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Abstract — Virtual learning environments (VLEs) are used in 

distance learning and classroom teaching as teachers and students 

support tools in the teaching–learning process, where teachers 

can provide material, activities and assessments for students. 

However, this process is done in the same way for all the students, 

regardless of their differences in performance and behavior in the 

environment. The purpose of this work is to develop an agent-

based intelligent learning environment model inspired by 

intelligent tutoring to provide adaptability to distributed VLEs, 

using Moodle as a case study and taking into account students’ 

performance on tasks and activities proposed by the teacher, as 

well as monitoring his/her study material access. 

 
Keywords — Agents, Intelligent Tutoring Systems, Multi-Agent 

System, Virtual Learning Environments. 

I. INTRODUCTION 

HE number of students with computer access has 

increased substantially in recent years. A qualitative 

change in the teaching–learning process happens when we can 

integrate within an innovative view all technologies, including 

telematics, audiovisual, textual, oral and physical [11]. The 

fact of students seeking information on the computer converts 

them into more active students. “There are activities that can 

be performed with the computer, forcing the student to seek 

information, process it and use it to solve problems, allowing 

the understanding of what makes and the construction of their 

own knowledge” [18]. 

Virtual learning usually offer the same learning experience, 

during the course, for all students, without considering their 

specific needs. The problem is that the students are treated as 

if they always had the same profile, the same goals and the 

same knowledge [12]. 

In order to provide adaptability to learning environments, 

according to student characteristics, and to allow a greater 

interactivity degree between the learning environment and the 

users, the research points to the use of resources provided by 

artificial intelligence (AI) and in particular the use of multi-

agent system-based architectures [15]. 

In agreement with this emerges the motivation of this 

 
 

research: to enhance the teaching–learning process in virtual 

learning environments using artificial intelligence techniques 

to make the environments more adaptive and more interactive. 

This paper proposes the use of agent-based intelligent tutoring 

systems architectures to get personalized teaching strategies, 

taking into account the student profile and his/her 

performance, exploring their skills as best as possible, in order 

to have better and more effective learning in an intelligent 

learning environment. 

This paper is structured as follows: the second section 

presents the theoretical reference and related works, the third 

section presents the definition of the model, the fourth section 

presents an explanation about the model implementation and 

the last section presents the conclusions.  

II. BACKGROUND 

Virtual learning environments are technological tools and 

resources using cyberspace to lead content and enable 

pedagogical mediation through the interaction between the 

educational process actors [14]. The use of these environments 

has increased significantly by the strong possibility of 

interaction between student and teacher that they offer, and by 

easy access anywhere and anytime. The virtual learning 

environments provide tools for interaction, such as forums and 

chats, and enable the provision of materials by teachers about 

the content of the course. 

For Dillenbourg [6], virtual learning environments are not 

only restricted to distance learning. Web-based education is 

often associated with distance learning; however, in practice it 

is also widely used to support classroom learning. The author 

also comments that the difference between these two types of 

education is disappearing. Many students in distance courses 

do not live far from school, but have time constraints. Often 

they work. In addition, there are courses that combine distance 

and presence, which makes for more robust learning 

environments. 

Virtual learning environments, at first, were used primarily 

in distance learning; now they also serve as support in 

classroom courses, as a teacher’s tool to provide materials, to 

review tasks, to keep track of the students on course (activity 
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logs) and also to evaluate them. For students, the environment 

facilitates the delivery of tasks, the obtaining of materials for 

the course and the monitoring of their evaluation.  

Virtual learning environments can be enhanced with 

artificial intelligence techniques, using intelligent agents, 

having intelligent learning environments as result. An agent is 

an abstraction of something that can perceive its environment 

through sensors and can act upon that environment through 

actuators [16]. Intelligent agents are those that have at least the 

following characteristics: autonomy, reactivity, proactivity and 

social ability[21]. 

In practice, systems with only one agent are not common. 

The most common are the cases of agents that inhabit an 

environment containing other agents. There are two major 

types of multi-agent systems: reactive and cognitive. The 

reactive acts under a stimulus-response scheme; the cognitive 

has, in general, few agents because each agent is a complex 

and computationally heavy system[4]. 

A rational agent is one who chooses his/her actions 

according to their own interests, given the belief that he/she 

has about the world. The Belief, Desire, Intention (BDI) model 

recognizes the importance of beliefs, desires and intentions in 

rational actions [20].  

The BDI model represents a cognitive architecture based on 

mental states, and has its origin in the human practical 

reasoning model. An architecture based on the BDI model 

represents its internal processes through the mental states: 

belief, desire and intention, and defines a control mechanism 

that selects in a rational way the course of actions [7]. 

