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Abstract—The increasing use of Learning Management
Systems - LMS - in educational institutions has created
difficulties for coordinators and administrators effectively
manage the Distance Learning Courses. This paper proposes and
describes a support system for the management of online courses
through Intelligent Agents (IAs). By the use of the proposed
system, the coordinator of a LMS courses may rapidly obtain a
summary of each current course, optimizing the visualization
through reports and graphics, receiving periodically a message
via e-mail about the present situation of each course. As a result,
Als show specific situations such as number of access of students,
tutors and teachers, also help the follow-up activities. To verify
the work, it conducted a case study in the Graduate courses in
distance education with numerous real disciplines, occurring
simultaneously in a tertiary and technician institution in Amazon
state, Brazil. The case study aimed to evaluate the feasibility of
the proposal, the results obtained in the tests may be concluded
that developed system usage reached the goal, improving the
standards of monitoring of online courses, supporting in the
process of decision-making thus enable the adoption of new
teaching strategies.

Keywords—LMS, Multi-Agent System, Management of
Distance Course, Managerial Tool, Monitoring Report, Graphics
Visualization, Report Submission.

1. INTRODUTION

The Distance Education has grown by increasing the
number of students and the number of courses offered, because
of this, institutions are required to adopt management and
perception tools in order to obtain effective communication,
improving monitoring of process and minimizing present
errors. In this context, it is necessary for the institutions to
adopt management tools able to monitor the demands of the
actors involved in the processes of Distance Education [1].

The wide administrative perception of what is occurring in
distance learning courses has its relevance, mainly in the
crucial moments, and many institutions have realized the need
to incorporate a new strategic approach to improve
management purposes [1][2].

This paper presents the Multi-Agent System MANAGER
(MASM) that offers a new perspective of online course
management. The monitoring of activities is provided by
reports and graphs on management level. The system sends
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reports, simplified emails of each course to respective
coordinators through intelligent agents. The function of these
reports is highlight situations that require significant attention
by the course coordinators.

To describe this research, the article is divided into six
sections: Introduction, Literature Review, The Proposed Multi-
Agent System, Methodology and Procedure of Validation,
Results and Discussions, and Conclusion.

II.  LITERATURE REVIEW

A. Online Course Management

The implementation of a course of distance education
demands that institutions be concerned with various aspects
such as support to students and teachers, observed from an
administrative and pedagogical perspective. These points are
essential to the permanence of the student in the course [3] [4].

Reference [5] argues that distance education has many
aspects being discussed or in phase of construction, such as the
structure and organization of institutions which work with
distance education, the new roles and responsibilities of
teachers and students, as well as the appropriate use of
communication technologies. Nonetheless, related to the
organizational viewpoint, there are pioneer institutions in
distance education that promote the alignment of
organizational strategies to their particular manners of
organization, also required by distance learning [6].

The effect of this change may be the imposition to adopt a
management model that considers the need of managing teams,
which work with a high degree of operability and a dynamic
interaction among its participants. These considerations reflect
the predominant features of work in the distance education
institutions [7].

Therefore, scientists claim that the Distance Education
system may reach some benefits, such as reputation and
prestige, from supporting institution already prevails [8]. In the
social sphere, it is believed that some students prefer to develop
its distance studies, when the course is linked to a recognized
institution in attendance education. For a qualitative analysis of
the courses, the historical experience of the institution exerts
great influence on the acceptability by distance learning
courses [8].



The managers of distance education program have
considered this evidence, then creating a sort of affiliate of the
sponsor may use financial, social, cultural, and, mainly,
intellectual assets that the institution-matrix already retains.
This manager is responsible for planning, organization,
direction and control of training processes of the distance
learning. It also is important that person have knowledge of the
inherent implications of the subordination of distance
education to attendance teaching, especially its subordination
to a central management (which usually considers distance
education as a subcategory) [7] [8].

Consequently, the management of distance education
courses in quality criteria, planning and organization has been
discussed and has its degree of relevance in the academic
world, as the main factor of this discussion is the quality of
offered services and the continuity of these.

