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An Intelligent Multiagent Tutoring System (IMATS) in Artificial Intelligence (AI) is presented in this paper. The authors

describe ways of improving the quality of teaching AI through the use of agent technology. An interface agent, an

authorization agent, an SQL agent, and a student agent can be integrated into the intelligent learning environment. These

agents can guide and assist students as needed, probe their understanding, and promote learning and retention. They also

exploit the natural human tendency to respond socially to computing systems. Here a brief historical perspective of

intelligent learning environments is discussed and followed by an explanation of the IMATS framework. Next, a detailed

description of the intelligent tutoring system, IMATS, is given. Then the results of usability evaluation, effectiveness

evaluation, and satisfaction level evaluation of the software system are presented. The IMATS framework incorporates an

incremental approach to obtain the dynamics of knowledge accumulation in the domain of interest and the learned

knowledge content over time.
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1. Introduction

There has been a fast rise in interest in the Internet

and the World Wide Web as vehicles for instruc-

tional delivery. Although the web-based course

management tools have appeared and are widely

used, the on-line courses are often patterned after

classroom instruction and thus suffer from the

limitations of large group instruction [1].
Computer-aided instruction (CAI) systems were

developed in the early 1960s, when theywere used to

schedule resources, handle teaching aids, and grade

tests. However, the computer was mainly applied to

interact directly with the student rather than used to

serve as an assistant to the human instructor. CAI

systems thus advanced to intelligent computer-

aided instruction (ICAI) systems and then intelli-
gent tutoring systems (ITSs) when the principles of

artificial intelligence were employed in them [2]. The

‘intelligence’ in these ITSs is that these systems can

adapt themselves to the learning features of the

students, namely, the speed of learning something,

particular in an area in which the student excels or

falls behind, and the rate of learning asmore knowl-

edge is acquired. In such intelligent learning envir-
onments, a set of agents can be co-opted to finish

pedagogical tasks [3–5].

The above reasons havemotivated us to develop a

new educational program called Multimedia and

Web-based Technology of the Computer Science

and Information Engineering, National Formosa

University, Taiwan. In the academic year of 2007,

this program aimed to educate students to be en-
gineers who might design and implement intelligent

systems formultimedia information and knowledge

processing and who could realize and apply fully

interactive man–machine interfaces.

As part of this program, a two-semester under-

graduate course on AI was developed with follow-

ing objectives:

1. to introduce the basic ideas of knowledge-based

systems and the relevant AI techniques regard-

ing search and problem solving algorithms,
reasoning and production systems, expert sys-

tems, knowledge representation, fuzzy logic,

natural language understanding, machine

learning, speech recognition, neural networks,

and agent technology;

2. to explain by examples and instruct the issues

regarding AI programming in general and in-

telligent multi-agent applications in particular.

The IMATS framework is intended to create a
learning experience that is a significant improve-

ment on the traditional classroom learning experi-

ence and gets closer to the ideal state of

individualized instruction, since the advantages of

the Web can assist students in learning anywhere
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and anytime. In other words, the instruction should

be student-centered, and thus encourage student

motivation and foster active cognitive processing

during learning [6–10]. Therefore, it can provide

students with individualized feedback in order to

accomplish the learning objectives completely.
The rest of this paper consists of the following

topics. Section 2 discusses the intelligent learning

environments. The IMATS framework is intro-

duced in Section 3. A comparison between a control

group and an experimental group is given in Section

4. Section 5 gives the conclusion.

2. Intelligent learning environments

The AI course focuses on letting students learn how

to apply the basic AI algorithms to solve real-world

problems, instead of learning how to use compli-

cated software tools. Consequently, the require-

ments that an intelligent tutoring system (ITS) for
the AI course should fulfill can be summarized as

follows [11]:

1. The ITS should provide the development of

intelligent agents aiming to monitor, filter,
and retrieve relevant information from the

World Wide Web.

2. The ITS should be simple and user friendly, and

include built-in, Java-implemented, agent tem-

plates that employ example-based learning, and

can be edited to contain the required AI algo-

rithms based on the goals of a programming

assignment.
3. It should also include the concepts of concur-

rency, multi-agency, and persistency.

4. It should meet SCORM (Sharable Content

Object Reference Model) specifications, which

are considered as international standards in

education.

