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Abstract

A model of an agent-based learning platform (ALP) has been developed, in which, based on the
combination of agent technology and computer vision, an approach is proposed that allows
combining collective control, coordination and cooperation of agents to provide online
educational services. The proposed approach allows, firstly, students to be aware of the progress
of their own learning activities, and secondly, to notify parents in the event of a negative incident,
i.e., when their child does not attend classes according to the schedule established in this
educational institution, or this student received a score based on the results of the final/semester
academic performance check in accordance with the schedule of the educational process less than
the minimum allowable. The provision of such services is realized through the student behavior
monitoring subsystem and the community of intelligent agents.

A software prototype of an agent environment for integrating distributed agents into a single
information space that combines the Moodle learning platform, a university web portal, a Student
behavior monitoring subsystem developed by the Student and Amazon S3 cloud storage was
developed.
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1. Anintroduction to achievements of multi-agent systems in education

The development of computing systems and the Internet of Things (1oT) has led to the ubiquitous
distribution of distributed computing, embodying the successful interaction of disparate objects. In this
regard, we see the widespread distribution of sets of autonomous computing objects (agents), called
multi-agent systems (MAS). It is thanks to the effective application of agent-oriented technologies that
the development of distributed and intelligent programs in complex and highly dynamic environments
became possible.

Multi-agent systems are successfully implemented in almost all fields of activity, including
production, education, marketing, health care, etc., improving people's daily life.

Getting a good education has always been an important aspect in our lives. Most citizens consider a
good education a means of obtaining a decent life. The globalization of the world and the globalization of
learning are expanding the application areas of artificial intelligence (Al) in education, including profiling
and prediction, assessment, personalization, and intelligent learning systems. The main goal of
educational institutions is to improve the quality of education, that is, to improve the process of acquiring
knowledge by students.

In addition, we observe an approach to the actual problem of higher education institutions, which are
forced to close due to quarantine or due to the war that Russia has unleashed in Ukraine, and switch to
online education using virtual environments.

The main problem facing learning in virtual environments is not only the availability of educational
content for users, but also the ability to present knowledge in the right place, at the right time, and in the
right way. For this reason, researchers are paying more and more attention to the application of intelligent
agents to manage the learning process in order to improve the performance of students in the online
environment.
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Therefore, the increasing integration of intelligent agents into our lives, especially where computer
systems must be able to communicate both with each other and with people, requires research and
development of new concepts and tools in the complex field of multi-agent systems.

2. Related works

The technology of multi-agent systems is used in almost all real-world applications, whether it is a
simple e-commerce auction or an air traffic control system. It is one of the new technologies that has
gained popularity very quickly due to the fact that it allows easy development of complex and distributed
systems. It also appeared in the educational environment. Several multi-agent e-learning systems
containing different functions have been developed and implemented. Paper [1] analyzes and compares
various existing multi-agent e-learning systems based on their characteristics such as interactivity,
adaptability, security, etc.

The purpose of the special issue “Advances in Multi-Agent Systems” is to promote MAS by
increasing its visibility and increasing its accessibility to the scientific community [2]. This review aims
to provide an overview of current research on MAS agents and technology and highlight the high level of
activity in this area. The researched works demonstrate the constant growth of the scientific community's
interest in new models, techniques and methods for multi-agent systems. Although research related to
MAS s still developing in the most "classical™ directions, at the same time it is also expanding into new
areas - learning huge amounts of data.

The purpose of another special issue "New Insights in Multi-Agent Systems Cooperation, Control and
Optimization" [3] is to attract new, high-quality contributions to the theory, modeling, development and
application of social processes of multi-agent systems. Approaching many problems in science and
technology as multi-agent systems emphasizes the need to investigate problems related to collective
control, collective decision-making and optimization, collective and social machine learning, multi-agent
reinforcement, as well as coordination, cooperation and evolution of agents, etc.

The use of agents in learning systems is considered in [4, 5, 6, 7, 8, 9, 10, 11].

The purpose of the work [12] is to analyze the use of software architectures in intelligent e-learning
systems. In addition, the authors propose an open, distributed, agent-based software architecture for
flexible, personalized learning and the development of personalized educational resources. They also
discuss an ontology-based information model for personalized learning as part of a proposed agent-based
software architecture. The relationships between the components of the presented software model and the
information model based on the ontology, which describes the data and knowledge necessary for the
effective operation of the learning system, are also considered.

