performances of the user and the 
performance of the troublemaker. 
2- Panel 2 describes the possible scenarios in our ITS. It indicates the weight of the question and the 
answers provided to the tutor and the user by the troublemaker. The user will read this scenario and 
varies his emotions accordingly. 
3- Panel 3 contains the 13 emotional couples. The user will use the cursor to vary these couples 
according to his judgement. 
The session goes like this: the user starts with an emotional status and will read the scenarios upon his 
judgement he will varies his emotions. After repeating this operation for 16 times. The system will have 
gathered enough information to solve for the matrix. The solving of the matrix is done by the Gauss 
pivot.  
 
2.7 Results 
 
   Upon receiving different results from different users we proceeded in calculating the average 
emotional matrix. We noticed two main things: 1)  Some emotions are more determinant than the others 
the matrix (i.e. their coefficients are higher) and 2) some emotions fluctuate in the same patterns and 
tends to group together. Based on these remarks, we proceeded to the second part. 
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3- Second part: The Believable ITS 
 
 Duffy ITS is based on the troublemaker strategy [1]. The structure of the system was 
conceptualized in a way to facilitate the user’s interaction with the system. It contains four main 
modules, the interface, the data basis, the student module and the reactive module. Duffy was 
implemented in the java programming language which added a lot of portability and facilities (on the 
interface construction level).  
 
3.1 The interface and the data basis  
 
    The interface is shown in figure 2 and we chose a data basis to teach HTML, since it is a domain 
where it is easy to follow the user’s performance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 : Interface of Duffy STI 

 
 
3.2 The student model 
 
 This module contains all accumulated data and statistics associated wit the user. It represents 
mainly the emotional status and its history, the performance and its history. These entities are 
recalculated at the occurrence of each event. The student model is a very important entity in our system. 
Since we will base all the calculation and the tutor’s reaction on it. Our model is not a thorough 
representation yet it allowed us to proceed with our application. 
 
3.3 The reactive module 
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 This is the core of the system. It’s job is to: 
- Determine when to react 
- React efficiently 
 
3.3.1 When to react 
 
 The user should always be kept in an emotional status that will maximize his knowledge 
acquisition. A reaction on the tutor’s or system’s part should take place when one or many emotions are 
judged unfavorable for the efficient learning process.  
It is very delicate to determine when to react. A Human reaction is intuitive and intelligent which means 
it is not systematic, but rather anticipated and somehow fuzzy. This is why we will have to use the 
classical Artificial Intelligence aspect of fuzzy logic to deal with the emotions and their quantification.  
 
3.3.1.1 Fuzzy quantification of the problem 
 
 In our problem values of the emotional couples will be considered as inputs and the outputs 
produced are the intensity of each reaction produced by the tutor. We defined three levels of intensity for 
the values of emotional couples and we associated to these levels a probability curve (figure 3).  
 
 
 
 
 
 
 
 
 
 
 
 
   
 

Figure 3: Example of a probability curve for the Joy/Distress couple 
 
 
We established the same set of curves for the different possible reactions. 
 
3.3.1.2 Fuzzy quantification of the problem 
 
   To establish the rules of reaction we associated each emotional couples to a reaction couple.  
We will call ei the emotional; couple and ri the associated reaction couple. A reaction couple is formed 
by linking each reaction in the couple to an emotion. The value of an emotional couple is a value 
between –1 and +1. 
For each of these associations [ei, ri] we defined the following rules. 
- If ei  is high than ri is low 

������ ���	 
�� 

�������������������� 

�
��
�
��

���
��
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- If ei  is low than ri is high 
- If ei  is medium than ri is medium 
 
Taking as an example the first rule. Suppose that the value of ei is –0.5 has a probability of belonging to 
the low level of 0.6 ( read on the curve of probability of the couple in question ). Now we report this 
probability to the reaction curve of the couple in question. The abscissa of the center of gravity of the 
area formed by this operation gives the value of the ri couple ( figure 4 ).   
 
 
 
 
  
 
 
 
 
 
 
 
 

Figure 4 : Our suggestion for calculating the reaction couple values 
 

 
3.3.1.3 Choice of our method 
  
 People who are familiar with fuzzy logic knows that there are more to it then what we are 
proposing. Yet, the complexity of our problem itself (trying to quantify emotions) make us want to 
simplify as much as possible for the sake of practicality. This is why the center of gravity method was 
chosen. However, while implementing, we sensed the need to generalize more and to apply more than 
one computation technique (this will be illustrated in future works, where the results will be shown 
also). A final word at this level is that we used the OR on the resultant curves (i.e. superpose all the 
resultant curves in order to produce a median than get the center of gravity of the resukt). 
 
    
3.3.2 How to react 
     
 Now assuming that our believable “knows” when to react and it needs a way to express it’s 
reaction. We are currently playing on multiple choices at this level, but all sorts of reaction types should 
be displayed by two main actors in the ITS (either the tutor or the troublemaker).  
 
 
 
 
 
3.3.2.1 The tutor’s reaction 

���� ���

�

��������������� �������������

���

Low  level ei High  level ei 
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 The tutor has two main possibilities: 
- It is an animated drawing that passes from one pose to the other in real time following events 

initiated by the user. 
- He provides commentaries, that could be comparative (i.e. between previous and present 

performances, prospective (i.e. controls the level of the next question) or evaluative (i.e. he can 
assure, destabilize, criticize, etc.). All this is done in a text display form, in panels that the user will 
be reading at the end of every event. 

- Finally, we are working on  audio animation (i.e. background music and speech production of midi 
files)  

 
 
 
 
3.3.2.2 The troublemaker’s reaction 
 
 The troublemaker is less representative at this level, but he plays considerably on the emotions of 
the user. However what he can do is either to reduce the happiness of the user by providing him with 
wrong answers while answering in a good way himself. Reinforce the positive feelings in the user, by 
helping him and playing the role of a companion. Or, by playing on the image (i.e. facial expression, 
although not very developed yet) we hope to bring jealousy in the user by showing him gloating for a 
bad answer on the part of the user. 
 
 
 

4- Conclusion 
 
  The application is still at it’s early stages. At first, preliminary conducted testing were somehow 
deceptive. Duffy at first had a problem of estimating the emotional status of the user (as compared to 
human estimation) and therefore reacted wrongly to it. We traced the problem to back to the emotional 
matrix. In fact, human users, who helped us determine the matrix, did not really understand the sense of 
the emotional couples they were varying nor the complexity of the interface. We solved this problem by 
spending on average 30 – 45 minutes with each user explaining to him the meaning of each couple. The 
results at this time were more plausible. The estimation of the user’s emotional status became somehow 
more realistic and the reaction to that status were more reasonable.  
At another level we found out that when the user is a novice the effect of the emotional layer tends to be 
more significant. Experts are less interested in the tutor’s emotional reaction (however no quantitative 
results were produced yet at this level, future work will include it). 
In the future, we will be introducing more emotional couples to Duffy ITS and more reaction couples. 
The addition of audio animation the perfection of the visual animation of the tutor and the troublemaker 
are also under implementation. In one word, we are concentrating on all details that would rapport 
credibility and humanism to the system. 
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 Finally, although as previously mentioned we are at an early stage. We do believe that the 
addition of an emotional or a  believable layer to the traditional ITS will make the learning process more 
efficient. The experience so far only shows the potential of such a system, we are hoping to produce a 
major breakthrough in the ITS technology by refining this technique.       
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