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Abstract – Intelligent Tutoring Systems are meant to 
provide individualised tutoring to students by adapting 
the teaching material to their specific needs and abilities. 
However, their development is a hard task and the end-
result is difficult to evaluate. In this paper we present a 
novel approach for the evaluation of these systems, which 
relies on an agent that may be used as a simulated 
student-user. The evaluation agent incorporates 
modelling techniques of real users that are based on both 
cognitive and temperamental data. The cognitive model is 
based on cognitive psychology and simulates the 
memorisation and retention capabilities of a student. The 
temperamental data creates an image of the student 
concerning the way s/he behaves and the kind of 
personality s/he has. Developers may evaluate the 
tutoring systems using the Agent rather than real 
students. Thus better quality of the end result may be 
achieved at no cost of the educational process. 

Keywords: Intelligent Tutoring Systems, Authoring 
Tools, student modelling, educational games. 

1 Introduction 
 Educational software may serve the aims of 
education very effectively since it can assist students to 
learn and practice new skills without necessarily the 
presence of a human instructor.  However, to benefit from 
educational software to the full, this software has to be 
included in the educational process and has to be designed 
very carefully.  Indeed, a major issue is how to design an 
educational system that is beneficial to students. Towards 
this end, there is a need for the incorporation of reasoning 
aspects into educational software technology, so that the 
interactivity and individualisation abilities of the tutoring 
software may be maximised. Such reasoning abilities may 
be provided by Intelligent Tutoring Systems (ITSs). 

 ITSs have been quite good at providing dynamic 
aspects to the reasoning ability of educational 
applications. They have been shown to be effective at 
increasing students’ motivation and performance in 
comparison with traditional learning methods and thus 
ITSs may significantly improve the learning outcomes [7, 

8]. It has been widely agreed that an ITS should consist of 
four components, namely the domain knowledge, the 
student modelling component, the tutoring component and 
the user interface [10, 11]. In particular, the student 
modelling component contributes significantly to the 
individualisation of the electronic tutoring to each 
student’s needs.  Indeed, the student modelling component 
aims at gaining an understanding of what individual 
students know, how they learn and what their problems are 
while they learn. ITSs are mainly based on Artificial 
Intelligence (AI) techniques. AI in education (AIED) can 
offer ways to develop and test precise theories, and also 
important concepts relevant to individualised learning that 
have largely been overlooked by Education such as that of 
learner modeling; however AIED can scarcely claim to be 
in Education [3]. Indeed a common criticism on ITSs is 
that they may miss the mark in terms of task reality, 
feasibility and effectiveness [8]. 

 In this paper, we address the problem of task reality, 
feasibility and effectiveness of ITSs by introducing a 
novel approach which is based on the reasoning 
capabilities of ITSs themselves. We argue that the 
development and evaluation process of ITSs can be 
assisted by extending the techniques  used for student 
modelling in ITSs. To this end we have developed an 
evaluation component that can be used in ITSs. The 
evaluation component is an agent that acts as a simulated 
student and is meant to be used by instructors-authors to 
evaluate the ITSs that they have authored before these are 
delivered to real students. Thus, authors are given the 
opportunity to fine-tune the courses of the ITSs that they 
have created so as to have better results for the real 
students. 

 As a test-bed for our agent, we have used Ed-Game 
Author [12], an authoring tool for ITSs that operate as 
virtual reality games. An ITS authoring tool is a 
generalised framework for building ITSs along with a user 
interface that allows non-programmers (prospective 
authors) to formalise and visualise their knowledge [9]. 
Ed-Game Author is meant to be used primarily by authors-
instructors who may author their courses and then by 
students who are going to use the resulting courses. It 



offers multiple virtual reality game environments and the 
basic story of these games. Indeed, recently a lot of 
researchers are convinced that education may benefit a lot 
from the incorporation of computer games into it (e.g. [5], 
[2], [1], [6]). Ed-Game Author also incorporates a learner 
modelling mechanism that builds the individual profile of 
each player who is also a learner. Then, instructors may 
insert the material that they wish to teach to students. 

 
 The present research work has led to considerable 
enhancements of the learner modelling component of Ed-
Game Author so that it can constantly make observations 
about the students’ behaviour. These observations mainly 
concern the way students respond to assessment questions 
in terms of the quality and correctness of their answers.  
For example, whether a student’s answer was correct, 
whether the answer was given with certainty or with 
hesitation and if the answer was wrong whether this kind 
of mistake is a frequent one for the particular student etc. 

 The evaluation agent that has been incorporated in 
Ed-Game Author is an application that given a learner 
model, starts “playing” the virtual lesson inside the ITS, 
simulating a real user’s reactions.  