B. Intelligent Agents and Multi-Agent Systems

For this work, we adopt the paradigm of Intelligent Agent
of software. In the 80s came the Distributed Aurtificial
Intelligence, formed by the areas of Artificial Intelligence and
Distributed Systems (SD). The Distributed Artificial
Intelligence solves problems of manner cooperative and
distributed, using agents. The approaching of agents using
Artificial Intelligence techniques in learning environments
enables greater flexibility and adaptability, improves
cooperation and promotes society of agents.

An Intelligent Agent is an autonomous entity capable to
interact with the environment, with other intelligent agent,
cooperating or even competing against others and make
decisions without the interference of a system or human beings
[9]. An Intelligent Agent operates in an environment through
sensors and acts through actuators using autonomy, social
ability, reactivity, proactivity [10]. In summary, a Multi-Agent
System is characterized as a system where numerous agents
act together on an environment in the search for solving a
problem.

It is known that Multi-Agent Systems make part of one of
research areas of Distributed Artificial Intelligence and are
used in educational systems, entertainment, industry and so on.
Regarding the development of agents in MASs, the Intelligent
Agents are inserted in environments where the use of their
knowledge and skills, may develop activities related to their
speciality. This type of application may be observed in various
studies that employ this paradigm, applied to a Learning
Management Systems (LMS) [11] [12] [13] [14] [15].

Thus, the Multi-Agent Systems are a mix of diverse agents
in order to solve problems, from autonomous and flexible
actions, as this type of application is present in numerous
LMSs facilitating several tasks.

III. THE PROPOSED MULTI-AGENT SYSTEM

A. Verifying the necessity of a system of management of
distance course

Before starting the development of the system, it was
necessary to apply a descriptive and quantitative research with
the participation of professionals from some public institutions
of the State of Amazonas and Roraima, Amazon region of

Brazil. The intention was to define the characteristics and
performance of a system responsible to assist in managing
distance learning courses. However, we noted rare researches
related to the management of distance education, mainly by
educational institutions that offer courses in this type of
education.

This step was based on the results presented by [16],
because they were obtained through an online questionnaire,
consisting 15 closed questions and 4 open questions that sought
to capture indicators to establish the degree of satisfaction with
the use of LMS, is in management, in the process of obtaining
information on the environment or presenting information. The
purpose of the questions was about the experiences and
opinions of the participants on the use of LMs in management
courses.

The use of the questionnaire in the survey was considered
positive, because it allowed the participation of selected public,
although some of them were not present at the time. For the
researcher, it was possible to collect data on a particular topic
from a specific audience, obtaining value information to
understand better the gaps of the problem.

Reference [17] states in his research that the LMS Moodle
stores the history of access and activities executed by students,
teachers and tutors, however this information is scattered in
predefined pages and reports within Moodle, requiring more
time and effort technical team responsible for follow distance
learning courses.

During the research, we found that distance education is
idealizing alterations in teaching and learning, some
institutions is reconsidering the management of education in
this area. Working with people in organizations, including in
educational institutions, is a commitment that these days has
intensified and urging managers, regardless of educational
level at which they operate. The management courses in the
distance pursues a singularized management because of their
characteristics and needs [1][3][7][8].

The final results presented by reference [16] indicate the
need for a tool that facilitates the follow-up courses, supporting
managers in the LMS itself, without the use of spreadsheets
and data analysis part. In addition, the results were the basis for
proposing and developing a support system for the
management courses in distance education, as it is believed that
this system can ensure speed, the progress of the activities and
the accuracy of information collected and compiled in the
virtual environment.

B. Overview of the system

To resolve the problem, it was decided to adopt the
paradigm of intelligent agents, as explained in Section II,
because its wide application allows implementation of
repetitive tasks, to remember forgotten events, summarize
intelligently complex data, learn and until make
recommendations to the user. In this paradigm, we highlight
the characteristics of proactivity, interaction and independence,
which when applied in the context of a LMS may contribute
for significant improvements of monitoring process of distance
courses managed by this environment.



The Multi-Agent Systems are systems composed of
numerous agents that produce or act together in order to
achieve a given set of tasks or goals. These goals may be
common to all agents or not. Agents within a MAS may be
different or similar, cooperative or competitive and so on. The
definition of the types of agents depends on the application
purpose of the Multi-Agent Systems is inserted [9][10]. These
benefits produce significant gains regarding the optimization of
time and ease in operating systems that did not use this type of
programming the LMS.