The document [13] presents the architecture of the intelligent learning management system (ILMS)
applied to Moodle. They presented the design and implementation of an agent that selects a learning
strategy according to a student's learning style. The selected learning strategy used to filter the learning
objects displayed to students.

The authors of the work [14] believe that in order to achieve the main goal of electronic learning
systems (LMS) - increasing the effectiveness of learning, it is necessary to satisfy individual requirements
and provide personalized practices depending on the abilities of students. This paper proposes a dynamic
multi-agent system that includes five agents that takes into account the differences in capabilities of
different users:

e the project clustering agent is used to cluster a set of educational resources/projects into similar

groups;

o the student cluster agent groups students according to their preferences and abilities;

e astudent and project matching agent is used to map each student group to an appropriate project

or specific learning resources according to specific design criteria;

e the student matching agent is designed to efficiently match different students;

e dynamic student clustering agent is used for continuous tracking and analysis of student behavior

in the system, such as changes in knowledge and skill levels.

The article [15] presents a multi-agent system for recommending learning objects in virtual learning
environments aimed at improving the customization of learning instructions regarding learning content
according to the student's profile. The structure of the system consists of four intelligent agents:

e administrator agent (responsible for student access control);

e profile agent (responsible for determining the learning style of students);



e recommendation agent (analyzes student history to recommend educational facilities);

e tutoring agent (offers help to students).

The document [16] proposes an approach to building a personalized e-learning environment, in which
the main emphasis is placed on the development of students' needs. An adaptive agent-based architecture
is proposed that extends the Moodle platform to support learning solutions and behavior adaptation. The
paper describes the characteristics, functions, and interactions of the agents involved in each module of
the adaptive architecture, as well as the intelligent agent for making instructional decisions. The purpose
of this agent is to gather information generated by other agents and provide the best personalized support
for end users, teachers and students, taking into account their relationship to the learning environment.

The aim of the article [17] is to present the benefits of integrating ubiquitous computing together with
distributed artificial intelligence techniques to build an adaptive and personalized context-aware learning
system using mobile devices. The authors proposed a multi-agent context-dependent e-learning system
with the following functionalities:

e  context-dependent learning planning;
personalized course evaluation;
selection of educational facilities according to the student's profile;
search for educational objects in repositories;
search for thematic teaching assistants;
access to current context-oriented learning activities.

The system [18] is focused on three main characteristics: the learning style according to the Felder-
Silverman learning style model, the level of knowledge and possible defects of the student. Three types of
disabilities were taken into account, namely hearing impairment, visual impairment and dyslexia. The
system will be able to provide students with a sequence of learning objects that matches their profiles for
personalized learning. The main goal of this system is to recommend to students a learning path that
matches their characteristics and preferences using the Q-learning algorithm.

The main goal of the study [19] is to build a multi-agent architecture that provides the ability to adapt
to the student, preferences in the e-learning environment, analyze and control communication and
interaction between various agents of the proposed system. To this end, they introduced a distributed
intelligent whiteboard agent that provides communication between participating agents

The document [20] proposes a multi-agent architecture of an emotional-intellectual e-learning system
that aims to help children with autism spectrum disorder overcome learning disabilities. The proposed
architecture is based on several agents that allow to intelligently solve emotional, cognitive and
pedagogical problems.

The document [21] describes an agent-oriented approach, which is aimed at creating learning
situations by solving problems. The proposed system is designed as a society of agents that organizes
interfaces, coordinators, information sources and mobile devices. The goal of this approach is to
challenge learners to engage in multiple learning activities chosen according to their skill level and
preferences to enable adaptive learning and reduce the number of learners in an electronic environment.

The aim of the study [22] is to develop an e-learning system for basic mathematics that is able to
provide each student with personalized content to overcome misconceptions. The system uses a multi-
agent architecture to monitor student activity while simultaneously observing and modeling student
knowledge and misconceptions. Lessons and exam questions are selected dynamically by the multi-agent
system to cover the prerequisites of new lessons depending on the user's profile.

In order to provide intelligent tuning and improve the adaptation quality of the learning environment,
[23] proposes a multi-agent adaptive learning system architecture based on incremental hybrid case-based
reasoning to make the right decision in real time under the current learning environment.

The documents [24, 25, 26, 27] presents mobile learning systems using the multi-agent paradigm. The
systems provides adaptive learning content, personalized to the learner's style and preferences, to increase
learner satisfaction and facilitate the learning process.

