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Abstract— Most of exist distance learning (d-learning) systems don't consider preferences, education levels, skills, or
interests of different learners at designing and generating e-courses. This paper provides a design for an ongoing
research in a new system for generating a customized e-course using a multi agent system for d-learning platforms,
such as mobile learning (m-learning) and e-learning. It proposes an approach for tailoring learning paths for e-
courses in d-learning platforms. This learning path (syllabus) is tailored as a double linked list of hyperlinks to course
materials. Then, the system generates a customized e-course specially created for certain learner(s). Its delivering to
an individual learner becomes a learner-customized which enhances learning outcome, interesting of learners and
distance learning. This is done through using six cooperative agents to generate computer and language e-courses in
training institute for variety of learners of different levels and objectives. The proposed system would be trained under
supervision of an instructor after finishing its implementation.
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I. INTRODUCTION

Distance learning or education is an efficient way for delivering education and driving learning, basically on an
individual basis, to learners who are not physically setting in a classroom. It could provide learning when the source of
knowledge and learners are separated by distance and/or time" [13]. Now, it is available in distance education, open
online courses, which are wanted to be accessed at large-scale interactive learning participation and open accessing
through all network technologies including the internet [22].

Learner in m-learning uses the modern emerged manufacturing tools such as smart phones, tablets, handheld
computers, MP3 players, and notebooks. These because it focuses on learning while the mobility of the learner, to
interact with portable technologies. Using these tools for creating learning materials and aids becomes an important
component of informal learning [21]. The fast grown of tablets and smart mobiles results in similar grown of the
designing and developing of e-learning for mobile devices simultaneously, and may be faster. There is difference
between viewing m-learning material on smart mobile and viewing it in a tablet or laptop. It requires much planning to
fulfill each device and its requirements. In the time being, M-learning could be considered as one of the efficient
platforms to respond to the requirements of d-learning.

A huge number of Al applications and techniques are widely used in tutoring and education systems. The most widely
technique is the intelligent agent and multi agent, which can be used in most learning platforms. An intelligent agent can
be described as an autonomous calculated entity [15]. The actions of agent in the environment are typically mediated via
an appropriate middleware, which provides a first-class design abstraction for multi agent systems, offering means to
govern accessing resources and agent coordination [24].

In the time being, most of exist e-learning systems are course-centric and not learner-centric. So, their service can't
directly or effectively match goal of the learner, because they don't care with the diversity of learner population [11].
They might be enhanced if the learning material could be adapted specifically to the needs, and preferences of certain
learner and according to learning progress. Agent could be run in the e-learning environment to perform the pedagogical
tasks autonomously [18].

The presented paper proposed generating a customized tailored e-course material according to the qualification,
interest and objectives of the learner. Whenever, objective and profile of a learner are changed, his category (class) is
updated. Then, a new learning path (syllabus) for each learner is generated as a list of hyperlink to certain topics or pages,
to be used in building his private e-course. He can access e-services, anytime, anywhere, from any PC, laptop, tablet
computer, pocket PC or any GSM mobile smart phones. This is done depending on running six collaborative agents.

Il. RELATED M-LEARNING SYSTEMS

M-learning could be considered as an intersection of e-learning and mobile computing. It should be able to deliver
dynamic and instant learning material anytime and anywhere in an efficient manner. M-learning system has to present an
efficient and personalized content to the mobile learner to encourage collaborative learning. The technology of agents is
suitable for developing m-learning systems, because it supports intelligent and distributed storage, allows an efficient
personalized m-learning [1].

Chen and Hsu proposed in [4] a system to recommend articles of English news to learners depending on the learners’
reading abilities. Their Personalized Intelligent Mobile learning System (PIMS) provides an effective and efficient
mobile learning mechanism by adaptively recommending articles and enhances learning of unknown vocabularies for
learners.
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Wei and Yan designed in [23] an integration model for e-learning systems based on web services and intelligent
agents. In this model, all applications and learning components can be distributed on the Internet and loosely connected.
Due to using agents, the learning content might intelligently be customized to fit the special needs of individual learners.