2 Reasoning of the evaluation agent  
 The evaluation agent is constructed for a sole 
purpose: To be able to simulate a user in any aspect inside 
the ITS. To accomplish this the Agent should have 
adequate information so as to be able to mimic the 
student’s actions inside the system. This information is 
stored in the learner’s individual model within the ITS. 
Obviously, to have a solid learner profile, that is stable 
and has adequate information for the Agent, a student 
must have interacted and used the system for at least a 
couple of sessions, during which time the digital image of 
the student is being composed (and stored in the learner 
model). 

 The kind of information that is needed for the 
creation of the digital image of a student, is determined by 
the way a student’s image is perceived by the ITS. This 
means that a student model is determined by the way that 
the system actually understands the term “student”. From 
the system’s point of view the “student-user” is nothing 
more than digital-binary input, either from the mouse 
(clicking on the screen) or from the keyboard. To be more 
exact this is a very low-level image of a “student-user”. If 
we see it from the ITS’s layer then the “student-user” 
represents input of very specific type, for example: 
students’ answers to questions, movement inside the 
Virtual Environment, responses to the system’s interaction 
etc. For the composition of the “student-user’s” digital 
image the ITS needs to keep data for each category of 
input that it may “understand” and may use. Such kind of 

data may be classified into two major categories: The 
“Temperamental” data and the “Cognitive” data. 

The “Temperamental” data include all the information that 
is needed to mimic the student’s reaction inside the Virtual 
Environment of an ITS game. The “Cognitive” data have 
to do with the student’s mental capabilities and his/her 
knowledge level of the domain. 

The reason why both categories of information are needed, 
is the fact that the evaluation agent needs to simulate both 
the knowledge level of a student and the way s/he learns. 
From the way that a student learns depending on the type 
of person that s/he is and his/her cognitive abilities, the 
instructor may understand how motivating and 
educationally effective a course is.  

3  Temperamental model 
Temperamental data is connected to the way that a student 
behaves and responds to the system. In the case of Ed-
Game Author the students’ behaviour is related to the way 
that the student plays the educational game in the virtual 
world. 

The features of virtual reality games include dungeons, 
dragons, castles, keys etc.  In these games the student-
player tries to reach the “land of knowledge” and find the 
treasure, which is hidden there. The difference of these 
games with other commercial games is that in these games 
one must fight one’s way through by using one’s 
knowledge.  However, to achieve this, the player has to 
obtain a good score, which is accumulated while the 
player navigates through the virtual world and answers 
questions concerning the domain being taught.  

 

Figure 1: A screenshot of the game. 



     In the game worlds there are animated agents that 
communicate with the players. There are three types of 
animated agent, the advisor, the guard of a passage and the 
student’s companion. Animated agents, who act as 
advisors, lead the student to lessons that s/he has to read. 
Animated agents, who act as companions are responsible 
for showing empathy to the students and help them in 
managing their emotions while playing and answering 
questions. On the other hand, animated agents who act as 
guards of passages ask questions to players. These 
questions have to be answered correctly by the students so 
that they are allowed to continue their way into the 
passage and receive more points for their total score. An 
example of an animated agent who acts as a guard is the 
dragon, which is illustrated in Figure 1.  

Temperamental data include: 

• The way that the user walks around the virtual 
world. Is s/he lost easily inside the labyrinth? 
Does s/he keep walking around the same places 
(maybe looking for something or just checking 
around)? Does s/he take a lot of time at specific 
locations (maybe staring the surroundings and 
thus being distracted from the system)? 

• How familiar s/he is with the use of a computer. 
While moving around the Virtual Environment 
does s/he keep bumping on physical obstacles? 
Does s/he take a lot of time to navigate through 
the user interface? 

Time plays an important role in temperamental 
measurements. There are many inferences that can be 
drawn for the students’ feelings and reactions depending 
on the time they spend before and after they make some 
actions. Some examples of inferences based on 
observations on time spent for various activities are the 
following: 

• The time that a student takes to answer a 
question.  This measures the degree of speed of 
the student.  

• Pausing time after a system’s response. The time 
the computer is left idle after a response to the 
student is used to measure the degree of surprise 
that the response may have caused to the student. 
At the first five times that the student answers 
questions the system measures this pausing time 
and calculates an average. After that, the system  
has a measure about whether a student’s pausing 
time is out of ordinary and may have been caused 
by surprise.   

     In addition, certain patterns of actions are used to show 
aspects of the students’ cognitive and emotional state. 

Some examples of students’ actions that are used as 
evidence are the following: 

• The number of times that a student presses the 
“backspace” and “delete” button while forming 
an answer. This evidence is used to measure the 
degree of certainty of the student concerning a 
particular answer; the more times the student 
presses “backspace” and “delete” the less certain 
s/he is about the answer.  If the student 
consistently hesitates and does not seem certain 
about his/her answers irrespective of their 
correctness, then this may reflect a personality 
attribute of lack of self-confidence. On the other 
hand, if lack of certainty is occasional then this 
probably means that the student does not 
probably know the particular piece of the domain 
that is related to the exam question that the 
student has answered. 