Taking into account the research works reviewed earlier, it is found that agents can provide students
with personal assistants for personalized learning in order to improve the effectiveness of the learning
process. However, the problems that arise during distance learning, namely the monitoring of class
attendance and the detection of falsification during testing or exams, still remain unsolved.

This document is aimed at developing the architecture of an agent-based learning platform (ALP) to
provide online education services, which allows students to be aware of the progress of their own
educational activities and to interact with parents in the event of an incident when their child is at risk.



3. The proposed model of the agent-based learning platform to provide online
education services

Learning management processes become efficient and transparent when each participant in the
educational process will have access to the information intended for him. This is possible when internal
management processes at the university are carried out with the help of information technologies.
Educational services become understandable and accessible in electronic form, and the management of
the educational institution will always have true data to make effective decisions.

For effective management of internal learning processes in an educational institution, the authors have
developed a model of an agent-oriented educational platform, which can be used to provide services to
university management, teachers, students, and their parents.

The proposed ALP model is a general structure that covers the relationship of all components: a multi-
agent system (MAS), a university web portal, a Moodle learning management system, a cloud data
storage and a developed student behavior monitoring subsystem [28]

The architecture of the proposed agent-oriented learning platform for providing online educational
services is shown in Figure 1.
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Figure 1: Architecture of the agent-oriented learning platform

In Figure 1, user access to ALP components is indicated by black arrows; the connection of ALP
components for monitoring student behavior is indicated by white arrows; the messaging relationship is
indicated by the gray arrows.

The multi-agent system is designed for modeling the process of communication and coordination of
participants in the educational process. This approach helps to solve urgent problems of each of the
participants thanks to the monitoring of information located on Moodle and on the university's Web
portal.

The multi-agent system is presented as follows

MAS = {Ag, A, E}, 1)
where Ag = J(A.gStudent' AgLecturer: AgAdmin: AgRectoraterAgGuest} — a set of agents operating in the
en\'/irolnment' E; A = {Astudent ALecturerr Aadmins ARectorates Aguest} — @ Set of agent actions (4; =
{a},d}, ..., ak},i = (Student, Lecturer, Admn, Rectorate, Guest)); E = {EMonitoring, EMoodles
EUniversity} — a set of states of the environment of Student behavior monitoring subsystem (Eyonitoring)»
the environment of LMS Moodle (Eyoqie) and the environment of University Web portal (Eyniversity),

(Ej = {e{, eg, ...,e,];l},j = (Monitoring, Moodle, University)).
The interaction of agents and the environment is the execution of actions:
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The behavior of the environment is modeled as a function of the state converter
Y;: fj(ended with aj,) = p(E), (k=1,n), '(3)
This function represents the set of environmental states Y;(f;) that can occur as a result of action ay, in

state e

Due to the fact that learning resources are decentralized, the use of only one stationary agent will not
be sufficient. Therefore, mobile agents are needed to receive information from various resources (LMS
Moodle, University Web portal, Amazon S3). A society of agents was created to develop a multi-agent
system (Fig. 2).

Each agent is assigned a specific role. MAS functionality is available to agents with the following
roles:

"Student™ - students, graduate students and doctoral students;

"Lecturer" - teachers and researchers;

"Admin" - site administrator;

"Rectorate"” - university administration (rector, vice-rectors, dean, etc.);
"Guest" only if the role of the guest is performed by the student's parents.
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Figure 2: The main actors of the multi-agent system

Agent

Student behavior monitoring subsystem allows:

e the teacher to make a decision regarding the assessment of the student's knowledge in case of
detection of falsifications during testing or exams;

e the teacher to increase the student's activity by adjusting the total score for attending classes;

e determine the duration of students' attendance at classes in accordance with the established
schedule in the educational institution for parental control.

All users of the proposed ALP - employees, admin, students, postgraduates, applicants, guests, etc.,
can have access to various components of the ALP depending on the role performed and receive
information and all kinds of help regarding the educational process at the institution of higher education.

For example, "Student" can:

e have access to Moodle blocks related to store, communicate and collaborate;

e automatically receive up-to-date information from the university's Web portal, from the dean's
office and teachers;

e get a certificate that he is a student of this institution (with enrollment order number, term of
study), individual study plan of the applicant (acquired credits and grades);



e  participate in surveys (internal and external);

o learn about scientific conferences, internships, scientific circles, Olympiads, hackathons, etc.;

e to be invited to participate in scientific works with publications indexed in various scientometric
databases;

e to keep certificates, diplomas, awards for academic success.