Henry and Sankaranaryanan explained in [9] that the e-learning process can also be conducted using mobile devices,
which is called m-learning. The differences between e-learning and m-learning are the constraints of the limited CPU,
memory size, and the screen size of mobiles (which are not big enough to download or view the learning material). Also,
it should be considered the availability of internet connectivity and a tutor to be physically present.

Hashemi et al. presented in [8] a learning management system model. In their model, the learning environment could
be structured according to learner context information such as his desire view of the system.

Taharim et al. discussed in [20] the conceptualization of the relationship model of interaction design, playful
interaction, kansei engineering and mobile usability in mobile learning. This model could provide the prescription and
motivation in designing mobile application for teaching and learning.

Yusoff and Dahlan explained in [26] the integration of two platforms: the augmented reality (AR) and the concept of
learning engagement through mobile based AR. They proposed an effective guideline in building the prototype to be
used among students in generating the focus during learning process through AR environment.

Gil and et al. discussed in [7] an important issue, which generates the need of using decentralized distributed
architectures in which mobile devices can share architecture resources to carry out the activity covering the concerns
identified by different stakeholders. This issue can be addressed in the design and implementation of an architectural for
m-learning applications, which is a result to the dynamic nature of the learning field.

Yushun and et al. proposed in [25] a programmable facility for assembling mini-courseware and extracting dynamic
learning resource. Also, they focus in importing learning resources in Ubiquitous Learning Object. Castellanos and
Sanchez presented in [3] a framework that allows tablets and smart mobile to download resources of digital library.

I1l. ARCHITECTURE OF THE LEARNING SYSTEM
The multi agent systems are constructed from Semi-autonomous agents. Those agents interact together towards achieving
individual and/or collective goals or to cooperate to resolve some problems. They could be heterogeneous or
homogeneous. They always have common goals or at least have a degree of communication between them [2].

The proposed system is designed to provide a tailored customized e-course for each learner(s). This is done to reason
with learner knowledge level, objectives, requests, wishes, and target. It includes six agents cooperate together to
perform its task. Figure 1 shows the structure of the proposed system, which emphasizes the role of each agent and their
cooperation. While, table 1 describes the roles of those agents.

Instructor Learner @

Instructor Interface Learner Interface !

Question KB

Domain Agent <—> Material KB \
Interface Agent

Assessment Agent

y
Teaching Agent Syllabus KB

Teaching KB Tailoring Syllabus » Profile KB
Agent o st

Figure 1: Architecture of the Multi Agent System.

All material offered by the institute are collected in material KB, by domain agent from the instructors. They are
prepared as isolated topics. Each topic is stored in a separate file (page) in material KB. Also, it has a class, its main
attributes are: topic-id, topic-name, topic-hyperlink, prerequisite-topic-id, sub-objective, original-course-name. Most of
these topics reside on our site. Some might found other sites on the WEB. Object of those classes are stored in the
teaching KB.
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Each topic has its questions stored in a question KB to be used in assessment creations. They are categorized by their

topic-id. Each topic has a sub objective, while; its original course has an objective. All objectives and sub-objectives are
consulted to learner to select his objectives from a list of objectives of all courses and topics in the site

TABLE |
DESCRIPTION OF ROLE THE SIX AGENTS IN THE SYSTEM
Agent Name Description
Domain Agent (DA agent) Responsible of acquiring material from the instructor and filling the site pages of material KB by

text, audio, video, and graphics. It might also have links to external pages in the WEB, if needed
Responsible of acquiring the prerequisite topic for each topic in the course material pages. It collects
this information from the instructor the Teaching KB. It reviews if a course material is suitable to
certain learner or not. In addition, it filters the generated syllabus by removing the repeated and
contradicted material. This filtering process is done under the instructor supervision of, only in the
training sessions
Assessment  Agent  (AA Responsible for_ creaj[ing assessments such as quizzes or tests, ElSayed [5]. When the Iearn_er
completes certain topic or a whole course, CA agent sends a request to AA agent to create special
agent) assessment. Then, AA agent selects exercises or questions from the question bank with random
function to produce an assessment in different levels of difficulties. The AA agent will mark the
solved assignment and give marks and correct answers for all exercises and questions in the
assignment.