The architecture of the proposed system is shown in Fig. 1,
where are observed the roles and relationships between the
elements involved: Moodle courses, MySQL database, and
Intelligent Agents (Notifier, Analyzer, Course Searching,
Teachers Searching, Tutors Searching, Students Searching and
Activities Searching).

Tnoodle

Access to LMS . - o S——

Online Course
Cordinator

Staorl;zge Display
query data

1 1

Database ]

I o

Sendthe
infor‘mationl [Send the,

requaat answer
oo o OO - e
Ve e LN

/ ’ N

, " @ — ;
n |

I Notifier | Courses Teachers ||

| agent | Searching Searching |l

| | agent \ agent : :

| |

| Ask Reply | e : :

| |

| | Students I

| Ask | Searching : :

! g ——— agent I
- -—D

| Reply | I

l Analyzer | Tutors Activities I

! agent \ Searching Searching ,’,’

N . agent agent

Fig. 1. Architecture of Multi-Agent System.

The MASM architecture shown in Fig. 1 is designed to be
extensible, allowing future inclusion of new agents. Table 1
shows the seven agents proposed in the Multi-Agent System
and summarized papers. And then, the various features will be
detailed.

TABLE I. INTELLIGENT AGENTS AND THEIR RESPECTIVE OF PROPOSED
MULTI-AGENT SYSTEM [18]

Intelligent Agent Role

Responsible in maintaining the interaction with
the user Coordinator, through receiving and
sending information is for the Analyzer Agent or
LMS. This agent monitors situations considered
outside the normal course of standards and in this
case, it will send notifications via email and on
the user's screen.

Notifier Agent

Responsible to receive, process, organize and
send the information sent by the other intelligent
agents that make up the MASM so that they can
play their roles.

Agent Analyzer

Responsible to access and query the tables in the

hing A, -~ .
Courses Searching Agent database pertaining to required courses.

Responsible to access and query the tables in the
database relating to students of a particular
course.

Students Searching
Agent

Responsible to access and query the tables on the
bank of relevant data to teachers of a particular
course.

Teachers Searching
Agent

Responsible collection agent to access and query
the tables in the database relevant to the
guardians of a particular course.

Tutors Searching Agent

Responsible agent to access and consult the
relevant tables in the database to the various
activities of a particular course.

Activities Searching
Agent

In this work, the MASM was modeled using the
methodology MaSE (Multi-Agent System Engineering) [19]. It
provides necessary support for the development of Multi-Agent
Systems based on the principles of software engineering. The
MaSE methodology is used in various scientific research
projects in the world [13] [20] [21]. Due to the nature of this
problem and complexity, was decided by MaSE as this
methodology enables the organized development of Multi-
Agent System and shows an appropriate methodology for the
proposed system in this research.

C. Recognizing the Multi-Agent System of management of
course distance

The MASM was developed using the Windows 7 operating
system, the JADE framework [22] and the Java programming
language [23]. From the agents presented in the previous
subsection, enabling to execute the design and implementation
of system agents.

In LMS used was installed a plugin developed in block
format with a link available to access the main interface of
MASM, featured in Fig. 2.
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Fig. 2. View of LMS screen with the block to access the MASM.

After initial testing and implementation on the local server,
we transferred the content to the external server, in order be
used further by coordinators.

In this section, we summarize the technologies that were
used in the construction of Multi-Agent System, as well as the
development of the prototype. Understanding the purpose of
each technology has facilitated the construction of the system,
considering the importance of each software in the process. We
have to emphasize the laborious development work was
facilitated by project to use the MaSE Methodology.

We found usually the first agents were implemented more
difficult to program, but in the past we used reuse of agents,
allowing them to be better prepared, besides the developer has
acquired greater experience.

We emphasize that the solution has a certain independence
of the Moodle platform may be adapted to other platforms,
with some effort and adjustment. The MASM was subjected to
various experiments and had changed its architecture, as can be
seen in the following section.

IV. METHODOLOGY AND PROCEDURE OF VALIDATION

The experiments were performed during the period
proposed by the research. The results were the basis for
assessing the viability of the prototype of the initial design in a
simulated environment as well as to check the performance of
the system in a real LMS, which was defined as the Case
Study. It is important to emphasize that the two experiments
were applied in times and different purposes and using
different versions of Moodle.

