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Abstract— Research community is increasingly 
acknowledging that emotions play a crucial role in human 
learning procedures. These observations have led Artificial  
Intelligence in Education during  the last decade to integrate 
emotional factors into computerized learning systems. If  the 
system can reason about the emotional state of a user from 
the input  that the system receives, appropriate content could 
be displayed in a way adapted for  the emotion or the mood 
of the user. The aim of this paper is to provide a model for  
applying individualized feedback to a platform  of multiple-  
choice questions in order to help students improve their  
knowledge and acquire a positive attitude towards learning. 
For this purpose, we propose a model so as to provide a 
measurement for the evaluation of student’s mood with 
respect to each question the student is about to answer, and 
determine the agent’s feedback to the student. 

Index Terms— affective learning systems, emotional agents, 
emotion modeling, emotions and learning, individualized 
feedback. 

I. 

II. 

INTRODUCTION 

Certain experiments [1] proposed that the rational 
ability is tightly connected to emotion. Based on these 
experiments, the objective of the approach followed by 
many researchers is the creation of a computing system 
capable of recognizing and expressing emotions. 
Agents able to simulate or process emotional behavior are 
the type of agents that we would call emotional agents.   

Faced with frustration, despair, worry, sadness, or 
shame, people lose access to their own memory, 
reasoning, and the capacity to make connections [2]. In 
many cases students’ intellectual energies and capacities 
are weakened by negative emotional states. Integrating 
emotional agents into computer-aided learning systems in 
order to recognize student’s emotion and respond in a way 
that will  increase positive and decrease negative emotions, 
could significantly enhance learning.   

The student’s recognized emotional state should be 
properly managed from the computer-aided affective 
learning system, based on pedagogical models, which 
integrate our knowledge about emotions and learning. The 
system would assess whether the learning process is 
developing at a healthy rate. If  there is a positive 
development, the system should help the learner maintain 
this emotional state. If  not, the system should induce the 
learner to an emotional state beneficial to learning. 

We develop a platform of multiple-choice questions 
about basic computer knowledge. The students, using this 
platform, will be able to improve their knowledge and 

acquire a positive attitude towards learning. Students may 
be more relaxed when interacting with an agent, than 
when interacting with a teacher, since they can repeat the 
learning material with their own pace [3]. The purpose of 
this paper is to propose a model in order to provide a 
measurement for the evaluation of student’s mood with 
respect to each question the student is about to answer, 
and determine the agent’s feedback to the student. 

THE ROLE OF EMOTIONS IN LEARNING     

One of the first researches who proposed that the 
rational faculty is strongly connected to emotions was [1]. 
Based on the work described in [1], the objective of the 
approach of many researchers is the creation of a 
computing system capable of recognizing and expressing 
emotions. Other humanistic psychologists and educators 
[4], [5] have emphasized on the role of emotions in 
learning. Recent affective neuroscience and psychology 
have reported that human affect plays a significant and 
useful role in human learning and decision making, as it 
influences cognitive processes [2], [6]. However, the 
extension of cognitive theory to explain and exploit the 
role of affect in learning is in its infancy [7]. 

Several theoretical models of learning assumed that 
learning occurs in the presence of affective states [8]. 
Henceforth, it is recognized that positive and negative 
emotional states trigger different types of mental states 
and this can have an important influence on the learning 
process. The research community is increasingly 
acknowledging an intense need for a comprehensive 
theory of learning that effectively integrates cognitive and 
affective factors [7]. 

Emotions can disorder thinking and learning. Research 
has shown that happiness has a positive effect on 
learning, memory and social behaviour [9]. Conversely, 
negative emotional states, such as anger and sadness, 
have been shown to have a negative impact on learning 
and motivation [2]. Positive emotions such as joy, 
acceptance, trust and satisfaction can enhance learning. 
On the contrary, prolonged emotional distress can cripple 
the ability to learn. It is well known that learning or 
remembering something in a state of anxiety, anger or 
depression can be difficult  for any individual [2]. 

However, negative affect initially  focuses the mind, 
leading to better concentration [10]. In situations of an 
urgent threat this is favourable, for it concentrates 
processing power upon the danger. When creative 
problem solving is necessary this is unfavourable, for it 
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leads to narrow tunnel vision [11]. Positive affect widens 
the thought processes, making it easier to be distracted. 
When the problem involves focusing, positive affect may 
interfere with the subject’s concentration, whereas when 
the problem is treated through creative thinking then the 
results are optimal. Similarly, the proper amount of 
anxiety or fear can help individuals to focus, for the 
reason that anxiety focuses the mind, reducing 
distractions. It is when the negative affect is too strong 
that learning tasks are inhibited [12]. 

