
 

 

Abstract: The subject of this paper is agent-
based simulation and how it is applied in e-
education. The goal is to analyze the possibilities 
of using agent-based simulation models for 
solving various problems in the context of e-
education. Based on the results of the analysis, 
two simulation models have been developed: one 
regarding grouping students into teams and the 
other one regarding the organization of lectures in 
e-learning. NetLogo software was used for 
implementation. The data was collected from the e-
learning platform Moodle at the Department for e-
Business, Faculty of Organizational Sciences. The 
results of the research show that agent-based 
simulation can contribute to the improvement of 
the teaching process. 

 
Index Terms: agent-based simulation models, e-

education, NetLogo 

1. INTRODUCTION 

HE subject of this paper is agent-based 
simulation and how it can be applied in e-

education. 
 

The continual development in the field of e-
education necessitates using various tools for 
support in decision-making. An essential feature 
of such tools is their ability to process big 
amounts of data in real time, as well as the 
possibility that the results of their analyses will 
later become decisions that help improve the 
teaching process. 
 

Agent-based simulation is used in many fields 
of science, such as Systems Theory, System 
Dynamics, Information Technologies, 
Management, Social Sciences, and Modeling and 
Simulation. However, there are not yet any 
satisfactory solutions in the field of e-education. 
 
 Agent-based simulation may greatly improve e-
education. The purpose of the models developed  
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through this research is to improve the tools 
which are used in e-education systems. 
 

The goal of this paper is to overcome such a 
research gap by providing examples of how 
agent-based simulation is used for solving 
problems in e-education. 

2. LITERATURE REVIEW 

2.1 Simulation and modeling based on agents 

One approach to computer simulation is  based 
on agents (Agent-Based Modeling and 
Simulation, ABMS). Agents are characterized by 
their properties: the rules based on which they 
make decisions and their ability to interact with 
other agents. It is important to note that they can 
modify and adapt their behavior [1][2]. Simple 
behavior protocols and an agent’s relations to 
other agents determine how it behaves [3]. 
 
 Every simulation model has a big number of 
inputs and outputs, and often the systems they 
model are interdependent. The input variables of 
one system can be the output variables of 
another. Agent-based modeling and simulation 
provide more realistic models and new 
opportunities for simulation and modeling, and 
the output of such models can be better 
organized and later analyzed using specialized 
instruments. 
 
 The agents used in the simulation models 
presented in this paper come from the field of 
Robotics and Artificial Intelligence.. The main 
application of agents lies in modeling people’s 
social behavior, social events, and individual 
decision-making [4]. 
 
 Various scientific areas, such as Systems 
Theory, System Dynamics, Information 
Technologies, Management, Social Sciences, 
and Modeling and Simulation, all have 
connections to agent-based modeling and 
simulation. 
 

In the first stages of their development, agent-
based simulation models were used for modeling 
biological systems. Nowadays their usage is far 
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wider, and they are mostly applied in modeling 
social processes. 
  

The applications of agent-based models can be 
seen in stock market models, supply chains, 
epidemic models, and many other models. On 
one hand, agent-based models can be simple 
models used for academic purposes, and on the 
other hand, they can represent systems that 
support large-scale decision-making. 
 
 The most important characteristic of an agent 
is its ability to exist independently and provide an 
answer to any event that occurs. Agents have 
behaviors through which they independently 
make decisions, perform actions, and react to the 
inputs from other agents or from the environment, 
all with the aim of realizing required goals. 
 
 Researching students, their behaviors and 
habits constitutes the basis for analyzing an e-
education system. This is significant both for the 
professor and the student. The analysis of 
students provides information about their needs. 
 

The requirement is to build a model of a part of 
an e-education system. The questions that need 
to be answered are the following ones: 

 How do the students behave? 

 What are the results of applying certain 
education strategies? 

 What are the results of certain pedagogical 
approaches? 

2.2 Rules for ABMS Models 

Constructing models based on agents is similar 
to constructing any simulation model. At the 
beginning, it is necessary to determine the 
purpose of the model, then the questions for 
which the model should provide the answers, and 
finally who the users of the model are. 

 
The process of modeling has multiple 

iterations. The following figure demonstrates the 
cycle of modeling [5]. 
 

 
Figure 1: The cycle of modeling agent-based models 

2.3 Environments for Developing ABMS Models 

ABMS models may be created using the 
standard programming languages and tools, or in 
environments that are suited specifically for such 
kind of modeling. All these software environments 
have multitude of functionalities and there is a 
plethora of scientific literature on the subject. 
 