Nowadays, due to the relatively low cost of modern

technology, computer hardware and its peripheral

devices become a less and less impediment to the

development of an intelligent tutoring system. The

largest obstacle is one’s ability to develop effective
and interactive learning environments [2]. Intelli-

gent tutoring systems must provide their own learn-

ing environment and let students participate in it.

Most intelligent tutoring systems contain their in-

structional model represented by procedural rules

[12]. These rules may point out certain student

errors and provide correct solutions. Other infor-

mative factors include the history of the tutorial
session, significant student actions, the type of

knowledge taught, and comparisons between the

student’s and the tutor’s knowledge [2].

The agent-based learning method, coming di-

rectly from a learner to respond intelligently, was

developed a long time ago [13]. The idea of intelli-

gent agents has been broadly investigated for sev-

eral years. In essence, an agent can be thought of as

an entity that perceives its environment by using

sensors and performs actions by using effectors [14].

From the system’s points of view, an agent possesses
a specific plan of action restricted by a certain

domain and a behavior pattern that interacts with

the world stimuli from the environment. Based on

AI literature, agents have such properties as being

autonomous, reactive, temporal, goal driven, com-

municative, flexible, and can learn [3].

Compared with a human-based approach, the

agent-based learning environment has several ben-
efits. The student has flexibility in terms of time

needed, convenience, adjusting interaction prefer-

ences, encouragement to reflect on the thinking

process, and the presence of a willing collaborator

[3]. In someonline learning environments, one agent

alone performs the entire set of functions, namely,

managing the lesson plan, interacting with the

student, organizing the AI content, taking feedback
from the student, periodically evaluating the stu-

dent performance, and updating theAI content [15].

However, other online learning environments con-

tain a set of coordinating agents that work together

to manage an environment that is conducive to

learning [16].

Although numerous agent frameworks have been

proposed in the huge body of literature [17], and
several software packages based on agents are now

available [18], few of these existing agent frame-

works satisfy the above requirements. The existing

Java-based agent frameworks contain Agent Fac-

tory, IBM Aglets, AMETAS, Beegent, Cougaar,

CIAgent, DECAF, FIPA-OS, Grasshopper, Hive,

JACK, JADE, JAFMAS/ Jive, Kaariboga, LIME,

MadKit, NOMADS, OpenCybele, Pathwalker, Se-
MoA, Tagent, Tryllian, Voyager, SAF, and ZEUS

[11]. Consequently, the above reasons lead the

author to create the IMATS framework that would

fulfill most of the previous requirements and yield

an educational tool used to introduce an AI course.

3. Intelligent multiagent tutoring system
(IMATS) framework

The Intelligent Multiagent Tutoring System (IM-

ATS) focuses on the instruction of undergraduate

computer science students. The materials covered

are those typically presented in the Artificial Intelli-

gence (AI) course. IMATS monitors the student’s

activities in learning and understanding the main
material, pointing out any difficulties that the stu-

dent might have and tutoring the student when

necessary. The tutoring includes identifying a stu-

dent’s weak points in one or more learning objec-
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tives. Based on the nature of the weak points,

IMATS then modifies the instructional procedures

and/or the amount of materials provided. These

modifications are made to let the student correct

any logical mistakes and explain any misunder-

standing regarding the material.

In order to construct the IMATS framework, we

applied the following software tools: JADE, JAVA
execution environment, Tomcat JSP server, Apache

web server, Microsoft agent, Reload editor for

SCORM,MASH, JBuilder, Visio, ODBS database,

and Macromedia Flash MX 2004.

The IMATS framework courseware contains the

following topics [19–22]:

1. AI Introduction

2. Search and Problem Solving

3. Reasoning and Production System
4. Expert Systems and Knowledge Engineering

5. Uncertainty, Probabilistic Reasoning and

Fuzzy Logic

6. AI Programming Languages

7. Knowledge Representation

8. Natural Language Understanding

9. Cognition

10. Machine Learning
11. Robotics

12. Speech Recognition

13. Neural Networks

14. Interface and Information Agents

15. Multiagent

3.1 IMATS framework

The proposed Intelligent Multiagent Tutoring Sys-

tem (IMATS) consists of a network of agents that
work cooperatively to deliver lessons effectively to

students (Fig. 1). In this system there are four main

agents, namely, interface agent, authorization

agent, SQL agent, and student agent. Compared

with 1-tier and 2-tier (client–server) architectures,

this 3-tier architecture has the following advan-

tages:

1. The user does not need to install a client soft-

ware package, but only one general browser is

needed. Hence this system is more user-friendly

than the traditional one.

