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This paper presents a methodology for the continuous improvement of e-content in an e-learning system
based on agent technology. Multi-agent systems play an important role in today's software development of
web application. For this purpose, we introduce here a novel concept involving the development of an
adaptive e-Learning web application that explores several recent technologies and including web design.
The Adaptive E-Learning system based on agent technology is useful in developing continuous
improvement strategies. The goal this work is to propose a generic model to assess and evaluate the
students learning outcomes related to e-content. Based on the analysis and evaluation of the students
learning outcomes results, the instructor identifies the low achievers of the e-content and makes a
correction plan to improve them. An exploratory implementation has been developed and used in practice.
database.
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1 Introduction

To develop a continuous improvement process of an e-learning e-content, a need for a genuine move
towards adopting and utilizing the current technology evolution in acquiring knowledge has become a
necessity. Today, the learning practice has turned out to be heavily technology and Internet dependent
shaping a new term known as electronic learning or e-Learning. E-learning must be enhanced towards
a more user-centred, interactive and collaborative model of learning using web application. This
requires interactions among different people or organizations with different goals, intentions and the
potential for the emergence of conflicts [1]. The complexity of designing such e-Learning systems has
been addressed in many studies. Marie et al. [2] have shown that only putting course contents on the e-
learning systems, without (i) the use of modern information technologies such as the web technology
to present the learning content, (ii) using appropriate pedagogical models and principles, and (iii)
taking into account the communication between participants and instructors, is not enough to
accomplish educational goals. Following this claim, new methods for ensuring the reliability and the
quality of e-content in such systems are necessary. We introduce here a new approach to address these
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issues. This approach is an adaptive e-learning system based on multi-agent technology which provides
an easy way to communicate, collaborate, and coordinate actions and resolve conflicts and raises
modelling the interactions among the agents and their behaviours as the main challenge facing
designing of adaptive multi-agent architectures [4].

Multi-agent systems provide powerful resources to develop educational systems and as a support
of lifelong learning [1]. We adopt such technologies to enhance e-learning systems in an intelligent
manner that is robust and adaptive. The multi-agent methodology using web-based technologies is a
new trend in the modeling and development of learning environments [4, 6, 7, 23]. Web-based learning
architecture facilitates interactions between learners and authors [34]. Intelligent and reactive agents in
an e-learning architecture enable researchers to obtain a personalized e-learning system that adapts to
the goals and characteristics of each learner [8]. Modeling the interactions between the agents and their
behaviours is a major challenge and is receiving more attention nowadays when designing multi-agent
architectures. Interactions must be clearly identified, validated and correctly implemented to enable a
reliable description of agent interactions [5, 9].

This paper shows how to build an adaptive e-learning web application that explores several recent
technologies, including agent technology and web design which facilitate quick and easy access to
information. The Adaptive E-Learning system based on agent technology helps us to develop and
implement continuous improvement strategies to assess and evaluate the students learning outcomes
related to every e-content, identify their low achievers and make a correction plan to improve them.

The remainder of this work is organized as follows: In Section 2, previous and related studies are
presented. In Section 3, we present an overview of the adaptive e-learning system based on multi-agent
system supporting the development of e-content continuous improvement process. In Section 4, we
describe the design and the implementation of the E-Assessment-Multi-Agent System for e-content
continuous improvement process. In Section 5, the technical and implementation issues will be
described. Finally, in Section 7, we present our conclusion, discussion and provide recommendations
for ongoing work.

2 Previous and Related Studies

The literature review for the paper was conducted for two main objectives. The first was to establish an
overview of adaptive e-learning system based on multi-agent technology, while the second aim was to
identify approaches for continuous improvement process of e-content.