Teaching Agent (TA agent)

Responsible for the interaction with the learner for acquiring his profile and personal information.
The agent then, stores this information in the learning profile Knowledge KB. In addition, the agent
will receive a stream of hyperlink to topics of an e-course, one at a time, from the CA agent to
consult a customized e-course. During training sessions, the agent consults the generated tailored
learning path of an e-course to the instructor for his agreement.

The learning process manager and controller. It initiates the work of other agents and collects their
gains. In addition, It Analyses knowledge profile of the learners, and updates their profile record. For
example, it gets results of learner tests from AA agent and evaluates efficiency of learner answers,
and then it updates his profile KB accordingly. The CA agent also reads the special learning path
(tailored syllabus) for each learner and passes these data to the IA agent for consulting the specified
pages

Responsible for generating a special learning syllabus for each learner. It acquires the profile
knowledge of the learner to get his objectives and sub-objectives. Then, it finds out the hyperlinks
(TSA agent) for suitable materials and their pre-requisite from teaching KB. Also, it finds out a classification for
that learner. Finally, it tailors a customized personal syllabus relevant to learner classification, as a
double linked list of hyperlinks to the selected materials

Interface Agent (1A agent)

Control Agent (CA agent)

Tailoring  Syllabus  Agent

IV. GENERATING A CUSTOMIZED E-COURSE
After passing personal information from certain learner to his profile KB, the system consults a list of objectives and
sub-objectives (drawing from teaching KB with each topic or course). Then he can select one objective or more. When
the system couldn’t find a suitable readymade learning syllabus for the current learner, it calls an algorithm to tailor a
new one, especially for that learner. It is trained by an instructor to be able to perform its task.

A. Supervised Training Session

Before starting to generate an e-course, the system is passed through a training sessions supervised by an instructor,
for watching reviewing, and correcting its performance and also for evaluation of its results. Figure 2 shows the
algorithm navigated by the system at training sessions supervised by the instructor. It should be noted that after passing
the supervised training sessions (dark Red path in Figure 2), the system will perform the same process of generating
customized.

The system is collecting interests and objectives of a learner and save them in his profile KB, by the 1A agent. When
the learner starts a learning session, he tries to start learning any available e-course. If the requested e-course is suitable
to his level and objective, the system consults it according to the already exist learning path syllabus.

While, if he asks for learning of non-suitable e-course, the system start preparing for a suitable learning path. Then it
consults the topics included in the double linked list of tailored learning path to the expert instructor for reviewing,
evaluation and modification, if needed.

B. Navigating Profile KB of a Learner

After passing the supervised training stage, the system can automatically tailor a new learning path and generate
customized training courses relative to the objectives of each learner. It builds a customized course according and relative
to knowledge level and skills (past), preferences (present), learning performance, and objectives (future) of the learner.

The system will try to find an exit category of learners, according to objectives and other knowledge. If it successes, it
can find readymade learning path for that category. After that it can consult the readymade e-course relative to that
learning path. If it fails to find a category, it will start new classification to tailor a new learning path, as will described
next.
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IA agent Gets Request & Objectives of a learner from his Profile KB

v

yes
CA agent checks course suitability?

yes
CA agent checks of similar learner exist?

| TSA agent starts Tailoring Learner Syllabus Algorithm |

3

| CA agent consults the new tailored learning syllabus to the instructor |

Instructor objections?

Get Explanation of each one

Accepts modifications on learning path
Register all in Teaching KB | Create new learner class in Profile KB |

1S

| CA agent starts consulting customized e-course through IA agent |4—

Figure 2: Instructor Supervising a Training Session.

Also, it uses pre assessments to evaluate learner knowledge before starting a new e-course. After navigating an e-
course, it evaluates learner by post an assessment. In both situations, it updates learner profile. For each learner and
similar (class of learner) there is a suitable learning path. Class of learner is reviewed and updating after finishing any
learning path and assessment evaluation. Figure 3 presents the algorithm of Navigating the Learner Profile.