"Lecturer" can:

e have access to Moodle blocks related to store, communicate, evaluate and collaborate;

e to receive information about the duration of students' attendance at classes and notification of
detection of falsifications during testing or exams;

e automatically receive up-to-date information from the university's Web portal, from the dean's
office and teachers;

e acertificate of employment;

e to be invited to participate in scientific works with publications indexed in various scientometric
databases;

¢ information about scientific conferences, internships, etc.

“Admin” can:

o performs the necessary actions to support the operation of the Moodle platform;

e receives up-to-date information for the effective operation of the Moodle platform and the
university's Web portal;

e is responsible for maintaining the functionality of the university's Web portal and ensuring
network security, manages the placement, updating, and moderation of content.

“Rectorate” can:

e have access to Moodle blocks;

e provide information for the university's Web portal.

“Guest” can:

e have access to open information on the university's Web portal;

e receive information about the implementation of the student's individual study plan, if the role of
"guest" is performed by parents.

Agents are represented as functions

Ag: f; (ended with e{i) - A, (u=1m). 4)
The behavior of an agent in an environment is the set of a]l runs
F(Ag,Env),  (Env = {E, ey, Y;}). (5)

Moodle LMS is a learning platform used to provide teachers and students with a personalized learning
environment. This software is deployed on its own web server. Moodle is free and open source software
under the GNU General Public License. Anyone can adapt, extend or modify Moodle for both
commercial and non-commercial projects without any licensing fees.

There are many tasks in the educational process. At the initial stage of the development of an agent-
oriented educational platform, the authors limited themselves to the implementation of only one task - the
assessment of the knowledge acquired by the student. This functionality provides important information
related to a student's progress and allows you to individually highlight students' weaknesses or strengths
and inform parents of their child's academic progress. In order to achieve this goal, there is attendance
monitoring and ongoing control, which is carried out during the semester during classroom classes
(lectures, laboratory and practical classes, etc.) To do this, according to the established schedule of
classes, "Student Agent" detects negative aspects:

e absence of a student in classes;

e sum of points obtained according to the results of the final/semester test of success in accordance
with the schedule of the educational process is less than the minimum permissible.

In case of negative aspects, "Student Agent" sends a message to parents that their child is in the risk
zone.

Figure 3 shows a usage diagram showing the main functionality of the agents.

Initialization occurs as the first event handled by the agent, and deinitialization occurs after the
application terminates. Deinitialization and initialization are performed only once.

Receiving messages from other agents is one of the main functions of an agent. An agent can receive
messages from other agents or information from the network. Messages are sent to inform other agents or
to give an indication of what action to take.
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Figure 3: Agent program usage chart

Receiving messages from other agents is one of the main functions of an agent. An agent can receive
messages from other agents or information from the network. Messages are sent to inform other agents or
to give an indication of what action to take.

Timer event handling is used to periodically check any resource on the network or to check the status
of any task performed by another agent.

Each agent is equipped with a knowledge base consisting of scenarios to follow in order to achieve a
given goal.

A multi-agent system is based on several agents that are designed to communicate and exchange data
in order to provide users with relevant information, for example, to notify a student and his parents that he
is at risk due to poor academic performance. Within the framework of the proposed model, the agent
receives messages from other agents and external notifications about the activity of the learning process
from the environment.

Agent Management provides agent management, allows you to create and delete agents, publish
information about the services provided and find agents providing the necessary services and enter into
negotiations with them.

The diagram of the interaction performed by each agent from the moment of launch to the end of its
existence in the environment is presented in fig. 4.
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Figure 4: The agent activity (cooperation) diagram

Deinitialization

Actions performed by participants, who are involved in ALP, are marked with rectangles. The
sequence of actions performed by agents is indicated by vertical arrows, and messages exchanged by
agents are shown by horizontal arrows. A solid arrow indicates that this message is sent in any case, and a
dashed one means that sending the message depends on some condition.

Viewing the chart starts with the agent running. At this point, a request to register on the server is
broadcast. The server, upon receiving such a request, adds information about this agent - the current
location and its type (Agent Management, Admin Agent, Rectorate Agent, Lecturer Agent, Search Agent



and Student Agent) to its database. Based on this data, it generates a unique identification code for each
agent. This code is used when sending messages between agents and the server. After registering on the
server, the agent executes a script specific to it.