For the first aim, the idea of learning systems that make use of multi-agents architectures has been
introduced in previous research work. In the Baghera learning environment [27] a2-level architecture is
implemented. The first level is composed of number of agents that provides the main functions of the
educational system. The second level is composed of reactive agents that are in charge of analyzing
students’ knowledge. Educational decisions taken on the first level are based on input from the second
level. Students interact with three artificial agents: Student's Personal Interface Agent, Tutor Agents,
and Mediator Agent. Teacher interacts with two artificial agents: Teacher's Personal Interface Agent
that provides the teacher with information about the whole learning environment, and Assistant Agent
for the creation and distribution of new activities.
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Brusilovsky [16] introduces a distributed architecture that makes use of reusable intelligent
learning activities. The architecture includes two kinds of agents: a knowledge-inferring agent and an
activity-inferring agent. The architecture assumes the presence of at least four kinds of servers: activity
servers, value-adding services, learning portals, and student model servers. Gascueiia [8] proposes 4-
component architecture for an Intelligent Tutoring System (ITS). The components are: The Student
Model, the Domain Model, the Pedagogical Model, and the Educational Model. The pedagogical
model uses four agents: The Preferences Agent to manage the user-preferred style of presentation, the
Accounting Agent to monitor the student interaction with the interface, the Exercises Agent to select
exercises that will be presented to the student, and the Tests Agent to form the test questions.

Nabeth [17] presents the InCA system with an open agent architecture that integrates a set of
interactive features on an attempt to allow personalized and adaptive course generation. It is composed
of three components: The domain model, that contains a set of structured knowledge elements to be
delivered to the user, the user model that covers elements such as level of knowledge sharing, learning
goals, domains of interests, etc., and a set of expert agents that access the domain model and propose
intervention strategies to be offered to the user. Maia [6] compares to architectural approaches for
distributed learning management systems that make use of agents to represent various learning
functions. This comparison takes into account the complexity and the notion of single-point failure. A
virtual educational environment model that uses collaboration as a form of social interaction is
discussed in [8]. The general architecture is composed of three levels (user, mediators, and provider)
and for each level there are heterogenic families of human and software agents corresponding to it.
Salvatore [18] proposes Profile-based recommender system that is an enhanced extension of the
MASHA system (Multi-Agent System Handling Adaptivity). Agents in this system include: Device
agent, Student agent, Tutor agents, and Teacher agent.

Safiye [1] presents an agent system whose components are teachers, students, and resources. The
Petri net method has been used to model and review the Inter component relations. The principle of the
architecture proposed for an adapted training service is to allow the adaptation of knowledge
transmission from a teaching function managing a virtual group of learners by a communication
system. The agents are: Student Agent, Teacher Agent, (iii) Course Agent, and Resource Agent.
Existing courses can be reused and integrated with existing web courseware or educational materials.
The processes and activities of the system are illustrated through a case study. Kannan [39] presents a
framework that consists of two main parts that is multi agent based e-Learning System and an
Ontology Model. There are six types of agents: (i) main agent that start up the ontology by invoking
the Ontology Manager; (ii) ontology agent that activates the User Interface Agent and displays the
interface to users; (iii) dispatcher agent, that pass the parameter or search criteria entered by the user to
be sent over Searcher Manager at various platforms (iv) searcher agent, which searches the external
sources such as files and, parse the retrieved result into XML, and notify the Main agent and send the
result XML to it; (v) saver agent, that saves the XML into the internal database, for record keeping and
future use and (vi) presenter agent, that presents the results.

The architecture discussed in [40] has four layers: (i) a database layer to store, share and reuse
courses and teaching materials, (i) an adaption layer which allow personalized courses generation, (iii)
a presentation layer that arrange personalized courses into learning paths, and (iv) an interface layer to
develop several learning interfaces (e.g. for use via web or mobile devices). The four layers are
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detailed in [40], but the interactions among the layers are not fully exploited. MATHEMA [41] is a
learning environment that is based on a multi-agent architecture. The architecture of MATHEMA
consists of six components: (i) a motivator that represents human external entity for motivation
purposes; (ii) a human learner; (iii) a Micro-society of Artificial Tutoring Agents (MARTA) for
problem solving purposes; (iv) a Human Experts Society (HES) that acts as a knowledge used by
MARTA; (v) an Interface Agent that is between the human learner and MARTA; and (vi) a
Communication Agent that provides the interaction between MARTA and HES. In this research work,
the communication and cooperation among tutoring agents are stressed. It is modelled using a Petri net
based object oriented approach named G-Nets.