2. When a new version of the software package is

developed, each client software component

needs to be upgraded, but this 3-tier architec-
ture only needs to upgrade a JSP web server.

Thus this will keep the cost down a lot and

become much easier to maintain.

3. When the number of users is increased, the

workload of the client–server must become

heavier. However, this system can allot more

tasks to different computers. For example, the

JSPweb server can be one computer, the agent’s
running environment can be more than one

computer, and the ODBC database can also

be another computer. Therefore, this system is

superior to the traditional one in terms of

adaptability and load balancing.

This IMATS framework consists of three subsys-

tems, which are Web server/SCORM 1.3.3 LMS,

ODBC database, and agents running the environ-

ment. First, the Web server/SCORM 1.3.3 LMS
provides the user with web services. We can key in

and modify its commands in order to link to the

interface agent and to perform the data analysis and

decision making. Second, the ODBC database is

used to store the user’s personal and learning in-

formation. No specific database server is needed

and thus it is more flexible to manage. Third, the

agent’s running environment is used to provide
agents with scheduling, message communication,

and life-cycle management. In this IMATS frame-

work, we define four agents as follows:

1. Interface Agent: Based on FIPA specifications,

each agent must have its own specific message-
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exchange formats. Since SCORMLMS cannot

directly exchange message with the agent’s run-

ning environment, the interface agent is thus

needed to communicate with SCORMLMS by

translating messages into TCP/IP format.

2. AuthorizationAgent: The authorization agent is
used to perform two main tasks. First, it must

verify the user’s identification and authoriza-

tion. Second, it must construct a student agent

corresponding to the user. Meanwhile, it must

appropriately send a query to the SQL agent.

3. Student Agent: Since this is a multi-user system,

one authorized user must correspond to one’s

student agent developed in the agent’s running
environment.

4. SQL Agent: Similar to the design concept of

interface agent, SQL agent serves as a commu-

nicating channel between the OBDC database

and the agent’s running environment. To ex-

tend the scalability of themodules, access to the

OBDC database should be in a higher fre-

quency.

3.2 System operation description

As depicted in Fig. 2, the system operations se-

quence is described as follows:

1. The user starts to log in the IMATS by using ID

and password.

2. SCORM 1.3.3 LMS accepts the request from

the user and sends message to the interface

agent.
3. The interface agent verifies the log-in message

and sends the related message to the authoriza-

tion agent.

4. The authorization agent, ready to authorize

and match the user’s ID and personal data,

carries out communications with the SQL

agent.

5. The SQL agent sends a query message to the

OBDC database.

6. The OBDC database replies to the SQL agent.

7. The SQLagent sends the queried results back to

the authorization agent.

8. The authorization agent authorizes the queried
results and ensures that they are correct, and

one student agent is assigned accordingly.

9. The authorization agent sends a success mes-

sage back to the interface agent.

10. The interface agent sends a success and the

related message to SCORM 1.3.3 LMS.

11. SCORM1.3.3LMSpresents the correctly quer-

ied results to MsAgent and the user.

The IMATS message exchange sequence and

message communication between agents are shown

in Fig. 3.

3.3 Sample screen shot in JADE

Once the GUI (graphical user interface) parameters

are input to the management tool, the JADE is

activated. The sample screen shot of a sniffer agent

in JADE is illustrated in Fig. 4. As the name implies,

the sniffer agent is basically aFIPA (Foundation for

Intelligent Physical Agents)-compliant agent with
sniffing features. When the user is determined to

sniff an agent or a group of agents, every message

directed to/ from that agent/ agent group is tracked

and displayed in the sniffer agent’s GUI. The user

can view every message and save it to the disk. The

user can also save all the tracked messages and

reload it from a single file for later analysis.

3.4 Audio-visual teaching materials in SCORM

First, we can record all the teaching activities and

materials using an Audio-Visual (A-V) recorder.

Then we put the A-V files into SCORM. Students

can access these A-V files any time and anywhere.

The Audio-Visual teaching materials in SCORM
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can provide students with the opportunity to view
and review the course contents if necessary.

3.5 Creative methods

Based on [23], the promising creative methods in-
clude the following possible activities: to reverse, to

transfer, to combine, to change direction, to extend,

and to reduce.

1. To reverse is to subtract on one side and to add

on the other side.