There are multiple approaches and tools when 
it comes to developing ABMS models [6]: 

 modeling using spreadsheet software – 
mostly MS Excel, while also using VBA 
(Visual Basic for Applications) macros, 

 usage-specific programming languages 
and environments, such as NetLogo, 
Repast, Repast Symphony, StarLogo 
etc., 

 systems for mathematical modeling, such 
as Mathematica, MATLAB and others 
and 

 standard software languages and tools, 
such as .NET, Python, Java and others. 

3. AN APPLICATION OF AGENT BASED SIMULATION 

FOR GROUPING STUDENTS INTO TEAMS 

Within the Department for Electronic Business, 
there is a course named Electronic Business into 
which six hundred students enroll each year. 
Within the course there are assignments and a 
project which constitutes the final part of the 
exam. Students can work on everything 
individually or in teams. However, the course’s 
focus is on the implementation of the project by a 
group of at least two students and at most three 
students. It is necessary to determine a way for 
these teams to form. 
 

For solving this problem, a simulation model 
made in NetLogo (version 6.0.3), is used [7][8]. 
The following figures show the user interfaces for 
situations when a team of two students is formed, 
as well as when a team of three students is 
formed. The figures consist of the model’s inputs, 
its and the simulator’s parameters, the agents’ 
interactions with one another, and finally the 
outputs. The outputs can be seen on the graph 
on the right. 
 

This model is made up of inputs, which are 
represented using the following variables: 

 the size of the team (team-size), 

 the probability that a new addition to the 
team will be a student experienced in 
teamwork (p slider), 

 the probability that a former partner will be 
chosen (q slider) and 

 the number of steps (max-downtime). 
 



 

 

Figure 2: The results of the simulation for a two-member 

 

 

Figure 3: The results of the simulation for a three-
member team 

 
This model contains two groups of students, or 

more precisely team members: newcomers and 
incumbents. The first type represents students 
who had not previously collaborated with anyone, 
whereas the second type represents the students 
who already have experience in teamwork (this is 
not the first time they are collaborating with 
someone on a project), and who are more 
knowledgeable (or more educated). 

 
In the left part of the user interface there are 
controls (sliders) that reference the input 
variables, and their values are determined at the 
beginning of the simulation. The control for team-
size represents the number of team members 
and possible values are 2 and 3. The next control 
is the p slider, which represents the probability 
that a new addition to the team will be an 
experienced student (incumbent), whereas q 
slider represents the probability that a former 
partner will be chosen. Once the formation of the 
teams is finished, all the team’s members 
become connected. If students do not participate 
in their team’s activities for a certain period of 
time, they are removed from the model, as are all 
of their connections. That period is defined 
though a number of steps, which is determined by 
the control max-downtime. 

 
The students who are newcomers are in green 
and the ones who are incumbents are in yellow. 
The color of the relationship that belongs to a 
team member signifies which of these two types 

the member is. If the relationship is in blue, the 
student is of type newcomer. The colors yellow 
and green represent incumbent-incumbent and 
newcomer-incumbent relationships, respectively. 
The color red represents the relationship between 
students who have partnered on a project before. 
 

On the right part of the screen there are graphs 
that contain the outputs of the model, and on it 
there are the results of the simulation. 
 

The figure below shows the graphical output of 
a model for a two-member team. Here the model 
is centered on the type of the relationship 
between the team members. 

 

 

Figure 4: Graphical representation of the relationships in 
a two-member team  

 
The following graph shows that most 

relationships are of type newcomers (in blue), 
where the team is made up of two inexperienced 
students; there are fewer relationships of type 
newcomer-incumbent (in green), where the team 
is made up of one inexperienced and one 
experienced student. Finally, there are the fewest 
relationships of type incumbent-incumbent.  
 

 

Figure 5: Graphical representation of the relationships in 
a three-member team 

 
 The previous graph shows that most 
relationships are of type newcomers (in blue), 
where the team is made up of three 
inexperienced students; there are fewer 
relationships of type newcomer-incumbent (in 
green), where the team is made up of one 
inexperienced and two experienced students (or 



 

two inexperienced and one experienced student). 
Finally, there are the fewest relationships of type 
incumbent-incumbent.  
 

If the relationships of type newcomers (in blue) 
were dominant in number over the other two 
types, we could conclude that the experienced 
students - the ones who have experience in 
teamwork and are more educated - are 
underperforming. If there were more relationships 
in red and the relationships of type incumbent-
incumbent (in yellow), then we could conclude 
that there is a lack of creativity and experience 
among the students. 
 

Professors need to have an insight into how the 
teams are formed, or more precisely what the 
team members are like, and based on that, they 
can distribute the assignments. 

4. AN APPLICATION OF AGENT BASED SIMULATION 

FOR ORGANIZING LECTURES IN E-EDUCATION 

Within the aforementioned course on Electronic 
Business, practical lectures are delivered in 
classrooms that are equipped with computers. 
There are classrooms with 20, 30 or 60 seats. 
The course’s practical lectures are delivered by a 
professor or a teaching assistant, with the help of 
a few learning assistants, whose number 
depends on the capacity of the classroom.  There 
can be one, two, three or four assistants. 
 