•     Mouse movements without any obvious intent 
in the Virtual Reality space of the game. This 
kind of evidence is mainly connected to the 
degree of concentration or frustration or 
intimidation of the student; the more mouse 
movements without any obvious intent, the less 
concentrated or the more frustrated or intimidated 
the student is.  

     In some cases, inferences are drawn from the 
combination of two different categories of evidence. For 
example, the degree of determination is calculated as the 
means of the degree of speed and the degree of certainty 
of a student. 

4  Cognitive model 
 Cognitive data include: 

• What the level of the student’s knowledge is. 
This is measured by keeping track of the right 
and wrong answers s/he gives and the time that 
s/he needs to give a correct one. Moreover, since 
the ITS provides help through the use of virtual 
tutors, a metric is also provided from the number 
of times the student uses a tutor to help him/her 
answer a question. 

• The student’s retention capabilities. The agent 
incorporates a cognitive model, which is based 
on cognitive psychology. This model calculates 
and simulates the retention and memorisation 
capabilities of a student and gives the teacher an 
insight on the proportion of the information that 
is actually learnt by a student-player, during the 
Virtual Lesson. 



• The ITS also keeps track of specific statistics that 
have to do with the causes underlying an error, 
for example whether the student made a 
typographic error, or a syntactical or a spelling 
one, etc These metrics are also stored in the 
student model. 

4.1 Retention and memorisation capabilities 

The simulated student-player incorporates a cognitive 
model that keeps track of the students’ memory of facts 
that have been taught to them. For this reason, principles 
of cognitive psychology have been adapted and 
incorporated into the system. As a result, the educational 
application takes into account the time that has passed 
since the learning of a fact has occurred and combines this 
information with evidence from each individual student’s 
actions. Such evidence includes how easily a student can 
memorise new facts and how well s/he can answer 
questions concerning the material being taught. In this way 
the system may know when each individual student may 
need to revise each part of the theory being taught. 

The cognitive model is based on a classical approach 
about how people forget that has been introduced by 
Ebbinghaus [4]. Ebbinghaus’ empirical research led him to 
the creation of a mathematical formula which calculates an 
approximation of how much may be remembered by an 
individual in relation to the time from the end of learning 
(Formula 1). 
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Where: 

• t: is the time in minutes counting from one minute 
before the end of the learning 

• b: the equivalent of the amount remembered from 
the first learning.  

• c and k : two constants with the following 
calculated values: k = 1.84 and c = 1.25 

 
In the cognitive model of the simulated student-player the 
Ebbinghaus calculations have been the basis for finding 
out how much is remembered by an average student. In 
particular, there is a database that simulates the mental 
library of the student. Each fact a student encounters 
during the game-lesson is stored in this database as a 
record. At each time a Retention Factor (RF) may be 
calculated for each fact. The RF represents the student’s 
memory state at that time.  

A further enhancement of the student model is the 
addition of a new factor, the Student’s Retention Factor 
(SRF). The initial Retention Factor (RF) is used to 

measure the portion of a fact that is actually remembered 
by the student after a specific time interval. Although the 
actual calculation of the RF has been modified to take into 
account a portion of the existing student model, the factor 
continues to be based mostly on the Ebbinghaus’ 
mathematical formula, which is very general and does not 
take account the particular circumstances of an individual 
student model. Experiments have shown that this is not 
enough, and that each student tends to have a very personal 
way of reacting inside the system. More specifically, the 
level of retention in previous studies was considered to be 
static and equal to 75%. If a fact had an RF value equal or 
higher than this level of retention, it was considered to 
have been successfully memorised by a student. The result 
of the research conducted was that each student’s base 
level of retention varies, so with the use of questionnaires, 
after the end of the lesson, we checked the facts that were 
actually learnt and compared these results with the ones 
provided by the cognitive model. From this procedure the 
SRF was created, which represented a personalised level of 
retention for each student. 
 
4.2 Diagnostics 

     The educational games perform error diagnosis and 
record all errors that the student may have made. Thus the 
system records a detailed report for every student in the 
student model. While the educational game examines the 
knowledge of students it can distinguish between spelling 
mistakes, typing/keyboard mistakes and errors that are due 
to lack of domain knowledge.  For example, if the student 
types an answer, which contains an extra letter, in 
comparison with the correct one then it has probably been 
a typing error.  If the student types an answer that contains 
a letter substituting the correct one, which is near the 
correct one on the keyboard then it has probably been a 
keyboard error. If the student types an erroneous answer 
that is pronounced in a similar way as the correct one then 
s/he has probably made a spelling error.  The results of 
these answers are then kept in the statistical part of the 
system.  In particular, the students’ errors are kept and 
classified in different categories depending on their 
underlying cause.  