Messages are received and sent if the corresponding script is executed for this agent. The agent sends a
request to receive data, the server sends it to the agent, and then the script is launched (Fig. 5). The
downloaded message is stored in a file on the drive, and its handle is passed to the script.

Server
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Agent \

Handler
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Figure 5: Messaging mechanism

When sending a message, the corresponding script is launched, which is designed to process the data
that will be sent. Then a descriptor is formed, which specifies the size of the message, the way to place
the message on the disk, the identifiers of the agents that should receive it, and a checksum to verify the
integrity of the message. This handle is sent to the server, which downloads this message at the specified
address. It then parses the handle and sends a new message notification to all agents specified in the
handle.

Thus, the developed system gives ALP users the opportunity to maintain updated information that
helps to improve learning outcomes.

4. Modeling the agent's function of detecting negative incidents in the
educational process

In this paper, the authors emphasized the implementation of the learning progress control function. For
this purpose, the agent, in case of detecting negative aspects (student's absence from classes is more than
20%, or the student received the sum of points based on the results of the final/semester academic
performance check in accordance with the schedule of the educational process is less than the minimum
allowable), sends a message that this student is at risk.

An agent is created by adding a corresponding component to the program workspace. Creating an
agent includes two actions: programming the agent and linking the created agent to other agents. Linking
occurs by connecting two agents in the workspace. Communication between agents can be uni- or bi-
directional. In the first case, messages can be transmitted only in one direction and in the other - agents
have the ability to exchange messages in both directions

Programming agents and organizing their interaction is done with the help of basic HTML, CSS,
JavaScript, PHP, and MySQL capabilities.

The monitoring subsystem uses a web camera to track the presence of students in class [28]. Based on
the monitoring results, the detection time (in minutes) of the student's presence during the entire class is
recorded. This data is stored on the server. According to the set timer parameters (Fig. 4), Student Agent
checks the attendance data stored on the server and builds a table (Fig. 6).

The data is stored in a table that consists of the following elements:

e unique_id - a unique record identifier that is generated from the time the record is created and
encoded in md5 format;

e data - information about student attendance, which is stored in json format;

e create_at - date of creation of the attendance record in the usual date format.

The data in the table is updated every week of the training plan. Each record contains information
about the attendance of one week.
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Figure 6: Table of student attendance at classes

The results of the analysis of students' success from the course at the time of the inspection are shown
in Table 1 (for the period 2023-03-13 — 2023-03-13) and the results of the general analysis of students'
success according to the educational plan at the time of the inspection are shown in Table 2, where Th, —
the total hours of lectures; H. — the hours of the student's attendance at lectures, Thy, — the total hours of
laboratory/ practical works; Hi, — the hours of the student's attendance at laboratory/ practical works; Pwin
— the minimum allowable points per semester for the course; Sp — the student's accumulation of points for
the course; N, — the number of uncompleted laboratory/practical works.

Table 1
The results of the analysis of students' success from the course
Username Group Thip/ Hip Pwin/ Sp
Albert Joref KIT-22-1 2/2 20/25
Kirill Petrtenko KIT-22-1 2/1,8 20/20
Pavlo Sydorenko KIT-22-1 2/1,5 20/0
Denis Vashenko KIT-22-1 2/0 20/0

Analysis is performed weekly.

ﬁzlfeiults of the general analysis of students' success according to the educational plan
Username Group Tho/ He Thip/ Hip Ny
Albert Joref KIT-22-1 50/48 28/26 0
Kirill Petrtenko KIT-22-1 50/41,8 28/24 1
Pavlo Sydorenko KIT-22-1 50/36,5 28/20 2
Denis Vashenko KIT-22-1 50/1,5 28/0 7

Analyzing the diagram in Figure 7 helps to identify the links between different indicators and draw
conclusions about student performance and student achievement. For example, the relationship between
attendance and academic performance: if students who attend more lectures and labs also have fewer



incomplete assignments, we can conclude that regular attendance can affect a student's academic

performance.
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Figure 7: The diagram of student success for the semester

If you click on a row, you can see more detailed information in a separate window (Fig. 8):

e "status" - is an automatic check of the json file for correctness of formation;

e result” - information about the created record: unique key; date of creation; period for which the
data was collected; identifier of the study group; information about each student of this group (their
attendance at the disciplines that are mandatory in the curriculum).