In the context of this work, an agent is considered as an 

autonomous entity, able to make decisions, respond in a timely 

manner, pursue goals, interact with other agents, and has 

reasoning and character. This agent is a of type BDI, with 

beliefs, desires and intentions, and operates in a virtual 

learning environment as an intelligent tutor.  

Intelligent tutoring systems (ITS) are complex systems 

involving several different types of expertise: subject 

knowledge, knowledge of the student’s knowledge, and 

pedagogical knowledge, among others. According to Santos et 

al. [17], an ITS is characterized for incorporating AI 

techniques into a development project and acts as a helper in 

the teaching–learning process.  

According to Conati [5], intelligent tutoring systems are an 

interdisciplinary field that investigates how elaborate 

educational systems provide adapted instructions to the needs 

of students, as many teachers do.  

ITS research has been investigating how to make computer-

based tutors more flexible, autonomous and adaptive to the 

needs of each student by giving them explicit knowledge of the 

relevant components of the teaching process and reasoning 

skills to convert this knowledge into intelligent behavior. 

To Giraffa and Viccari [9], ITS developments consider a 

cooperative approach between student and system. The goal of 

ITS is to complement or replace a human tutor, with the 

advantage of monitoring the student in each learning step [13]. 

Research in intelligent tutoring systems is concerned about 

the construction of environments that enable more efficient 

learning. [8]. 

Intelligent tutoring systems offer flexibility in the 

presentation of material and have the major ability to respond 

to students’ needs. They seek, in addition to teaching, learning 

relevant information about the student, providing an 

individualized learning. Intelligent tutoring systems have been 

shown to be highly effective in improving performance and 

motivation of students [10]. 

Intelligent tutoring systems in virtual learning environments 

potentiate the teaching–learning process, making the virtual 

environment into an intelligent learning environment. 

Intelligent learning environments use AI techniques to respond 

to students’ needs, making that learning personalized [10]. 

According [15], the intelligent learning environment must 

build and update the student model in terms of what he/she 

already knows, which can vary significantly from one student 

to another. 

Related Works 

In order to know the current status of recent research about 

virtual learning environments and the use of intelligent agents 

as tutors in these environments, we performed a systematic 

literature review. Among them, there were three items which 

were most closely related to the purpose of this study. 

“Approach to an Adaptive and Intelligent Learning 

Environment” [1], which proposes an agent-oriented approach 

for the design and implementation of an adaptive and smart 

component for a virtual learning environment. The adaptivity 

in the model is defined as a system’s ability to create and, 

during the learning process, uniformly upgrade the curriculum 

that satisfies the student’s needs. The proposed model has 

three parts that describe the main features of intelligent and 

adaptive component. First, the student chooses the courses 

based on his/her needs, the level of excellence that he/she 

wants to achieve, and his/her preference concerning the type of 

study material. Second, the system will decide how to act – for 

example, show the material to the student, based on the belief 

(student model) that the system has about it. In the last part it 

is decided when to propose an evaluation test for the student or 

any other activity that can evaluate any specific knowledge in 

relation to the curriculum. After completing the evaluation, the 

belief about the student is updated. 

“Cluster Analysis in Personalized E-Learning” [22]: this is a 

proposed system architecture in which teaching techniques and 

appropriate layouts are set to groups of students with similar 

preferences, created by applying clustering techniques. 

Teaching materials and content can be adapted to the needs of 

each group and different learning paths can be created. New 

students fill out a questionnaire to determine their learning 

style and their choices of usability and, according to this, the 

appropriate group is chosen for them. The idea of the proposed 

solution is to divide the process into two steps: first, to look 

for groups of students with a great similarity and detect those 

isolates. In the second step the groups are mixed in larger 
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groups if necessary and the isolates are indicated. The 

objective of the experiment was to examine the performance of 

the proposed clustering technique for different student’s data 

sets, depending on the choice of parameters. 

“Supporting Cognitive Competence Development in Virtual 

Classrooms” [19]. The approach described in this article 

implements a mechanism to adaptively create self-assessment 

questionnaires in a Moodle environment. The Learning 

Management System (LMS) is capable of saving all online 

activities of the students in log files. This information can be 

used also to automatically generate intelligent feedback to the 

student. The questions are derived from an ontology of skills 

that is also used for indexing learning materials. The student 

traces through the learning materials used to determine the 

current state of “expected knowledge” or skills. The system 

includes two main agents: the goals manager agent, which 

guides the student in planning activities; and the content 

manager agent, which guides the student during the resources 

review. In this paper, an extension of the Moodle LMS – in 

which ontologies are used to structure the learning process by 

providing resources and generating questionnaires 

automatically for self-assessment of the students – is 

presented.  