A. Testing and evaluation of MASM in simulated environment

The developed system is available as a plugin Moodle 2.8
[24]. To use the system, it is necessary that the course
coordinator visit the LMS, the main screen you may view and
access the link available in the plug-in. By clicking the link, the
LMS is directed to another screen where the main interface of
the system is presented, as seen in Fig. 3.
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Fig. 3. View the main system interface.

On the left side of the interface, the system lists all the
courses managed automatically by a certain engineer, although
the tests presented in this section should explain the results
obtained in the course “Application Operation” that was
created in the simulated environment. The system generated
the reports and graphs of other courses and provided this
information to the user.

In order to prevent the courses coordinator visit several
links to obtain the necessary information, the report and each
course chart they were grouped in links in the sublevels.
Clicking on the link “Report” the system displays the current
report, organized and practical, containing information such as
name and start date of a course, names of tutors, e-mail and last
access tutors and teachers, number of students who accessed
versus students who never accessed the course.

It is noteworthy that the request of the current report is sent
to the Multi-Agent System which is responsible for forwarding
it to the specific intelligent agents, as was foreseen in the
system architecture, to complete the purpose of the requested
task.

When is the situation of teachers or tutors never access the
course, this information is highlighted in red so that the
engineer's attention is focused on the situation detected by the
system. This featured information is filtered by proactively
Intelligent Agents. The report can be printed from the browser
to the coordinator to take the necessary measures, or for
registration purposes.

The other display option available to course coordinator is
through graphs. Clicking on the link “Chart”, the interface
shows three graphs for the course “Basic Computer”: Professor
log ratio, log ratio Tutor and Students access the course.

Log rates can be filtered for a period defined by the user,
but to facilitate the visualization of information, the period is
already preset for the last seven days. It is important to note
that the logging rate not only records the access of teachers and
tutors on the course, however also accounts for the access,
visualization, correction of tasks and interaction with other
participants, finally records the interactions in the course.



Interactions in some educational institutions are key factors to
evaluate the continuity of a teacher or tutor in new courses
offered.

The system sends, every seven days, a report via e-mail to
the coordinator. As mentioned before, during the experiment
the system highlighted proactively, situations where teachers
and tutors never accessed the course.

During this experiment-simulated environment, numerous
adjustments were made, including improvements in the
graphics and the overall interface of the system. The simulation
results were important because they enabled an overview of
what was necessary to add or change, before performing
system tests on real courses.

This step has enabled significant improvements to the
progress of the work, such as adding and highlight in red the
name of teachers and tutors who were more than five days
without access the course, since the absence during this period
cause serious impact on the progress and quality of the courses.

Another important change was to add information in the
report about the activity “Task™ as it is considered one of the
activities most used in LMS, however, the information is not
available in an easier way for course coordinators. Thus, the
agent was set to obtain the job name, number of registered
participants, number of participants sent and number of
corrected tasks.

After adjustments to the system, the next expected step was
the test in a real virtual environment. The steps and results of
this test are presented in the following subsection.

B. Testing and evaluation of MAS in real environment

The monitoring process of learning is an essential step in
the training capacity of the students and the positive outcome
of the course to have an extended administrative perception of
what is happening in the courses also has its relevance,
especially in the important moments. Major institutions have
realized the need to incorporate a new strategic approach to
improve management purposes [2][7].

Then, in this subsection we introduce the test cases of the
2nd experiment and the results of the case study in a real LMS
of a Higher Education Institution of the Amazon. This
institution offering courses in classroom and distance
modalities, for technical secondary education levels, higher and
postgraduate students, all properly regulated by the Ministry of
Education and Culture (MEC) [25]. In Fig. 4 we can see the
LMS interface of this institution, which displays the list of
Graduate courses that are offered there
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Fig. 4. LMS Interface for Graduate distance learning courses of the higher
education institution.

In other LMSs, the term “course” is equivalent to the term
“discipline” of the curriculum of graduate courses offered by
the institution, as an example, there are the Rural Education
courses and Philosophy of Education, now linked to the Open
University of Brazil. Currently, these courses are underway,
and being in the form of modules, courses are offered with
working hours from 15 to 45 hours / total.