/INavigating the learner Profile to get his objectives and skills.
1. IF the learner has a main objective
- MOVE course name (CN) of training course-of the same objective- to variable CN.
- FIND the Perquisite Course Name(CNPRE).
/IChecking learner profile,
- IF learner finished PreCN,
MOVE the syllabus of CN course to the learning Syllabus
ELSE MOVE the syllabus of PreCN course to the learning syllabus
- GO to GENERATING a CUSTOMIZED e-COURSE.
ELSE GET all sub-objectives of the learner as attributes of a learner CASE.
IF there is a CLASS for the learner CASE
MOVE syllabus of the CLASS to Learner Syllabus,
GO to GENERATING a CUSTOMIZED e-COURSE.
ELSE CALL TAILORING a Learning Syllabus.
3. GO to GENERATING a CUSTOMIZED e-COURSE.

N

Figure 3: Navigating Learner Profile KB

C. Tailoring a Special Learning path Syllabus

To generate a customized e-course especially for certain learner(s), the system perform two tasks. The first, is tailoring
a new learning path as a double linked list of hyperlinks, each to certain page, while the second is consulting these pages
any time, a learner wants.
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Figure 4, presents the structure of each node in the double linked list, created to hold the new tailored learning syllabus.
It has two pointers in two directions: one direction points toward the former topic, while the other direction points
towards the next topic. While, figure 5, shows a flow chart to presents the algorithm used for tailoring a new special

learning path for the current learner and next similar ones. The learning path is a double linked list of filtered hyperlinks
to the material of the customized e-course.

+——® o—>
Last Topic Topic (T) Topic Code (TC) Topic Hyper link (THL) Perquisite Topic Code(PreTC) Next Topic

Figure 4: Structure of a Node of Learning Syllabus double linked list.

D. Consulting a Customized e-Course

At this point the system has a learning path as a double linked list syllabus for the current learner, stored in the
syllabus KB. Any time, he login for learning the 1A agent will get each hyperlink of certain topic from his syllabus linked
list, by the CA agent, load it and present it to him. Figure 6 shows how the interface agent generates and consults a
customized learner-based e-Course. The learner can navigate pages of certain topic or even pages of the whole course at
any time. Each time, he finished certain topic; it is optional to him to pass through an assessment in that topic. If he
agrees, this assessment is prepared and evaluated by the assessment agent. If he passes the assessment or he does not like
to pass through it, he can go forward to next topic. The same process is done after navigation of all topics in the
presented customized e-course. When the learner finishes all topics of his course, the interface agent updates his profile,
as he gets new experience. This is done in the profile KB, and should be considered at generating next customized course.

v
| TSA agent reads an objective or sub-objective from Learner Profile KB |

v

| TSA agent Gets topic(s) linked to the objective from the teaching KB |
v

TSA Creates a new node in the doubled linked list of the new learning syllabus in the syllabus KB
Fill it with Topic data: T. TC. THL and PreTC

no

End of Objectives?

Move pointer to refer to first node(i) in the syllabus linked list |

es
Learner Finished PreTC(i)? Y

no

| l

| Interchanae nodes i and i I b l Insert new node for PreTC before node i

yes
Is there a node j: TC(j)=PreTC(i)

Last node?

—| Move ptr to next node

Create Category with current objectives

Figure 5: Algorithm for Tailoring a syllabus.
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/I generating a customized e-Course using the tailored Syllabus.
FOR each topic in the learner Syllabus table DO
- CONSULTE Topic pages to learner.
/IAfter Navigating the presented topic by the learner (optional for //each learner, he may go to next topic, and his profile is updated).
- CONSULT an assessment in Topic Material to learner and EVALUATE Learner Answers.
- IF learner passes the topic assessment or navigate
UPDATE learner Profile and GO to next Topic in the Syllabus
ELSE REPEATE Topic Again.
/IAfter Navigating all topics in the course (optional for each learner, //he may finish studying, and is profile is updated).
- CONSULT an assessment in Course Material to learner and EVALUTE Learner Answers.
- IF learner passes the course assessment.
UPDATE learner Profile, Finish the e-course.
CONTINUE.

Figure 6: Algorithm for Generating and presenting a Customized e-Course.

V. CONCLUSION AND FUTURE WORK

This paper proposed a multi agent based system, designed for generating a customized e-course in distant learning
including e-learning and m-learning. It presented building and tailoring of a learning path (syllabus) for each learner
according to his profile, request, objectives and interest. Then, it generated a customized special e-course for training in
d-learning platforms. It used six cooperated agents to perform its task. It is trained under supervising of an instructor
before being able for his mission.