2. To transfer is to add or to subtract according to,

or similar to, a pattern that already exists some-

where else.

3. To combine is to add, and is probably the
second most widely used method to solve pro-

blems and to create new things.

4. To change directionhas a special case, to reverse.

For instance, to reverse is a change direction of

180 degrees. But, the change of direction can be

any number of degrees.

5. To extend can actually be viewed as to combine

something similar to something already in ex-
istence. So to extend can be considered as a

special case of combining.

6. To reduce is to subtract. To divide is a special

case of reducing. To reduce is the reverse of

extending, and is also the reverse of combining.
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3.6 Macromedia flash

All the typical problems in each chapter are solved

and demonstrated by macromedia Flash. Students

can obviously get some key ideas from the macro-

media Flash, instead of just reading verbal and

symbolic algorithms. Also, they can create new

problem-solving abilities.

Example: Missionaries and Cannibals [19]

Three missionaries and three cannibals are on one

side of a river, with a canoe. They all want to get to

the other side of the river. The canoe can only hold

one or two people at a time. At no time should there

be more cannibals than missionaries on either side

of the river, as this would probably result in the

missionaries being eaten.
As depicted in Fig. 5, the taller and green clothed

people are missionaries and the shorter and red

clothed people are cannibals. After students have

learned this example, they can easily get a clear

picture of how to solve this problem. Moreover,

students are asked to transfer this problem solving

ability to another, for example, a farmer crossing

the river with three animals including a cat, a rat,
and a dog. Also, students are asked to extend the

number of missionaries and cannibals to four, or

five.

4. Evaluation of IMATS

The format of this IMATS evaluation is cited from

the [2]. The evaluation of the proposed IMATS

framework contains two aspects: a usability evalua-

tion and an effectiveness evaluation. Usability in-

formation focuses on the IMATS framework’s

functional effectiveness, efficiency, ease of learning

and use, quality assurance and motivational influ-

ence. Effectiveness evaluation provides information

about the impact on students’ learning.

4.1 Usability evaluation

1. Sample and Instrumentation: Usability data

were obtained from students taking the AI

course who were participating in the effective-

ness study. In total, 56 students successfully
completed the IMATS Usability Question-

naire, which included 20 itemsusing afive-point

Likert-type scale (where 1 = strongly disagree

and 5 = strongly agree) and open-ended items.

Usability data were also obtained from the

user’s log files.

2. Usability Results: Students rated IMATS as a

useful learning tool for the acquisition of AI
related concepts (mean = 3.62) and an essential

source of information (mean = 3.41). About

56% of students thought that the more they

used the IMATS framework, the more they

learned. Although students do not agree that

they enjoy a learning tool as much as they do a

leisure one, the evaluator directly asked them

this question (mean = 3.09). Most students
found IMATS framework easy to use (mean =

4.02) and intuitive (mean = 3.72). They gave the

same high marks to use of the different office

components (mean = 3.81) and to use of the

virtual lab (mean= 3.21). They reported limited

navigation within sections (mean = 3.23).

3. Students reported that the various components

of the IMATS framework were helpful; they
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rated the virtual bookshelf as the most helpful

feature (62%). Eighty-two percent highly en-

dorsed the clarity of the teaching materials.

Although participating students might be tech-

nologically sophisticated, they rated numerous

features of the virtual environment as realistic:
student’s role as an AI engineer (mean = 3.12),

the company office (mean = 3.11), and virtual

lab (mean = 3.07). Students rated IMATS as a

high-quality multimedia product including

audio quality (mean = 4.01) and graphics qual-

ity (mean = 3.97).

The analysis based on the students’ log files indi-

cated that students accomplished a number of

learning objectives (median = 14). The most fre-

quently encountered objectives were related to the

heuristic search algorithm, reasoning, fuzzy logic,

and multi-agent techniques. The least frequently

encountered were remedial objectives regarding

neural networks, robotics, and speech recognition.
This outcome is fully consistent with the content

expected in the AI course.

4.2 Effectiveness evaluation

1. Sample and Design: Students enrolled in the AI

course participated in a quasi-experimental

study to examine the impact of IMATS on

learning (N = 56). The AI course contained

two sections: 28 students in one section com-

prised the control group and 28 students in the

other section obtained a curriculum in which

the instructor applied IMATS. The interven-
tion was assigned to match sections randomly.