In the conducted research to analyze the state of the art, 

papers were found dealing with adaptability in virtual learning 

environments, taking into account the students’ needs, learning 

styles, usability preferences and their activities report (log).  

In the first related paper, adaptability is based on the 

preferences of students regarding the study material, where the 

agent provides this material according to the information that 

he/she has about the student’s preferences. In the second 

paper, the proposal is to provide different layouts to the 

students, taking into consideration similar preferences with 

regard to learning styles and usability choices. In the last 

related paper, self-assessment questionnaires are used, 

adaptively created in the virtual learning environment Moodle, 

and ontologies are used to index the learning materials. This 

paper proposes to join data that can be obtained from the 

database (information of student performance and logs) that 

most virtual learning environments widely used usually have, 

in order to set the discipline in a personalized way for each 

student, with regards to the available material for the student 

as the activities proposed to him/her, exploring his/her skills 

and bypassing disabilities, always having a baseline with 

material and compulsory activities, and activities outside of 

this line divided into different levels of difficulty.  

III. DEFINITION OF THE MODEL 

The aim of this work is to create an agent architecture and a 

knowledge base of these agents that compose an intelligent 

tutoring system with information obtained from the database of 

a teaching–learning virtual environment. For this, a case study 

is done based on the Moodle platform architecture, chosen 

because it is a platform widely used today, in addition to being 

consolidated from the standpoint of operation, and also to be 

formally used in the institution where the research is 

performed. 

The classical model of ITS contains the pedagogical model, 

the student model, the domain base and the control. In the 

proposed model, two types of agents, called “Bedel” and 

“tutor” are used. The Bedel Agent and all their knowledge and 

interaction structure corresponds in the classical model of 

intelligent tutoring to the Pedagogical Model. The Tutor Agent 

and all their structure corresponds in the model of intelligent 

tutors to the Student Model. The content of the discipline, in 

turn, may be associated with the abstraction of the Domain 

Base (Fig. 1). 

 

 
 

Fig.  1 Classical model with proposed model 

 

The model of agents “Bedel” (agent of the discipline) and 

“Tutor” (agent of the student) is defined; they are connected 

with the learning virtual environment through the database. 

The interface in which the teacher sets the priority and levels 

of the resources and tasks in the environment is developed. 

The database is adapted with the creation of the table of grade 

profiles of the students and the table of dependencies of 

resources and activities, configured by the teacher by means of 

a Moodle block into his discipline, and is made the integration 

of the actions of agents with the virtual learning environment 

Moodle. The agents model (Fig. 2) shows the agents “Tutor” 

and “Bedel” their actions, messages and perceptions, as well as 

their connection to the database. The actor “teacher” is the 

figure of the discipline teacher who inserts the resources and 

activities into the learning environment, sets the type of profile 

and sequence, and this information is stored in the database, so 

the agent “Bedel” knows how to show them to students.  

The database has information concerning the student, such 

as personal data, performance data and data from student 

interaction in the system. Every student interaction in the 

environment is saved in the base in the form of a log. 

Similarly, the student’s performance in each of the activities 

and tasks is stored in the database and updated constantly 

every access and interaction of the student, providing rich 

material for the agent’s performance. The agents share the 

information from the database. The “Tutor” updates the 

student profile and, if necessary, shows a message to him/her 

about his/her performance. The “Bedel” obtains from the 

database the configuration of resources and activities in the 
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discipline made by the teacher; it sets their preview and 

verifies if tasks were evaluated to send a message to the 

“Tutor” who, upon receiving the message, updates the data of 

the student profile. 

 
 

Fig.  2.  Agent System Model 

 

The model works as follows: 

1) The teacher inserts the resources and creates tasks in the 

Moodle environment as usual. After that, he/she adds the 

tutor block in his/her discipline and configures the Bedel 

setting the first resource and activity (Fig. 3), the 

dependencies (Fig. 4) of activities and resources, and their 

level (basic, intermediate and advanced), also by means of  

the Moodle environment. In addition, the teacher has the 

option to choose resources that must be shown to all 

students in a general way. The first reading (resource) and 

the first activity are shown for all students; therefore the 

teacher needs to indicate which they are. This information 

is stored in the database, where some tables which are 

necessary for the model are added. With this information, 

the “Bedel” knows about resources and activities of the 

discipline and knows how the course should be developed 

for each type of student. 