III.  

IV. 

TOWARDS COMPUTER-A IDED AFFECTIVE LEARNING    

SYSTEMS 
Accurately identifying a learner’s cognitive-emotional 

state is a critical mentoring skill. Although computers 
perform as well as or better than people in selected 
domains, they have not yet risen to human levels of 
mentoring. Even if  the presence of technology is very 
obvious in computerized learning environments, it does 
not, however, take into consideration the affective 
reactions experienced while using such learning 
environments. These observations have led Artificial  
Intelligence in Education during the last decade to 
integrate emotional factors to computerized learning 
systems. An essential condition for the suitable 
management of emotions by a computerized affective 
learning system is the valid and convenient diagnosis of 
these emotions. 

People’s behavior while undertaking a task may be 
affected by several factors such as personality, age, 
experience, general educational background etc. For 
example, experienced computer users may be less 
frustrated than novice users.  Similarly, older people may 
have different approaches in interacting with computers, 
as compared to younger people [13]. Thus, for the 
purpose of analyzing the results of an empirical study, it 
would be preferable if users were categorized into several 
groups, in order to take into account important 
characteristics of each user in the form of stereotypes. For 
example, it is suggested [14], [15], that the integration of 
stereotypes in emotion-recognition systems improves the 
system’s accuracy. Stereotype -based interpretation takes 
an initial impression of the user and utilizes this to build a 
user model based on default assumptions [16]. Stereotypes 
offer supplementary evidence supporting whether the 
assessment of a user’s feelings is correct or incorrect. 

The diversity among individuals shows that the same 
circumstances may be regarded as stressful by one 
individual, but not stressful by another. This is a key issue, 
because it points that it is an individual’s view and 
interpretation of demands placed upon them that provokes 
malfunction to the individual, not the demands themselves 
[17]. We can help the individual to handle negative 
expectations when interacting with a computer system by 
providing adequate feedback. Positive feedback can 
influence and improve low self-esteem students in 
believing that they can accomplish and learn from the 
subject material that they feared the most [18].   

Last years we observe a serious effort in order to create 
agents with dialogic behaviors that are based on social 
rules and lead to the achievement of communication 
objectives. These characters, in which is inherent the 
significance of emotion and personality, are also known as 
embodied conversational agents [19]. Due to the 

emergence of believable and social agents, a number of 
computational models of emotions have been proposed 
within the agent’s community. The goal is to have 
emotional agents who will  be able to recognize user’s 
emotion and respond in a way that will  increase positive 
and decrease negative emotions, according to the 
objectives of each application. 

EMOTIONAL AGENTS IN COMPUTERIZED LEARNING     
ENVIRONMENTS 

The recognition of user’s emotional condition may play 
a vital role to the amelioration of the effectiveness of e- 
learning. The lack of recognition of emotions has been 
considered as one of the main limits of traditional tools of 
e-learning. While experienced teachers can modify their 
teaching style according to the stimuli that they receive 
from their students, the platforms of e-learning in general 
are not capable of receiving feedback from the students, 
and as a result they become inadequate for learning. 
Although the presence of technology is very obvious in 
web-based learning environments, it is not, however, 
taking into account the affective reactions experienced 
while using such learning environments.   

Actual computerized learning environments, whether 
web based or not, usually include a combination of 
carefully structured hypertext, animations and test based 
feedback in a well-organised educational environment. In 
addition, current research aims to provide these systems 
with the ability to recognize a learner’s emotional state 
and activate an appropriately tailored response. Providing 
individualised feedback according to student’s cognitive 
and affective state has been neglected until recently where 
its value has become more apparent [20]. 

Results from conversational agents showed that 
anthropomorphism does not constitute an advantage, 
unless it is combined with sufficient expressive faculties 
of discussion and interaction [19]. Concisely we can say 
that a “learning agent” is supposed to:   

(1) Recognise the running emotional state of the user 
(2) Recognise when to intervene, in order to change the 

user’s emotional state   
(3) Produce the most optimal emotional state for 

learning.   
Emotional agent systems consist of four components: a 

method for interpreting stimuli (input) whether internal or 
external, a computational model of emotions that regulates 
how emotions are generated and managed, a mode to 
direct agent behaviour and actions informed by emotional 
state, and a process for displaying emotional state to the 
world (output) [21]. 

There is a variety of human expressions in computer 
applications, however these are limited in symbolic 
gestures, as a meaning of hand that would mean greeting 
and in expressions that would declare emotion, as is a 
grin. Thus, in the planning of emotional agents, there is an 
effort to develop gestures and expressive characteristics in 
connection to the speech, so as to give naturalness to 
discussions with the users. 
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OUR METHOD  V. 