For the second aim, a comprehensive search for continuous improvement of e-learning e-content
was conducted. Most of these articles presents assessment methods, but few of them who analyze these
results in order to improve the e-learning e-content.

Hossein [41] describes an assessment process that measures student-learning outcomes and
develop a model for a continuous improvement process of student skills and performance in courses
and programs. The approach of continuous improvement is based on outcomes of both course and
program level assessment. This allows instructor to evaluate curriculum and syllabi based on the
results of the course VGLU rubric and to help him to improve their course outcomes performance and
take adequate actions to improve the student learning outcomes in future tasks. Heinrich [42] presents
survey to identify a range of assessment approaches using e-tools for specific steps in the assignment
process. Crespo [43] develops framework for the integration of learning outcomes, assessment and
units of learning as key concepts. It is an outcome based assessment where the assessment process
must be aligned with the learning outcomes. The author proposes model which captures the influence
of learning outcomes in the learning assessment process, and determines appropriate assessment
methods and resources to be used. Raghu [44] presents an e-learning system uses an adaptive
assessment algorithm followed by an evaluation and expert module to evaluate student performance
and attitudes and enhancing the content and format to their special needs. Gloria [45] describes the use
of an assessment approach based on fuzzy logic and computational theory of perceptions of learning
process to generate an automation assessment report on the achieved skill level. This technique
implements assessment criterion using inference systems based on linguistic rules. Nangkula [46]
defines an approach to align the effectiveness of formative assessment with learning outcomes trough
out Rasch measurement model in order to develop and build student's skills cumulatively during his
undergraduate course. The Rasch measurement uses student’s data assessment, for a given task and
transformed them into logic scale which have equal interval, and analyzes it to measure variables such
as abilities, attitudes, and personality traits. Kamsuriah [47] develops methodology based on the same
Rasch model. It consists of three phases: planning, classification and results analysis. In the planning
phase, the course learning outcome was identified and evaluated. The classification phase focuses on
the pre-processing of the students’ assessment results on each course learning outcome. Then data
were transformed on grade rating of mark cluster and treated. The results from this study used to
monitor the performance for each learning outcome and to improve its related course.
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3 Web Application Architecture for Adaptive E-learning System

Web applications of multi-agent systems require a formal exchange of messages between agents and
their synchronous parallel functionality. In the following sections, we propose architecture for e-
learning system with adaptability and intelligence features and we define a structure for a blackboard
agent to ensure communication between the agents [5]. The blackboards provide an easy way for
agents to communicate, collaborate, coordinate their actions and resolve conflicts. There are three
different design approaches for blackboards [11, 24], but in the present context of e-learning systems,
several arguments motivate the use of the distributed blackboard approach. Therefore, the blackboard
is used not only to ensure communication among agents but also to help the agents accomplish their
tasks, share knowledge, request services, present information about their plans or decisions, and satisfy
their goals. Based on the above considerations, the proposed architecture is shown in figure 1.
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Figure 1 Architecture of Adaptive E-learning System.
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This architecture uses distributed intelligent blackboards [4, 5], which facilitate the
implementation of a shared address space on a distributed system. Our idea is to distribute the shared
data (profile, e-content, ...) over the distributed blackboard and use a message passing sub-system,
totally transparent to the different multi-agent sub-systems.

The proposed multi-level architecture (Figure 1) is made up by three main levels:

- Human Agents (Learner, Authors (instructor, tutor)) ;
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- Interface Multi-Agents System (MAS) contains agents that acts with the human agent of the
system;

- Interaction-MAS:

* Interaction Blackboard Agent contains the agents that supervise interaction between
different agents and how they manipulate the data;

*  Learning-MAS contains agents that responsible of learning process;
*  Authoring-MAS contains agents that responsible of the learning content;

*  E-Assessment-MAS: It is a MAS that manage the assessment process to measure and
evaluate the students’ learning outcomes (SLO) related to every e-content in order to
determine how well the e-content objectives and SLO are being attained. It is a
continuous quality improvement of the e-content.