2) In the environment’s database the grade_profile table 

(Fig. 5) is also added, which contains a numeric value, 

calculated with the grades of the activities performed by 

students and the access made by them in different files 

provided by the teacher. This table is updated each time a 

teacher updates the worksheet with the grades of some of 

the tasks that he/she provides to students. 

3) The grade_profile average of all students is computed and 

students are separated by profile into groups – basic, 

intermediate or advanced – according to their 

grade_profile. Whoever has average grades is in the 

average profile, whoever has grades below average is in 

the basic profile, and those who have grades above 

average are in the advanced profile. 

4) Tasks are provided independently for each student, 

according to their performance in the previous tasks, and 

their access to previous reading material. The availability 

of tasks and resources is made by the “Bedel” using the 

conditional access resource of Moodle.  

5) Each time the Bedel calculates the grade_profile it 

updates the belief base of the current profile of the 

student, which can go from basic to intermediate or 

advanced and vice-versa during the time that the course is 

offered. 

 
 

Fig.  3 First resource and activity 

 

The calculation of grade_profile is done as follows: The 

student grade of the last activity assessed by the teacher and 

the grade of the student access on reading that is a pre-

requisite for activity are summed. If the student accesses the 

reading, two points in the activity grade are added. If he/she 

does not access, four points are added. This difference is given 

for increasing the possibility to the student who does not 

access the reading, to have a higher grade_profile and then go 

to a higher level task than the profile that he/she would belong 

to if he/she had a lower grade, stimulating him/her to read 

before accomplishing future activities. 

After this, the average value of the grade_profile field is 

computed for all students. The lowest value considered for the 

profile average is 6; if the profile average is lower, it 

automatically becomes 6. For the student to be at an average 

profile, his/her grade_profile must be between 5.5 and 6.5; if 

the student has a grade_profile less than 5.5 he/she is on a 

basic profile and if he/she has grade_profile greater than 6.5 
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he/she is on an advanced profile.  

 

 
 

Fig.  4 Dependencies configuration 

 

The maximum value considered for the profile average is 8. 

If the average profile is greater than that, it automatically 

becomes 8. For the student to be at average profile, his/her 

grade_profile must be between 7.5 and 8.5, if the student has a 

grade_profile less than 7.5 he/she is on the basic profile and if 

he/she has a grade_profile greater than 8.5 he/she is on the 

advanced profile.  

The student belongs to the average profile if his/her 

grade_profile is 0.5 less or more than the average 

grade_profile in his/her class; for example, if the grade_profile 

average is 7.5, he/she will be in the intermediate profile if 

he/she has a grade_profile between 7 and 8. The student who 

has a higher grade with more than 0.5 of diference with the 

average will be in the advanced profile and the student who 

has a lower grade with more than 0.5 of diference will be in 

the basic profile. 

The student will have access to the material of their profile 

(basic, intermediate, advanced), according the configuration of 

resources and tasks made by the teacher. 

 
 

Fig.  5. Profile and dependence tables 

IV. IMPLEMENTATION OF THE MODEL 

The model integrates concepts of intelligent tutoring 

systems architectures with VLE’s that have their use 

consolidated as Moodle, which are not adaptive for itself only, 

and can be potentiated with artificial intelligence techniques, 

resulting in intelligent learning environments which are shown 

to be adaptive and more suitable to the implementation of 

teaching defiant methodologies for the student. 

The use of agents in the implementation of this model is 

important because of the agent’s ability to adapt to 

environment changes, showing resources and activities to 

students in a personalized way, according to their performance 

in the discipline, and taking into account the teacher’s initial 

settings.  

For the agent implementation the Jason tool was used, 

which is an interpreter for an extended version of AgentSpeak, 

oriented agent programming language, implemented in Java. 

The basic idea of AgentSpeak is to define the know-how 

(knowledge about how to do things) of a program in the form 

of plans [3]. 

One of the most interesting aspects of AgentSpeak is that it 

is inspired by and based on a model of human behavior that 

was developed by philosophers. This model is called the Belief 

Desire Intention (BDI) model. The language interpreted by 

Jason is an extension of AgentSpeak, based on BDI 

architecture. A component of the agent architecture is a beliefs 

base and an example of what the interpreter does constantly, 

without being specifically programmed, is to perceive the 

environment and update the beliefs base accordingly with this 

[3]. 

The teaching–learning virtual environments are designed to 

enable the knowledge-building process. Different to 

conventional software, which seeks to facilitate the tasks 

achievement by user, learning environments incorporate the 

complexity to more flexible different forms of users (students), 

relations, to learn and to practice content, and to collaborate. 