A person’s emotions could be predictable if their goals 
and perception of relevant events were known [22]. 
According to the OCC model, joy and distress emotions 
arise when a person focuses on the desirability of an 
event in relation to his goals. The OCC model defines joy 
as a person pleased with a desirable event, and distress as 
a person displeased with an undesirable event. 
Implemented in a computational model this can be 
achieved by using agents, artificial intelligence 
techniques, reasoning on goals, situations, and 
preferences [23]. For example, if  the system can reason 
about the emotional state of a user from the input that the 
system receives, appropriate content could be displayed 
in a way adapted for the emotion or the mood of the user.   

Let us assume that students emotional state when 
interacting with the system is dependant on their success 
when answering a set of predefined questions. If a student 
fails to give correct answers to a large number of 
questions there is a high possibility to be exhausted from 
negative feelings. On the other hand, if  the student gives 
correct answers to almost every question, there is a high 
possibility to be positively aroused. We provide a 
measurement for the evaluation of the student’s mood 
with respect to each question the student is about to 
answer, using the following formula: 

q w r w r q M ) ( ) , , ( −= , (1) 

where M is student’s mood, r is the number of correctly 
answered questions, w is the number of questions for 
which the student gives wrong answers, and q is the total 
number of questions up to the current point. 

If  the number of correctly answered questions r, is 
greater than the number of wrongly answered questions 
w, then M, i.e., student’s mood, is a positive number, as it 
is derived from (1), and this indicates that the student is 
in a positive mood.  On the other hand, if  the number of 
wrong answers is greater than the number of correct ones, 
M has a negative value.  In this case the student is in a 
negative mood. When the two numbers r and w have 
equal values, M equals zero, which implies a neutral 
student’s mood. 

It is remarkable in (1) that the quantity (r-w) is 
multiplied by the parameter q.  In this way we take into 
account the fact that student’s mood depends also on the 
number of the given questions.  For example, the student 
feels small pressure when he has answered the first 3 
questions wrongly, and proceeds to answer the next 
question given that the total number of questions is 100.   
On the contrary, if the same student had answered 80 
questions wrongly and he was about to answer the 92nd 
one out of 100 questions, then the emotional pressure 
would be much higher. The opposite would have 
happened if the student was about to answer question 92 
being aware of the fact that he had already given 80 
correct answers.  In this case the student would certainly 
be more relaxed.  Therefore, multiplying by q, we try to 
add the adequate emotional gravity to the good or bad 

record of the student, in proportion to the number of 
questions the student has already answered. 

The maximum value that M can take into the system 
according to (1) is:   

, (2) 

while the minimum value that M can take according to 

(1) is:   

2 max q M = 

. ) ( min 2 q M − = (3) 

Since, according to (3) and (4) we know the maximum 
and minimum values of M, we can use a set of discrete 
values in order to approximate the real value of M. In this 
way, each discrete value of input M is mapped to a 
discrete output value which corresponds to a set of certain 
actions the agent will  perform as a feedback to the 
student. Thus, we can calculate the agent’s feedback to 
the student using the formula shown bellow: 

A = L) , feedback(M , (4) 

where L is the discrete level to which M is assigned, and A 
is the action triggered from the M, L pair. In order to 
provide the agent with a much richer and varying 
behavior, we can attach more than one possible action to 
each M, L pair. These actions could be triggered 
randomly or based on the frequency of their appearance. It 
would be preferable, if the agent wouldn’t repeat the same 
action for the same M, L pair. 

VI. CONCLUSIONS 

Emotions have a great influence on learning 
procedures. Therefore, computer-aided learning systems 
designed to enhance users’ learning experience should 
take into consideration affective factors as well. Towards 
this direction it is important to develop intelligent 
systems, which will  integrate affect recognition and 
emotional expression.   

We aim to develop a platform of multiple-choice 
questions about basic computer knowledge, in order to 
help students improve their knowledge and acquire a 
positive attitude towards learning. Based on previous 
research, we assume that students emotional state when 
interacting with the system has to do with their success or 
failure when answering the questions. We as well take 
into account the fact that students mood depends also on 
the number of the given questions. If the student fails to 
answer too many questions there is a high possibility to 
be exhausted from negative feelings. On the other hand, if  
the student answers almost every question right, there is a 
high possibility to be positively aroused. We propose a 
model in order to provide a measurement for the 
evaluation of student’s mood with respect to each 
question the student is about to answer, and determine the 
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agent’s feedback to the stude nt. More specifically, the 
approach consists in giving an adequate feedback to the 
student’s current mood. This yields a method that is more 
efficient than just applying a non individualized 
emotional feedback as was done in previous research. 
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