All of the layers are organized hierarchically and are able to run concurrently and communicate
through the distributed intelligent blackboard agent. We analyze the agents’ behaviors using Object
Petri Net [3, 33]. The proposed Object Petri net models make evident certain problems that can appear
when agents have to simultaneously treat more goals [4, 7]. Object Petri Net enables the verification
and validation of the specification and facilitates the transition to the implementation.

3.1 Global view of the Adaptive E-learning System behaviour
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Figure 2 OPN model representing the global view of the e-learning system behavior.

Figure 2 provides a global view of the e-learning system behavior described by Object Petri Nets. It is
composed of three sub-Object Petri Nets: Human Agent, Interface Multi-Agent System and Interaction
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Multi-Agent System. Communications between these multi-agent systems are represented through
black places as illustrated in the figure.

3.2 The Interface Multi-Agent System behaviour

The Interface MAS contains agents that provide functionality needed by the human agents to interact
with the system. Figure 3 gives an idea about the behavior of the Interface MAS. The Interface MAS
is composed of three types of agents: the Interface Blackboard Agent, the Learner Interface Agent, and
the Author Interface Agent:

- The Interface Blackboard Agent starts with the agent receiving a request from the Human
Agent (the request from the Human Agent is represented by the black place P2) and returns
the result of the request to it (the response to the Human Agent is represented by the black
place Pz). This agent is responsible for controlling the Human Agent requests and distributing
them among the intended interface agents (the Learner Interface Agent or the Author Interface
Agent) by notifying these agents about the arrival of new requests. The response originates
from the interaction will be forwarded to the Human agent.

z
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5 21
H H

Figure 3 OPN of the Interface Blackboard Agent

- The Learner Interface Agent monitors the Learner's actions and gives access to system
resources through the Interaction Multi-Agent System.

- The Author Interface Agent makes available to the author information about the whole
learning process and mediates communication with the Interaction Multi-Agent System.

3.3 The Interface Multi-Agent System behaviour

The Interaction Blackboard Agent controls and mediates communication between the Interface-BA
and Interaction-MAS. The main tasks of this agent are receiving requests, identifying and notifying the
intended agents about requests, and notifying them about received results.
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The Interaction-BA obtains the requests from the agents in the Interface-MAS and submits them to
the suitable agents: Learning-MAS, Authoring-MAS, E-Assessment-MAS. Additionally, the
Interaction Blackboard Agent receives the requests’ responses from the Learning-MAS/Authoring-
MAS/ E-Assessment-MAS and submits them to the various agents in the Interface-MAS. Figure 4
details the Object Petri Net, which represents the communication and the transfer of data between the
Interface Blackboard Agent and the Interaction-MAS trough the black places.

The details of the Interaction Blackboard Agent, Learning-MAS, and Authoring-MAS are
developed in [5]. In the following section we present the design and the implementation of the E-
Assessment-MAS.
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Figure 4 OPN of the Blackboard Agent.
4 E-Assessment-MAS for Continuous Improvement Process of e-content

The aim of this section is to show how the Adaptive E-Learning system based on Agent technology
and OPN helps us to implement an E-Assessment Multi-Agent System to measure and evaluate the
students’ learning outcomes (SLO) related to every e-content in order to determine how well the e-
content objectives and SLO are being attained: it is a continuous quality improvement e-content. Based
on the analysis and evaluation of the SLO results, the instructor identify the low achievers of the e-
content and make a correction plan to improve them.

4.1 Description of the SLO assessment process

The assessment of SLO is performed every semester based on different type of exams (assignments,
midterms, final exam, project) taking different formats. They are posted through the AEL-AOPN at a
given time and their responses must be posted before a predefined due date.

Data of the SLO assessment are collected in automated templates to facilitate the assessment
process and makes it uniform for all e-contents. These data provide an opportunity for instructor to
effectively validate and align the e-content by identifying and building the course strengths, and
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developing recommendations and strategies that can enhance SLO of low achievers the course
activities. Figure 5 presents the SLO assessment process based on the following agents: Learning
Assessment Agent, Collector Agent and Analyzer Agent which are described subsequently:

In every e-content, the Learning Assessment Agent specifies which Assessment Resources
(e.g. tests, test items, peer assessment forms) and Assessment Methods (e.g., multiple-choice
test, peer assessment, learning contract, and oral examination) are to be used during the
learning provision process to assess the achievement of intended student learning outcomes.
The learning assessment process is expected to help the instructor to assess the achievements
of the relevant SLO in his/her course. The assessment is preferably done close to the end of
the semester.
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Figure 5 Student's Learning Outcomes Assessment Process.