These environments are used by students of various cognitive 

profiles [2]. 

The version of virtual learning environment Moodle used 

for this work is 2.2, where the task condition resource is 
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available, which allows the provision of content and activities 

with a restriction. This feature must be activated by the 

administrator of Moodle in the environment advanced settings, 

enabling the option “Enable tracking of completion” and 

“Enable conditional access.” Moreover, in course settings, in 

“student progress” topic, the teacher must enable the 

completion tracking option.  

With this feature enabled, tasks can be made available only 

to students who perform the pre-requisites set, which can be: a 

grade on a specific activity; the viewing of a resource; or 

his/her grade.   

In this work, the availability of resources and activities is 

done taking into account the student’s performance and his/her 

access in the system and is made available to the student 

depending on his/her grade_profile, computed according to 

his/her performance and participation in the discipline. The 

information between the agent system and the virtual learning 

environment are exchanged through the database of the 

learning environment which contains information about the 

pre-requisites and profiles of tasks and resources, defined by 

the teacher at a time to configure the Bedel. The development 

was made in 4 steps. On Fig. 6 we can see the Bedel sequence 

diagram, with the Artifact working like an interface between 

the database and the Bedel Agent. 

 

 
 

Fig.  6 Bedel Sequence Diagram 

 

A.  Development of the tutorblock in Moodle LMS. 

It was developed a moodle block for the teacher to 

configure the agent. This block was created following the 

Moodle standard programming for creating blocks. The name 

was defined as “Tutor Block”. This block have to be added by 

the teacher and is used by him/her to set the Bedel Agent, after 

the insertion of resources and activities in the environment.  

After the teacher configures the agent through the block, 

he/she can see the dependency graph (Fig. 7) generated after 

setting all prerequisites. This graph shows the relations 

between the resources and activities setting by the teacher. 

B.  Development of the Bedel Agent. Programming student 

profile 

In this step was implemented the code for the Bedel Agent 

to calculate de student profile, using the information available 

on database. The Bedel Agent access the database trough the 

Artifact and execute the plans it has for calculating this profile. 

Then, the Bedel Agent calculate the profile average of all the 

students and separate them into profiles (basic, intermediate 

and advanced).  

 
Fig.  7 Dependency graph 

 

The Bedel Agent implementation has a definition file, where 

is specified the infrastructure, the Cartago environment used to 

program the artifacts (Fig. 8) and the Tutor and Bedel Agents. 

C. Development of the code to display resources and activities 

For the availability of resources and activities according to 

the student profile was created the tutor_profile_availability 

table in the database, to store the information of the minimum 

and maximum grades of the intermediate profile. Verifying 

this information the resources and activities can be provided, 

according to the students profile. 

 

 
 

Fig.  8 Artifact Source Code 

 

D. Development of the Tutor Agent to send messages to the 

students 

It was implemented the Tutor Agent, that is responsible for 
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sending messages of encouragement to the student, taking into 

account his/her performance. This agent receives the student 

profile information from the Bedel Agent, updates the belief it 

has about this student and sends some message to him/her 

according to the student situation. If the student had a better 

performance than in the previous activity the Tutor Agent send 

a congratulation message (Fig. 9), if not, it sends a message to 

encourage him to be better the next time.  

At this stage, also, the Bedel Agent is updated, inserting 

methods that enable communication between it and the Tutor 

Agent. Sending the student information to the Tutor Agent. 

 

 
 

Fig.  9 Congratulation message (in Portuguese) 

V. CONCLUSIONS 

In this study is proposed a solution for virtual learning 

environments to assist teachers to provide activities and 

resources in a personalized way depending on the student’s 

performance and his/her behavior in the discipline.  

Students are assessed by their interaction in the discipline 

and the grades obtained in tasks, creating different profiles for 

groups of students with the same behavior. More advanced 

tasks are available for students who have improved 

performance, enabling more efficient learning, exploring 

students’ skills, and maintaining a basic level for learning the 

discipline content. 

Works related to virtual learning environments and 

adaptivity in general differentiate students by learning style – 

for example, a student who learns better with pictures than 

with reading lots of text. In this work students are 

distinguished by their performance, taking into account the 

grades obtained, and their participation (access) in the various 

resources available in the discipline, creating an adaptive 

environment that constantly updates the profile of students, 

and therefore, a student with a basic profile, at the end of the 

course may have an average profile. These profile changes can 

be studied and displayed to the teacher, in an extension of this 

model. 
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