The following table contains the data on how 
the practical lectures in computer-equipped 
classrooms may be organized. 
 

Capacity (number of 

seats) 

Number of Learning 

Assistants 

20 1, 2 

30 1 - 4 

60 1 - 4 

Table 1: The possibilities for organizing practical lectures 

 
For solving this problem, a simulation model 

made in NetLogo (version 6.0.3) is used 
[8][9][10]. The following figure contains the results 
of the simulation for a 30-seat classroom. The 
results consist of the model’s inputs, its and the 
simulator’s parameters, the agents’ interactions, 
and finally the outputs, which are shown on the 
graph. 
 

 

Figure 6: The results of the simulation for 30-seat 
classroom 

 
Within the model there are three types of 

agents: professors (Instructor), students 
(Students), and assistant (Learning Assistant, 
LA). Red squares represent the students’ seats. 
The blue square represents the place where the 
professor or the assistant delivers the lecture, 
and the green squares represent the learning 
assistants. The white space represents the area 
in which the learning assistants may move. 
 
This model contains three networks which 
connect the students: Geometric, Erdős-Rényi 
Random and Watts-Strogatz small-world 
networks. Based on these networks, which 
demonstrate the number of one’s neighbors, we 
may propose the following scenarios of how the 
students study: 

1) lecture only: individual studying, with no 
interactions with others; 

2) ER-RN: individual studying, with help from 
the neighbors (students) in the random 
network; 

3) WS: individual studying, with help from the 
neighbors (students) in the small-world 
network; 

4) Geom: individual studying, with help from 
the neighbors (students) in the geometric 
network, and 

5) Geom-LA: individual studying, with help 
from the neighbors (students) in the 
geometric network, and the learning 
assistants who answer questions. 

 
Students who don’t follow any of these 

scenarios when it comes to studying might still 
raise their hand in class. The learning assistants 
then approach them. Once they have answered 
all of the students’ questions, they go back to 
their initial positions. 
 

The right part of the user interface contains the 
controls (sliders) for the rules of interaction. The 
control self-learn represents the probability that a 
student will study passively. Social-influence 
represents the probability that a student will study 
with others, and the control la-teach-ability 



 

represents the probability that a student’s 
knowledge is the result of their interactions with 
learning assistants. La-tick represents the time a 
learning assistant spends with a student. 
 

The following figures show the graphical output 
of a model for a 30-seat classroom, which may 
have one, two, three or four learning assistants. 
 

 

Figure 7: Graphical representation of the outputs of a 
model for a 30-seat classroom with one learning 

assistant 

 

 

Figure 8: Graphical representation of the outputs of a 
model for a 30-seat classroom with two learning 

assistants 

 

 

Figure 9: Graphical representation of the outputs of a 
model for a 30-seat classroom with three learning 

assistants 

 
These figures show graphs with the number of 

students who have successfully followed through 
the lectures (that is, completed their 
assignments); the scenario they used; and finally 
the time they took to accomplish all this. We may 
conclude that in all of these four situations all 30 
students successfully followed through the 
lectures, in a certain period of time, using 
different scenarios. 

 

Figure 10: Graphical representation of the outputs of a 
model for a 30-seat classroom with four learning 

assistants 

 
The difference between the students is in time 

they needed to complete the assignments. In the 
first case – in the case of a classroom with a 
single learning assistant – they needed 6.1 units 
of time. In the case of a classroom with two 
learning assistants, they needed 5.04 units of 
time. In the case of a classroom with three 
learning assistants, they needed 4.08 units of 
time, whereas those in a classroom with four 
learning assistants needed the least amount of 
time: 3.99 units. Based on these results, we may 
conclude that the difference between the last two 
cases (three and four learning assistants) is not 
significant, so the decision regarding the optimal 
number of learning assistants for a 30-seat 
classroom needs to be made using other 
parameters. 

5. CONCLUSION 

Research into students, their behavior and their 
habits, constitutes the basis for analyzing an e-
education system. This is significant both for the 
professor and for the student. 

More and more educational facilities are using 
the tools of electronic education, which is a more 
effiecient way of teaching. It provides better 
communication between the participants in the 
process and motivates students to perform better. 
 

Agent-based modeling and simulation provide 
more realistic model and new possibilities in the 
field of simulation and modeling. 
 
 This paper may help solve multiple problems in 
the context of e-education, such as those related 
to grouping students into teams and organizing 
lectures. 
 
 The results of the research show that agent-
based simulation can contribute to the 
improvement of teaching process. 
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