2. Data Analyses and Results: In order to compare

the outcome of traditional instruction with that

of the proposed IMATS framework, we select

one junior class of 56 students and divide it into

two groups, namely, a control group (A) and an

experimental group (B) [1, 5, 10]. Each group

contains 28 students.

3. The control group (A)was taught by traditional

instructionmethod and the experimental group

(B) was taught by the proposed IMATS frame-

work. Starting from the second week of this

semester, we are intensively teaching Artificial

Intelligence in the four contiguous weeks using
the two different instructional methods. The

experimental results are summarized below.

4.2.1 The statistical scores analysis for Group A

and Group B

Based on the tests, the related scores are shown in

Table 1. The number of attendees is 56 (N) in total.

For group A test, the highest score is 80, the lowest

score 17, and the average 51.22. For group B test,
the highest score is 95 and the lowest score 46, the

average 62.89.

4.2.2 t-test for Group A and Group B scores

For research purposes, the related scores are ana-

lyzed accordingly. GroupA andGroup B scores are

t-tested as shown in Table 2. As the t-tested results,

the scores’ standard deviation is up to the difference

of significance. This shows that the students’ aca-
demic achievements have been significantly im-

proved if the IMATS teaching activities are used.

In other words, the IMATS activities can remark-

ably enhance the learning performance.

In summary, for the control group, the students

felt that the teaching materials were tedious and

boring; learning speed is slow, and retention is

ambiguous. For the experimental group, the stu-
dents felt that the teaching materials were interest-

ing and attractive, learning speed is fast, and

retention is obvious.

4.3 Satisfaction level evaluation

The results for the satisfaction level from the ques-

tionnaire are presented below.

1. The IMATS sessions have improved my under-
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Table 1. Group A and Group B tests’ statistic scores

No. of
students Lowest Highest Average

Standard
deviation

Group A 28 17 80 51.22 14.21
Group B 28 46 95 62.89 15.12
N 56

Table 2. t-test summary for Group A and Group B scores

No. of
students Average

Standard
deviation t-values Significance

Group A 28 51.22 14.21 2.729
0.025 *

Group B 28 62.89 15.12

* p < 0.05.



standing of the lectures provided within this

module. (85%)

2. The IMATS sessions have helped my under-

standing of the theoretical AI algorithm design

process. (80%)

3. The IMATS sessions have improved my under-
standing of the practical aspects of AI algo-

rithm design. (73%)

4. Having participated in the IMATS sessions, my

confidence and ability to undertake a real AI

algorithm design has been enhanced. (75%)

5. The IMATS sessionswere realistic and reflected

typical real practical situations. (69%)

6. The IMATS sessions have helped my ability to
work in groups. (75%)

7. The IMATS sessions were well organized and

effective. (78%)

8. The IMATS sessions should be kept as part of

this module. (85%)

9. Howmotivating do you feel the IMATS system

was? (Very motivating, 83%)

10. How much harder did you work than usual?
(Much harder, 72%)

11. How well did you feel learned the course mat-

ter? (Very well, 87%)

12. How was your learning experience? (Fun, 86%)

According to the above results, if the satisfaction

level 75% is set to be a successful criterion, then
those items except (3), (5), (10) have achieved the

successful criteria.

4.4 Discussion

The IMATS framework presents the following ben-

efits and results:

1. providing theDepartment ofComputer Science

and Information Engineering, National Taipei

University, Taiwan, with an example software

system on Artificial Intelligence;

2. providing teachers with a computer platform to

setup, save, analyze, deduce, and organize the

teaching materials and files;

3. assisting students in visualizing the behavioral
performance of those complex AI algorithms;

4. enhancing students’ learning interests and effi-

ciency;

5. accumulating teachers’ annual teaching experi-

ences in order to improve the quality of AI-

based instruction.

5. Conclusions

The IMATS framework aims to assist students in
clearly understanding the theory and applications

of Artificial Intelligence. It obviously performs bet-

ter and becomes a successful undertaking. Further-

more, by using the IMATS one the students’

problem solving capabilities and creativity still

need to be cultivated. Finally, the student must be

assigned some AI-related projects and do more

exercises in order to design some creative algo-

rithms.

Applying the IMATS framework, one can con-
trol the student’s progress non-intrusively and effi-

ciently modify or tailor lesson delivery to help the

student with learning. It also allows for incremental

knowledge updates, thus providing the current

knowledge bases.
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