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A MULTI AGENT EDUCATIONAL SYSTEM

Abstract

The Intelligent Agent (1A) is currently an important field and hot research in the
Artificial Intelligence field. 1A, for education, is classroom -and platform- indepen-
dent because such a system generally will be online, so it can be used by a huge
number of learners [1].

In this paper, we are proposing a multi-agent system for an educational applica-
tion. The system includes an educational system which is composed of an explainer
module, a problem generator module and an evaluation module. There are a group
of agents that help the system to do its job. The system has a graphical user interface
and can be connected to the Internet. The student can go through the explainer, then
to the problem generator, which shows a set of problems and gives a possibility for
the student to solve this problem step by step; then the answers go through the eva-
luation module, which analyzes them, and identifies the problem areas which are
difficult for the student, and shows how we can treat these problems. Also, it stores
the scores of the student in a student record and shows it to him/her, in a self exp-
lanatory form if he/she requests it.

During all of these procedures a system of five intelligent agents helps to get our
objectives from this system.

1. Introduction

Agent technology is considered as the next generation of design and manufactu-
ring systems. Researchers have already applied agent technology in designing many
systems in many fields. The intelligent agent is a natural system that senses its
environment and takes actions according to its objectives [2],[3].

A non-intelligent agent is a group of operations that can be executed to represent
an action or reaction. Intelligent agents sometimes have one goal, and sometimes
have more, but they must have more knowledge agents as regards reasoning in the
space of their activity.

Also, they contain more knowledge about the needs, preferences and patterns of
behavior of the person or process and it may also know about other intelligent
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agents. So, the basic differences between non intelligent agents and intelligent
agents are behavior and environment [4], [5].

When using intelligent agents technology in education, an intelligent tutor can
determine the student’s level of knowledge on the subject, define weakness in
his/her skills, form lessons and exercises to educate the student, correct misconcep-
tions and strengthens a student’s skills. Here, intelligent agents are used as delegates
for the human when this task costs too much if it is performed by human and the
agents are capable of high quality performance and human; trust [7], [8], [9].

2. Intelligent and non-Intelligent agents

A non-intelligent agent is an executable operation composed of simple sta-
tements of action or reaction.

An intelligent agent contains more knowledge about the needs, preferences and
patterns of behavior of the person or process that spawns the intelligent agent, and it
may also know about other int. agents and resources that might exist in the network.

Thus, the basic distinction between simple agents and intelligent agents are in
behavior and environment [2], [10], [11], [12].

3. Multi agents system (MAS)

Agents in a multi agent system (MAS) necessarily interact with other agents.
They may compete for a resource or collaborate toward the solution of a problem or
toward the achievement of a common goal. For example, when an agent has to wait
to access a resource because other agents are using it, the agents main tool for inter-
action is communication. Communication allows agents to exchange information as
well as requests for services. For example, an agent that needs to make financial
decisions may want to ask other agents for stocks quotes, or it may want to subcont-
ract parts of its financial analysis out to other agents. When combining communica-
tion and problem solving, the solution to a problem is rarely restricted to the agent
itself; rather, it often involves other agents [8], [9], [10], [14], [15], [16].

Intelligent agents have a dual behavior: they are goal-directed programs that au-
tonomously and proactively solve problems for their users; on the other hand, agents
have a social dimension too, when they are participating as a part of a multi-agent
system (MAS) [11], [12], [13], [14], [15], [19]. There are problems interest in kno-
wing how to allocate agents to computers and launching them onto remote hosts.
Once the agents have been launched, the question ishow to monitor their run-time
status so as to manage computing resources effectively [14], [20], [21]. As autono-
mous problem solvers, agents need to develop a model of their environment that
allows them to reason on how the actions they perform affect their environment, and
how those changes lead them to achieve their objectives. Ontologies provide the
conceptual framework that allow the given agents to construct such models. Onto-
logies describe the type of entities that agents encounter, the properties of those
entities, and the relations between them. For example, a stock-reporting agent may
require ontologies describing not only concepts like the ticker symbol, but also the
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relation between stock and ticker symbol and the properties of stocks (such its value
expressed in some currency) [17], [21].

4. Agent system architecture

Agent system architectures give the organizing frameworks within which agents
are designed, while an infrastructure provides the services that are available to the
agents as they operate.

Here, we classify the agent-based system architectures into three categories: hie-
rarchal architectures, federated architectures and autonomous agent system
architectures [2].

4.1. Hierarchal architectures

A traditional hierarchal architecture organization is shown in Figure 1. The hig-
hest level is a manufacturing enterprise, which implemented as a central node,
consists of various databases and knowledge bases, with monitoring, reasoning,
decision making and control mechanisms. Subsystem managers are subordinate to
this central node. Each subsystem manager controls a group of resource agents. Each
resource agent may be a manufacturing device, a human being, a CAD/CAM tool, or

other software or hardware [2].