Delivering of e-courses in this way might improve learning outcome objectives, skills, and experience which resulted
in satisfaction of learners and enhancing education. In future, this design will applied in regular high education in
university level in credit hours studies. Future work will include enhancing the architecture of the system and improving
its security such as reading IP address of the learner.

REFERENCES

[1] Al-Sakran, H.O.; Muhaya, F.B.;Serguievskaia, I, 11-15 July 2010. Multi agent-based m-learning system
architecture. International Conference on Computational Technologies in Electrical and Electronics Engineering
(SIBIRCON), Irkutsk Listvyanka, Russia, 870-875.
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5555090

[2] BENNANE A., 2010. Tutoring and Multi-Agent Systems: Modeling from Experiences. 2010, Informatics in
Education, Vol. 9, No. 2, 171-184.
http://www.mii.lt/informatics_in_education/pdf/INFE170.pdf

[3] Castellanos N., Sanchez J. A., 27-5-2003. PoPS: Mobile Access to Digital Library Resources. JCDL '03
Proceedings of the 3rd ACM/IEEE-CS joint conference on Digital libraries, vol. 01, 184-185.
http://dl.acm.org/citation.cfm?id=827169

[4] Chen, C.-M., and Hsu, S.-H., 2008. Personalized Intelligent Mobile Learning System for Supporting Effective
English Learning. Educational Technology & Society, 11 (3), 153-180
http://www.ifets.info/journals/11_3/12.pdf

[5] ElSayed Kh. Feb. 2013. A Tool for Creating Exams Automatically From an OO Knowledge Base Question Bank.
International Journal of Information and Education Technology, NUIET Vol. 3, No.1, 27-31.
http://www.ijiet.org/papers/228-T1002.pdf

[6] Gaedke M., Beigl M., Gellersen H-W and Segor C., 1998. Web Content Delivery to Heterogeneous Mobile
Platforms. Lecture Notes in Computer Science (LNCS), Springer Verlag, vol. 1552(Advances in Database
Technologies), ER Workshops, 205-217.
https://vsr.informatik.tu-chemnitz.de/svnproxy/download/publications/doc/1998/01.pdf

[7] Gil, D., Andersson, J., Milrad, M. and Sollervall, H., 27-30 March 2012. Towards a Decentralized and Self-Adaptive
System for M-Learning Applications. IEEE 7th International Conference on Wireless, Mobile and Ubiquitous
Technology in Education (WMUTE), Takamatsu, 162-166.
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6185018

[8] Hashemi H., Orooji F. and Taghiyareh F., 6-8 November 2012. A Context-Aware Mobile Learning Model for Web-
Based Learning Environment. 6™ International Symposium on Telecommunications (IST"2012), Tehran, 924-928.
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6483118

[9] Henry, L. and Sankaranarayanan, S., November 2009. Application of intelligent agents for mobile tutoring.
Proceedings of the 2nd International Conference on Interaction Sciences: Information Technology, Culture and
Human 2009, Seoul, Korea, 963-969
http://dl.acm.org/citation.cfm?id=1656100

[10] Korucu T. and Alkan A., 2011. Differences between m-learning (mobile learning) and e-learning, basic terminology
and usage of m-learning in education. ELSEVIER, Procedia Social and Behavioral Sciences 15, 1925-1930.
http://www.sciencedirect.com/science/article/pii/S1877042811005751#

© 2014-15, IRJCS- All Rights Reserved Page -6



!’ International Research Journal of Computer Science (IRJCS) ISSN: 2393-9842
\ﬁug Issue 9, Volume 2 (September 2015) WWW.irjcs.com
[11]Li, D., Shen, Z., Miao, Y., Miao, C. and Gay, R., 2005. A Goal Oriented e-Learning Agent System. KES 2005,
LNAI 3681, 664-670.
http://link.springer.com/chapter/10.1007/11552413 95#page-1