The Collector Agent, collects, checks, transforms, and validates data/grade to make sure it is
consistent and usable. All these data transformed into Evidence Records to elaborate a report
related to the SLO achievement in every e-content. A set of metrics are calculated (depending
on the data) such as average score achieved in a specific SLO, as a percentage of students
achieving the satisfactory-exemplary levels in a specific outcome, etc.

The Analyzer Agent analyses and evaluates the assessments results. The attainment of
objectives and outcomes is measured by comparing the real achievements with the targets for
each objective and outcome. If achievements are higher or equal to targets, the objective or
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outcome is considered attained. If the assessment reveals any weaknesses in a specific SLO,
the Analyzer Agent elaborates a report to the instructor to identify the cause of that weakness.
If achievements are lower than the targets, the objective or outcome is considered to be not
attained. The instructor will identify the reasons behind the non-attainment of that objective
or outcome and introduces adequate action plans that can improve learning outcomes of low
achievers through the e-content tasks. Based on the analysis of the reasons behind the non-
attainment of an objective or an outcome, an Improvement Plan is implemented in order to
overcome the identified issues. The proposed corrective actions are implemented the
following semester and their impact on the outcome achievement shall be assessed. Then, a
new assessment cycle starts.

4.2 Methodology for the e-content continuous improvement

The methodology for the continuous improvement e-content is developed to assess student learning
outcomes through the e-content and program based on the ABET/CAC program requirement [48]. For
Computer Science program, the program enables students to achieve, by the time of graduation, a to K
outcomes [48].

Each e-content target one or more student learning outcome. The e-content descriptions describe
how it supports a subset of the student learning outcomes. When several student learning outcomes are
targeted in one e-content, they can be targeted at different percentages. In every e-content description,
a mapping table between the e-content learning outcomes and the student learning outcomes is
included. This mapping table contains also the percentage of coverage of every student learning
outcome in the e-content.

Therefore, for each e-content, we found in the courseware repository:
- learning objects and teaching methods,
- e-content learning outcomes definition,

- The ABET-related standards student learning outcomes (from a to K) [48] that are measured
in the e-content,

- mapping of the e-content learning outcomes to student learning outcomes,
- assessment resources,
- assessment methods.

For example, upon the successful completion of thee-content of Software Engineering course
(CSC342), a student should be able to achieve the following learning outcomes:

1. Apply key elements and common methods for elicitation and analysis to produce a set of
software requirements;

2. Create and specify the software design using a software requirement specification, an
accepted design methodology (e.g., structured or object-oriented), and appropriate design
notation;

3. Use tools necessary for analyses and design activities;

4. Use a software testing strategy;
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5. Work in team;
6. Make ethical professional decisions and practice ethical professional behavior.
The student learning outcomes (a trough k) of the e-content of CSC342 are:

b. an ability to analyze a problem, and identify and define the computing requirements
appropriate to its solution .

c. an ability to design, implement and evaluate a computer-based system, process,
component or program to meet desired needs.

d. an ability to function effectively on teams to accomplish a common goal Students work
on projects for both analysis and design.

e. an understanding of professional, ethical, legal and social issues and responsibilities.

i. an ability to use the current techniques, skills, and tools necessary for computing
practice.

k. an ability to apply design and development principles in the construction of software
systems of varying complexity.

This mapping table 1 contains also the percentage of coverage of every student learning outcome
in the e-content.

Table 1 Mapping of Course learning outcomes to student learning outcomes in CSC342.

. Student outcomes
Course Learning
Outcomes b ¢ d © i k
30% 10% 10% 10% 10% 30%

1 \
2 \
3 V
4 v
5 \
6 \

The mapping between the course learning outcomes and the student learning outcomes with the
percentage of coverage of every student learning outcome in the e-content helps the instructor to
identify the assessment resources and assessment methods that should be used to assess a specific
student learning outcome. The achievement of different student learning outcomes was measured by
final exam, midterms, and project. For example, the evaluation, of the student learning outcomes of
CSC342 Spring 2013, is made according the following table 2.