Manufacturing Enterprise

Department Shop floor Shop floor
Manager 1 managerl managerl

ey

Figure 1: A general hierarchal architecture for agent based design and manufactu-
ring system
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4.2. Federated architecture

In hierarchal architecture there is a serious problem that is associated with the
central node. Federated multi-agent architecture is considered a good solution for an
industrial agent-based application

There are several widely accepted approaches, such as:

—  The facilitator approach

—  The broker approach

—  The matchmaker approach
The mediator approach [2]

4.3. Autonomous architecture:

This type of architecture should have the following characteristics:
1. It has knowledge about other agents and its environment.
2. Itis not controlled or managed by any other agents or humans.
3. It has its own goals and an associated set of motivations.
4. It can communicate and interact with other agents in the system or
extra/other systems.
This architecture does not provide a shared knowledge, yet there is a dependence

2.

Communication

‘/ with extra
systems

Agent 4

Figure 2: Autonomous Agent system Architecture

5. Domain Knowledge of the system

The Domain Knowledge contains two ,lessons”: “the prime numbers and
number factorization” which are a part the grade four math class in elementary
schools, shown in Figure 3. We chose this domain for two reasons:

—  The students in this stage are facing difficulties in these lessons specifically.

— Such lessons are more difficult in language schools.
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In the first lesson we take “Factors” and “Prime numbers” and in the second les-
son we take “Common factors” and the *“ Highest and Lowest common factors” [22].

The Explainer
|

‘ |

- ‘ Factorization ‘

Prime Numbers ‘ ‘

— | | |
Factors Highest Common
Factors

[
Lowest Common
Multiples

Prime Common
Numbers Factors

Figure 3: Domain Knowledge

6. The used Tool in the system

In this system we used “Websphere Application Developer Integration Editi-
on”(WSAD). This tool works with the Java Server Page (JSP) technology. A JSP is
a text based document that describes how to process a request to create a response.
JSP technology supports a number of different paradigms for authoring dynamic
content. The key features of Java Server pages are:

— Standard directives

—  Standard actions

—  Scripting element

—  Tag extension mechanism

—  Template content

Such a tool gives the facility to use the commands of HTML, the commands of
JAVA and the Java script. So it gives a huge humber of commands you can use in
the programs. In addition to this, there is a simulation of a server in the package and
you can run the programs on it instead of using the Internet each time [23], [24],
[25], [26], [27].

7. The Multi Agent Educational System (MAES) architecture:

The internal architecture of the system is shown in Figure 4, which shows us that
the system consists of:
—  An Educational system, which consists of:
— An Explainer module.
— A problem solving module.
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— An evaluator module.
— Student record.
— Aqgroup of Intelligent Agents.
—  Communication Interface.
— Infrastructure network or Internet.

7.1. The Educational system:

The educational system has the most important role in the system. It explains the
domain then generates a group of problems, receives the student’s answers to analy-
ze them, diagnoses the student’s problems then treats them. Also, it records the stu-
dent’s status via his answers in the student record.

The educational
syslem

A

The Domain
Enowledge

The EXPLAINER

Troblem solving
madnle

I

O3 b330

-—
e—

Evaluator module

/PR

[IPRTRULH
\

Figure 4: The internal structure of the system

7.1.1. The working session of the Explainer Module:

The Explainer module passes through two phases to do its job. This job is to exp-
lain the lesson, via a:

—  Text screen explaining phase.

—  Generating examples phase.

7.1.1.1. Text Screen explaining phase:

This phase takes the identifications that each part of each lesson include and
displays them on a graphical form screen. Some examples of these screens are in
Figure 5.
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¥ Server - Application Developer Integration Edition

fle Edi Perspective Project Window Help

G- @ BN B2

o L

Lesson 1 &

o e

Factors and Prime Numbers

Identification:

We Know that 10 is divisible by 2

We can write 10 /2 =S and also 10 =5X2

in this case, it is said that factors 2 is one of the
of number 10, also is divisible by S

S0 5 is one of the factors of the mumber 10.

Figure 5: one of the text screens for the first lesson (factors)

7.1.1.2. Generating example phase

This phase gives examples for each part of each lesson and shows them on in a
graphical form screen, taking into account the fact that the student is interacting in
solving the example. Here, demonstration of an example for every part of each les-

son is represented

For part | of lesson 1 (factors)

=2X6
/
2 is one of is one of
the factors of 12 the factors of 12
then 12=3 X ----- appears

here | give the student a chance to write a number instead of the points and the
system takes the number he put and compares it with “4”; and if the two numbers
are matched the system shows that:

12=3X4
3 is one of 41s one of
the factors of 12 the factors of 12

If his answer doesn’t match the right one the system will declare a message that
says “try again, your answer is wrong” and the system shows 12 = 3 X ---- again and
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gives him another chance, takes his answer again, then compares it with the right
one; if it is the right answer the system proceeds again, and if it is wrong the system
tells the student to check the multiplication table.