[12]Lum, W-Y & F C.M. Lau. July-September 2002. A Context-Aware Decision Engine for Content Adaptation. IEEE
Pervasive Computing, 41- 49.
http://i.cs.hku.hk/~fcmlau/papers/pervasive.pdf

[13] Miller, G Honeyman, M; 3 December 1993. Agriculture distance education: A valid alternative for higher education?
Proceedings of the 20th Annual National Agricultural Education Research Meeting, 67-73.
http://files.eric.ed.gov/fulltext/ED366794.pdf#page=80

[14] Ozdamli F., Cavus N., 2011. Basic elements and characteristics of mobile learning. ELSEVIER, Procedia - Social
and Behavioral Sciences 28, 937-942.
http://www.sciencedirect.com/science/article/pii/S1877042811026127

[15]Russell, S. J. and Norvig, P., 2010. Artificial Intelligence: A Modern Approach, 3 ed., Upper Saddle River, New
Jersey: Prentice Hall, ISBN 0-13-790395-2
http://51lica.com/wp-content/uploads/2012/05/Artificial-Intelligence-A-Modern-Approach-3rd-Edition.pdf

[16] Salamon, T., 2011. Design of Agent-Based Models. Bruckner Publishing. p. 22.

ISBN 978-80-904661-1-1.

[17] Saylor, M., 2012. The Mobile Wave: How Mobile Intelligence Will Change Everything. Perseus Books/Vanguard
Press. p. 176. ISBN 978-1593157203.

[18] Sivakumar N., Vivekanandan K., Arthi B., Sandhya S., Katta V., May 2011. Incorporating Agent Technology for
Enhancing the effectiveness of E-learning System. International Journal of Computer Science Issues (IJCSI), Vol. 8,
Issue 3, 454-460.
http://www.ijcsi.org/papers/IJCSI-8-3-1-454-461.pdf

[19] Tabor, S. W., Spring 2007. Narrowing the Distance: Implementing a Hybrid Learning Model. Quarterly Review of
Distance Education (IAP), 8 (1): 47-57.
http://robinwofford.wiki.westga.edu/file/view/24958021.pdf

[20] Taharim N., Lokman A., Isa W. and Noor N., December 2013. A Relationship Model of Playful Interaction,
Interaction Design, Kansi Engineering and Mobile Usability in Mobile Learning. IEEE Conference on Open
Systems (ICOS), Malaysia, 22-26.
http://versys.uitm.edu.my/prisma/view/viewPdf.php?pid=39285

[21] Trentin G. and Repetto M. (Eds), 2-4 December 2013. Using Network and Mobile Technology to Bridge Formal and
Informal Learning, IEEE Conference on Open Systems (ICOS), Sarawak, Malaysia, 22-26.
http://versys.uitm.edu.my/prisma/view/viewPdf.php?pid=39285

[22] Vaughan, Dr Norman D., 2010. Blended Learning. In Cleveland-Innes, MF; Garrison, DR. an Introduction to
Distance Education: Understanding Teaching and Learning in a New Era. Taylor & Francis. p. 165.

ISBN 0-415-99598-1.

[23]Wei, X. & Yan, J., 2009. An e-learning system architecture based on web services and intelligent agents.
International Conference on Hybrid Intelligent Systems, Shenyang, China: IEEE - VVolume 2, 173-177.
http://ro.uow.edu.au/cgi/viewcontent.cgi?article=10651

[24]Weyns, D., Omicini, A., Odell, J., 2007.Environment as a first-class abstraction in multi agent
systems. Autonomous Agents and Multiagent Systems 14 (1): 5-30.
http://download-v2.springer.com/static/pdf/639/

[25] Yushun L., Guo H., GAO G, Huang R., Cheng X., 2009. Ubiquitous e-learning System for Dynamic Min-
courseware assembling and delivering to Mobile Terminals. Fifth International Joint Conference on INC, IMS and
IDC, 1081-1086.
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5331529

[26] Yusoff Z. and Dahlan H., 27-28 November 2013. Mobile based Learning: An Integrated Framework to Support
Learning Engagement through Augmented Reality Environment. 3rd International Conference on Research and
Innovation in Information Systems (ICRIIS'13), 251-256.
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6716718

© 2014-15, IRICS- All Rights Reserved Page -7