5 The overall architecture 
In our approach and implementation, we use the 
functionality provided by the new technology of the Web 
Services. From the perspective of a system’s architecture, 
Web services are a collection of procedures and/or 
functions that have the ability to be called remotely by any 
external system. What the system may gain from this new 
technology is greater scalability and flexibility. 

By using web services, the system can be cut down to 
relatively small independent pieces, and then distributed 
along the network. For the simulated student-player we 



have created a web service from all the input procedures 
and functions of an ITS, making the system’s core 
independent of the source of input. 

 
The cognitive and temperamental models have also been 
implemented as two Web Services. Using the flexibility 
that this new technology provides, the models are 
expandable while at the same time they can be used with 
almost no effort from various other modules. Web services 
also provide an important advantage, the fact that they can 
run over the Internet. In that way, the models and the ITS 
can actually be in different machines across the web.  This 
is extremely useful for the authors who may try their 
courses on simulated student-players using real students’ 
profiles which may reside in different PCs.  

 

Figure 2: The overall architecture 
 

The implementation of the simulated student-player 
requires computer-computer interaction rather than 
human-computer interaction that is needed for the user-
interface of a standard ITS. Thus the input from the mouse 
or keyboard, which is suitable for real students, is not 
suitable for the simulated student-agent. For this reason, 
another interface for the ITSs was created which was 
called IITSController (Interface Intelligent Tutoring 
System Controller). IITSController is a web service 
provided by the ITS, that gives the caller full control over 
the virtual lesson’s interface. This means that one can 
implement a program, which can reproduce any input for 
the system that would otherwise be generated from the 
mouse or the keyboard. Moreover since IITSController is 
a web service, it may be called by any computer in the 
web, so an application (in our case the agent) may invoke 
remotely the ITS system. 

By using this architecture the system’s core no longer 
“knows” who/what is providing the input, because this is 
not of any interest to it. As a result, it still works, 
calculating user profiles and statistic results but 
irrespective of who/what is interacting with it in the local 
computer. Both the simulated student-player and a real 
student-player are regarded as valid users of the ITS and 
are treated in the same way. 

   The simulated student-player consists of a core module 
and two proxy classes, one that communicates with the 
ITS and one that accesses the cognitive model. At this 
point, we should point out that the agent itself is 
implemented as a web service, thus it can be invoked and 
used through the Internet. 

The agent takes as input a web service for the cognitive 
model, an IITSController, and an ASCII file containing 
the student’s profile as it has been compiled through the 
last couple of virtual sessions. A graphical representation 
of the system’s architecture can be seen in Figure 2. The 
agent uses the information stored inside the student’s 
profile to simulate the student’s actions. 

6  Iterations of the authoring process 
During the authoring process, after the teacher finishes 
describing a new virtual world s/he may ask the simulated 
student-player, which acts as an evaluation agent, to 
“play” the virtual game using different student profiles. 
These student profiles contain long-term characteristics of 
real student-players that have played in other parts of the 
game-course, which had been previously authored by the 
instructor and used by students. These profiles may have 
been stored in the students’ PCs which may be different 
from the author’s PC. However, they can be collected 
through the Internet.  

In the end the teacher views the results and may choose to 
modify the virtual world’s content, so as to emphasise 
some parts of the theory more than others, or s/he may 
find a mistake in the flow of the lesson which s/he may 
wish to correct. With that tool, the teacher may actually 
have a measure of the virtual lesson’s efficiency before 
taking it to class. This allows an iteration of the authoring 
process of the ITS and thus ensures better quality of the 
resulting educational application. Thus, the life-cycle of 
the educational games that are created by instructors may 
contain several iterations as illustrated in Figure 3. Each 
iteration improves the previous version of the system and 
leads to better quality at no cost for the educational 
process. 

 

ITS 
Student 
Model 

   Internet 

Simulated 
student-player 

IITSController 



 
Figure 3:  Iterations of the authoring process 

7 Conclusions 
 In this paper, we have presented and discussed an 
evaluation agent that can be used in the context of an ITS 
authoring tool.  This component can be particularly useful 
to instructors-authors who can evaluate the courses that 
they have created using the evaluation agent rather than 
real students. In this way, instructors may easily identify 
possible deficiencies of the courses that they have 
constructed and thus they may make the necessary 
amendments before the courses are delivered to real 
students. This process may allow instructors to produce 
courses of very high quality to the benefit of education.  

The evaluation agent uses data from real students in order 
to imitate their behaviour while they learn. Moreover it 
uses theories from cognitive psychology to gain an 
understanding of how much new knowledge a student may 
learn and remember after each lesson. For these purposes, 
the evaluation agent described uses both temperamental 
data and cognitive data concerning students in order to 
create a simulation of them. 
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