The system continues in the same way until the system has got all the factors of
“12”; it then deals in the same way with other examples [22].

¥ Server - Application Developer Integration Edition

He Edt Persoective Froject Window Help

k5 g KFer L ¢

[fiee oot BOBOAMAES s webcgkcation/paged i ST T |

e |

Hello mona

Natice and Complots
12=2X6

2 15 oue of the factors of 12
& is ane of the Factors of 12

12=1x3 =] Gof

Figure 6: An example from the first lesson (factors)

For part 1l of lesson 1 (prime numbers):

After explaining what prime numbers are and how we get them, the system
shows gives examples, like:

Write down the prime numbers between 1 and 20.

Solution:

2,3,5,7,11,13,17,19
The system then shows some examples with incomplete solutions, and gives the
student a chance to complete this solution -and then sees if it is right or wrong.

For part | of lesson 2 (number factorization):

30=---X6 30=2X5X ---

30=3 X --- 30=1X-----

All of these are called “factorization” for the number 30.

A factorizing for the number 30, using graphics and animation, are then created
in the front of the student, like:
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30 2

15 3
5 5
1

therefore 30 =2 X3 X5
The system subsequently shows some other examples using graphics and ani-
mations as depicted in Figure 7.

¥ Server - Application Developer Integration Edition

[/ iocalhos BORD/MAES Autor webAgelicaton pageS in Aelscesal [l

L

30=1X30

All these forms are called "Factorization" for the number 30
We can factorize the number with another method as follows

hitp:lacalhost ol ppl pages.sp?82.114

‘s Start % Server - Application D.., | (il appl - Micrasoft Word

Figure 7: An example of the second lesson (prime factors)

For part Il of lesson 2 (Common factors — highest common factor H.C.F.):

The system gives an example, using graphics and animation, to obtain common
factors of 24 and 36:

24 | 2 36 2
12 | 2 18 2
6 2 9 3
3 3 3 3
1 1

24=2X2X2X3
36=2X2X X3X3

HCF.=2X2X3=12
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¥ Server - Application Developer, Integration Edition = [B]

Gle Edit Perspective Project MWindow Help

5 - HES |G- RFeFs k|

= 3

B |||/ fion/page5 jsp) Aelec o a| [l
|| Common Factors - Highest Common Factors ]

We can find H.C.F. of 24 and 36 by factorization
of each number to prime numbers

Figure 8: An example of the second lesson (highest common factors)

Via the same strategy, the system uses some examples to show persons how to
get the lowest common factor, like:

Multiples of the number 6 are 0,12,18,24,30,36,--------------

Multiples of the number 9 are 0,9,18,27,36,----------------

The common multiples of both 6 and 9 are 0,18,36,----

The smallest multiple of these common multiples, except 0, is called L.C.F.

Also the system shows to the student that he can get L. C. F. by using factori-
zation [22].

7.1.2. A working session of the Problem Solving module:

The job of this module is abbreviated in three tasks:

—  Torepresent a group of problems for every lesson.

— Torepresent a group of lower level problems given a student’s wrong answers.
— To provide a special screen for every type of problem the studentdeals with. [28]
It comes with a graphic background and sound.

Here are some examples of the problem screens as they appear when we run the
module, in which we can see the graphic user interface:
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b T 14
Problems of Lesson 1 1%

Prolem no.1:

Flend ower snanliess (124 have only 2 Factors eaci®

Lion o My Comatw

Figure (9-a): A form of a problem from the first lesson

Prolem nn.::‘

Pat trae or falie

7 s & pritme nmmber.

7 it 2 Cactars

CORTTE |

o o My Comptw

Figure (9-b): The form of another problem from the first lesson

o Elrror o b rass i ¥ 8 i ™

What ks the mamber which b 3 conmon factor for ol muawhers?

Pralem no 4:

Fimd & mabtiples Tor each of the tne pumbers 4 . 6 and find L.C.BL

LM =

CONTHUE | &
Lion o My Comatw

Figure (9-c): The form of another problem from the second lesson



7.1.3. A working session for the Evaluation module:

This module is the heart of the system. Here, the answers of the student are eva-
luated. The system takes the answers of the student step by step and checks if they
are correct or not; it then diagnoses the problem of the student and records
everything in the “student record”, as shown in the example of Figure 10.