“status™: "OK"
"result”
"B27CCbBesaBarocc4C34a16891F84270"
"id": "827ccbhéesastareec4c34alegaltEae7h”
"date_generate": "2923-83-1% 21:88:81"
"info_from": "2823-83-13 to 2023-83-19"
“group”: "CITm-22-1"

"students_imfo"
‘class_attendance™
"Tatarnykoy Andrii”
"wizits_minutes”: "357/358"
"subj_best_attendance": "Multi-agent systems"
"minutes_best_attendance™: "175/188"
"mizsed_classes”: "a&"
"subj_worst_attendance": "Intelligent data analysis"
"minutes_worst_attendance": "115/1z2a8"

'Petrenko kKirill"
"visits_minutes": "281/3&68"
"subj_best_attendance": "Multi-agent systems"
"minutes_best_attendance™: "118/128"
"missed_classes”: "1"
"subj_worst_attendance": "Features of modern scientific comewnication”
"minutes worst_attendance": "a/ca"

"sydorenko Pavlo"
"wisits_minutes”: "14a/358"
"subj_best_attendance": "Multi-agent systems"
"minutes_best_attendance™: "g9a@/128"
"mizsed_classes”: "3"
"subj_worst_attendance": "Intelligent data analysis"
"minutes_worst_attendance": "a/12e"

Figure 8: Information on student attendance in JSON data exchange format



The json (JavaScript Object Notation) format is independent of the implementation language, so it is
convenient to use it for data exchange.

Depending on the debugging parameters of the developed system, the agent sends a message to e-mail
(Fig. 9, 10).

Attendance report of student Petrenko Kirill for the period 2023-03-13
- 2023-03-19

Name of the student: Petrenko Kirill
Period for which the data were received: 2023-03-13 - 2023-03-19

Attendance at classes: 201/360 minutes

Subject with the highest attendance rate: Multi-agent systems

Attendance percentage for " Multi-agent systems " 110/120 minutes

Number of missed classes: 1

The subject with the lowest attendance rate: Features of modern scientific communication
Percentage of presence for Features of modern scientific communication - 0/60 minutes

Figure 9: Mail notification of successful training

« B O m B 0 & B D

WARNING!

HaTtania Akcak <nataliia.axak@nure.uas
- KOMY MEHI

WARNING!

Student Vashenko Denis is in the risk zone!

Period for which the data were obtained 2023-02-13 : 2023-03-27

Attendance at classes 90 minutes with a total duration 7 020 minutes | 39 lessons)

3

Figure 10: Mail notification in case of a negative aspect

Depending on the settings, the notification can be sent weekly in any case (Fig. 8), or the notification
will be sent only if negative aspects occur. Figure 9 shows an example when a student VVashenko Denis
attended classes for only 90 minutes from the beginning of the semester 2023-02-13 to the current date
2023-03-27, although during this period 39 lessons were held for a total of 7020 minutes. Therefore, this
student is at risk of being expelled.

5. Discussion

The approach proposed on the basis of the agent-based learning platform model allows solving the
complex problem of timely provision of knowledge together with monitoring of student performance by
both teachers and parents. This helps to increase the effectiveness of distance learning. The chosen
learning strategy allows us to detect the lack of student progress in a timely manner by monitoring the
information available on Moodle and the university's web portal. In the event of negative aspects
(prolonged absence of a student from classes, the amount of points received based on the results of the
final/semester academic performance check in accordance with the schedule of the educational process is
less than the minimum allowable), the system notifies the student, his/her parents and the teacher that
such a student is at risk. Thus, the student has the opportunity to control his or her academic performance



and, if necessary, to liquidate his or her debts in a timely manner, i.e., to successfully complete the course
and not be expelled.

6. Conclusion

The paper solves an urgent problem that arises during distance learning in an e-learning environment,
namely, analyzing and monitoring student performance.

To effectively manage the internal learning processes, we propose a model of an agent-based learning
platform that can provide services to university management, teachers, students, and their parents. The
novelty of the proposed model lies in taking into account the interconnection of all its components: a
multi-agent system, a university web portal, a Moodle learning management system, a cloud data storage,
and a subsystem for monitoring student behavior. The multi-agent system is designed to model the
process of communication and coordination of participants in the educational process. The role of each
actor of the multiagent system is defined.

The use of the JSON data exchange format made it possible to realize communication between agents.

Modeling the identification of negative aspects in the learning process with the help of agents
confirmed the feasibility of the proposed approach.
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