It is noteworthy that, for the tests of the proposed MAS
were selected 2 Graduate courses: Public Management and
Informatics in Education, to have at that time recent classes and
activities in progress, and consequently, the coordinators of the
different courses have different profiles between itself.

The tests for the case study occurred during 30 days of
August 2015 and the corrected version of the system was tested
in this experiment. The week before the system test period,
participants received coordinators through tutorial, instructions
the developer to add the plugin and use the tool (Fig. 5).
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Participants reported that the use of the system occur at
least 2 times a week, because the management activity of the
courses take place on demand.

During the duration of the experimental test, the subjects
involved had not a registered specific tutor, but a mentoring
coordinator. Thus, the gathering of information about user
access with this profile was not monitored. If discipline had the
distance tutors enrolled in the course, we could have access
preview of the report is as shown in Fig. 6.
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Last acess: 22-01-2015 16 40: 14
* Tutor of more than 15 days without
access this course,

Fig. 6. Report partial view of some tutors.

For this case study, the Activities Searching Agent
performs the information search tasks only, as results shown in
Fig. 7.
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Fig. 7. Partial view of the report regarding access students and recent
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An important observation in Fig. 7 that one of the tasks was
the deadline expired and there were only 17 submissions task
relatively low number for this class, considering the number of
38 students enrolled. Another important issue to be analyzed,
refers to discipline “Elaboragdo de TCC/Monografia, Projeto e
Artigo Cientifico”’, where we observe that the teaching
material available in LMS and the teacher were the same, and
yet were no reports of students without access the discipline.

Note that this discipline has a total of 157 students enrolled,
and 35.03% of the students have never used until now. In this
scenario, it is important to follow up and rapid action of the
course coordinator and mentoring coordinator, in order to
encourage the return and participation of students in the
subjects offered in the course.

Analyzing the access teachers, let's take as an example still
the same discipline, where we have in Fig.8 a partial view of a
particular teacher report.
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Fig. 8. Partial view of some teachers report.

We note that the same teacher, has different amounts of hits
on every Polo, going to a disparity between them. It is worth
mentioning the importance of the teacher must maintain access
levels approximate between classes, and this reflects in the
unfastened accompaniment to each and may reflect good or
unpleasant results.

In Fig. 9, we can see the information provided in the chart
the course “Elaboracdo de TCC/Monografia, Projeto e Artigo
Cientifico”, in Tefé City. In this view, the filtrate was period of
8 days teacher access.
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Fig. 9. MASM display screen for the Coordinator participant 1.

About some days, there was no access in the discipline by
the teacher, but on a particular day there was greater access
compared to other days. Generally, this occurs when the
teacher corrects the activities. This type of graphic display is
interesting for the engineers, because it has unified and
summarized access information, also enables a teacher
participation parameter or guardian in the discipline.

V. RESULTS AND DISCUSSIONS

At the end of system test period, a system of evaluation on-
line questionnaire was applied, stating the total of 15 questions,
11 closed questions and 4 open questions. With regard to
closed questions, the objective was to collect data about the
degree of satisfaction to the MAS interface, the waiting time
for the system to provide the reports and graphs to support the
monitoring of courses and continued to use the system after test
period. The responses were based on the Likert scale, with 5
response options: 1-Strongly Disagree, Disagree-2, 3-1 do not
agree nor disagree, 4-agree, 5-totally agree, as is shown in Fig.
10.
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Fig. 10. Partial view of the final evaluation questionnaire system.

Regarding the open questions, participants were able to
report how used the system information, the good points, the
points to be improved in the system and a space for comments
on the MAS user experience.

According to the answers of the participants, it was easy to
remember and locate the system plug-in, and in general, the
system facilitates the search and display of information.
Participants approved the system response time in the
presentation of each discipline reports and the graphic
presentation. Using the MASM, according to the responses, to
realize the optimization of time to obtain an updated
information of the subject, and the e-mails sent by the system,
helped to keep the same courses without being online at LMS.

There was agreement among participants that the
information needed to facilitate the management of courses
process, including suggestions for improvement there when
system upgrade. The suggestion refers to include the ability to
view the list of students who have never used the discipline and
those who, after a certain period, left the course. Still, the
information generated by the system in the test period were
considered important to intervene at certain stages of the
discipline.