The problem in Figure 6 is taken as an example to show how the evaluator mo-
dule works. This problem has three problems inside, because the task is to get the
factors of 8, 14, 100; this problem appears with its answering screen, and the student
will answer on this and then press the button “submit” to send these answers to the
Evaluator. The Evaluator module will work like this:

2 ppend.jup - Microsolt Intornet Fxplesar previded by MaSaWY

Be [l few Faeots Dok e

oot b turigritict bk . 3 60

] pore o oy Gt

Figure 10: Another problem for the second lesson

If the student answers correctly for the number (8) the next number will appear
(14) on the same screen, giving a student the chance to solve this then (100) comes
if he answers correctly. His evaluation will be recorded in his “student record”.

— If he answers wrong the first time, the system will consider that it is a mistake in

writing the numbers, so it gives him another chance to solve the same problem.

— If he answers wrong the second time, the system will diagnose the problem of

the student (e.g. that he may not understand the examples very well) so the
system will show him a lower level problem of the same type on the same
answering screen. The same strategy will be repeated. If he then answers wrong-
ly or correctly, this will finally be recorded in his “student record”.

— If he answers wrongly the next time, the system will know that he did not un-

derstand all of the lesson -so the system takes him to the Explainer to check the
lesson another time, and then shows him the problem again [28].

7.1.4. The Student Record

This is a file in which everything about the student’s answers will be recorded
i.e.
—  If she/he answers correctly or not, ont he first attempt, or subsequently.
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— Diagnosing the student’s problem and seeeing how to treat it.
— Scores and evaluation for the student, such as: Excellent, very good, and so on.

(28]

7.2. The intelligent agents:

The agent system architecture is autonomous (as talked about previously).
Thus, MAES agents are autonomous cognitive entities with communication ca-
pabilities.
The system includes five intelligent agents, as shown in Figure 11:
1. Reviewer agent
2. Problem reviewer agent
3. Praiser agent
4. Objection agent
5. Recording agent

Educational Svstem
o Explainer

A

‘ Reviewer agent W

Examples

™

Problem reviewer
agent

\ Problem Generator

Praiser agent

Evaluator

h

SRS SN, (e
Recordingageit 1 Student Record |
J

Objection agent =

I

Figure 11: The educational system and its agents

7.2.1. The Internal structure of an agent

Each agent consists of five parts (as shown in Figure 12):
Symbolic model of the agent

Internal K.B. of the module that the agent is dealing with.
Local knowledge of the model of the task to be performed
The communication interface

The network interface

gD E
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Y= ==
t m Agent model
— ? ":? Loeal /
m ? knowledge
o & _R‘
t S Internal
— K B.

Figure 12: Internal structure of an agent

7.2.2. Reviewer agent:

The Reviewer agent deals with the explainer module, example module and eva-
luator module. When the system checks a student’s answer and finds that it is
wrong, and gives him a chances to correct himself, though he can’t, the system will
take him to the examples or the explainer pages again to get more understanding of
the lesson. That is the job of this agent.

7.2.3. Problem reviewer agent:

When the system checks the student’s answer and finds that it is wrong the first
time, it gives him another chance to solve the same problem, so the system needs to
re-show the problem and its solving screen. Also, if it is the second time and the
student answers wrongly, the system displays a lower level problem for the student
to solve. So this agent is helping him/her to do these tasks. Thus, this agent is hand-
ling the problem generator module and evaluator module.

7.2.4. Praiser agent:

Its job is to praise the student when he/she answers the problem correctly. A
praising message appears, with beautiful music, as shown in Figure 13. So this agent
needs to deal with the evaluator module.

[ 5arve: - Apslication Developm Itngraton Ecisn

e G Eewertive Ppmc gnie e

= M- RFIE N S

o | YT TN CR A e |

il - ey . — . X R
Student Name: mona

Wow,Excellent mona you got a surprise here

1

N

Figure 13: Form of the praiser screens
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7.2.5. Objection agent

This agent deals with the evaluator module. Its job is to make objections to the
student when he answers incorrectly. A message appears that shows that his answer
is wrong, with a sad music, as shown in Figure 14.

Student Name:mona

Oops, wrong mona vou got a print mistake

Figure 14: Form of the objection screen

7.2.6. Recording agent

This agent deals with the evaluation module and student record. The evaluation
module evaluates the student answers and sends to the recording agent the informa-
tion about the student and her/his answers -which records such information in a file
with the name of the student. This file is called the student record. Then, when the
student asks to see his scores the agent can open this file to show him.

8. Conclusions

Through this research an educational system is being implemented using intelli-
gent agent technology. The educational system is composed of an explainer module,
an example module, a problem solving module, an evaluation module and student
record. The educational system is aided by a group of intelligent agents that help the
system to behave intelligently with the students. After implementing the system, it
will be on line. So, any student in any place can easily use it.
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