The responses of the participants was verified that the
information was used to notify the support team, especially on
the issue of access to the LMS (Fig. 11). From there, the tutors
and the Polo coordinators were driven to contact with the
students, either by phone or email.
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Fig. 11. Example of use of the notification via e-mail, sent by MAS.

The tool has also facilitated the verification of scheduled
tasks. According to participants, the system made it possible to
obtain a clear, reliable and summarized information, grouping
them in one place.

The indications of improvements in the system were
compared to plug-in access, because the existing access link
was considered very simple, and add the check to participate in
forums and questionnaires. It is worth mentioning that the
collection agent activity has been adapted to scan only Tasks in
Case Study, but in its essence, MAS already has the
functionality suggested for verification of participation in
forums.

Another suggestion for improvement was related to the
possibility of the system generate and send custom reports. For
example, the MAS could identify the student X accessed rarely
Y. activity With this information, the system will send a
notification to the student X, warning of their performance, as
to the tutor / teacher there would be a monitoring framework of
customized reports sent to students.

In summary, the participants were satisfied with the tool,
and reported that the tool is great and very helpful in
monitoring the distance education courses and after the period
of the experimental test indicated intention to continue using
the system and would recommend to other coordinators of
distance education courses.

VI. CONCLUSIONS

In this paper we presented a Multi-Agent Systems
Application proposal in a Learning Management system. The
research enabled the development of a system whose
architecture is composed of seven Intelligent Agents, which
acted in online courses and assisted in monitoring the activities
carried out by students, tutors and teachers in the LMS. The
proposed system contributed to the coordinators of distance
education courses acquire the unified information quickly.

The work presented used the software engineering
methodology, focused on Intelligent Agents, called MaSE,
whose purpose is to model the agents implemented in the

system and thus obtain the necessary documentation to support,
in case of failure, as well as for better understanding the
organization of the implemented agents. The MaSE
methodology was very useful to the creation of Multi-Agent
System process, as it allowed a broad and detailed view of the
agents. With the use of MaSE, the inclusion of new agents is
possible, because this action is facilitated by the documentation
of the current structure.

After modeling, the work has gone through several
refinements that could be tested. The verification of system
functionality consisted of two stages: a functional test in a
simulated environment, and a study of exploratory case in real
virtual environment. MAS based on an architecture that has
evolved through evaluations, and new versions of the prototype
have emerged from the perception of the concept of use in
distance education courses. The goal at this stage was to
provide a version of the system that could assist managers in
monitoring activities.

The case study, through a real test, found that the course
coordinator will always have the reports and concise and
updated graphics because the Intelligent Agents provide the
information quickly and proactively, out in the report content
situations that they deserve special attention from the course
coordinator.

The system was implemented using the Moodle LMS,
being structured on the concept of course. Therefore it was
necessary to study its structure and philosophy of work, and
understand the table schema, which is quite large and complex
(more than 200 tables). We found that the tables Moodle
version 2.2, where the experimental test was performed, were
still inefficient to obtain more complete results. In the Moodle
version 2.8, as has been reported in the first experiment, the
Intelligent Agents behaved more fully.

It is important to emphasize two key points: the period of
the experimental test, the course coordinators reported that the
tool was very helpful in getting the information and optimized
the unfastened time for monitoring and deliberations. The
implemented Multi-Agent System may be used by any Moodle
course, because it was designed to be independent of course, it
can be used in more than one course simultaneously, as shown
in the experiment. For future work, we hope to develop the
architecture extensions, including new Intelligent Agents and
specializing existing agents. The goal is to improve the
proactivity, the perceptiveness and monitoring of access of
students, teachers and tutors, and the activities offered in the
courses.

Another possibility for future work is to integrate the
system with other Multi-Agent Systems, such as those
responsible in following the interactions of students, and also
those who help and motivate the tasks. In this stage of
integration, we believe to develop an interface that enables the
manager to configure the system according to the nature of
work in the LMS as they have been identified other
coordinators and were not included in the survey, such as Polo
Coordinator and coordinator of Mentoring, which assume very
specific roles in the scenario presented in this research.
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