The evaluation of student learning outcome is considered to be attained; if the student's score (SS)
demonstrates a very good or good understanding and performance through important concepts of the
course materials. We consider the SLO attained if the SS is 70% or above in the corresponding SLO.
There are four levels of satisfaction.

- E: Excellent- Demonstrates a very good understanding and performance through important

concepts of the course materials. SS > 90.00; SS can be used for a grade of B+ and A.
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- G: Good: Demonstrates a good understanding and performance through important concepts of
the course materials: 70.0 % < SS< 90.0 %; SS can be used for a grade of C+ and B.

- W: Week - Demonstrates that the student has mastered this SLO is provided, but it is weak or
incomplete: 60.0 % < SS < 70.0 %; X can be used for a grade of D+ and C.

- P: Poor - Demonstrates unsatisfactory: SS< 60.0 %; SS can be used for a grade of F and D.

Table 2 Mapping of Course learning outcomes to student learning outcomes in CSC342.

b c d | e i k
Ex 1 N N
Ex 2 N
Final Exam Ex 3 \
Ex 4 N
Ex 5 \
Ex 1 \
Midterm 2 Ex 2 V
Ex 3 3
Ex 1
Midterm 1 Ex 3 \
Ex 4 N
P1-Analysis \
Project P2- Design V
P3-Team work N

For every course, the system provides course assessment reports where they report the assessment
results. This report comprises two tables and a course assessment chart and includes all data relevant to
the course. Table 3, includes grades related to each student learning outcome and the levels of
satisfaction per student per specified student learning outcome in the CSC342 Spring 2013. At course
level, the achievements in each of the specified student learning outcomes in the course is compiled
and calculated as the percentage of student achieving a satisfactory level in the concerned outcome:

{number of E + number of G)

Cutcome Achisvement =
{number of E + number of G + number of F = number of P

Table 4 summarizes the result shown in table 3 and provides of the details of course’s outcome
achievement and provides an opportunity for instructor to effectively review, collect the necessary data
and develop an adequate corrective action plan to improve student learning outcome achievement in
the following semester.
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Table 3 Students’ performances in achieving a CSC342 course’s outcomes - Spring 2013.

KSU- CCIS- Spring 2013 - Course Title: CSC 342 Software

Engineering SO (b) S0 (c) SO (d) S0 (e) SO (i)
25% 25% 25% | 25% 100% 100% 55% | 45% 55% | 45% 25%
M1 M2 P F % | Satisfaction F % | Satisf Team Work| % |S T Ml Q1 % | Si T M2 | Q3 % | Satisfaction M2 P F F | % | Satisfe
ID Name Status 35 ] 15 | 8 |10 100 4 35| 2 5 |a 5] 8 | 10 |10
1 1 1[1 1 1 e 11 70 I O R S
430104651 3.75 1.0 80 [60]82 G 10.0 | 100 = 4.0 100 i 225 [ 20 (I8 G 40 4089 G 8.5 7.0 80 [10.0]92 =
430105018 125 1.0 80 [60]65 F 70 |70 G 40 100 E 050 [ 00 | F P 40 |30 78 G 6.0 7.0 80 |[80]|80 G
430106435 1.50 1.0 70 (90|71 G 20 |20 P 4.0 100 i 225 [ 20 (I8 G 40 [10] 55 B 4.0 8.0 50 [60][64 F
430106627 0.00 0.0 00 [00] 0 P 00 | 0 P 0.0 0 P 000 [ 00 |0 P 00 [00]| O P 0.0 0.0 00 [00[0 ¥
430106682 0.00 0.0 00 [00] 0 P 00 | 0 P 0.0 0 P 000 [ 00 |0 P 00 [00]| O B 0.0 0.0 00 [00[D P
430107030 375 1.0 70 [40]74 G 50 |50 P 4.0 100 E 3.50 [ 20 |96 E 45 [40[ 9 E 6.0 8.0 60 [10.0/83 G
431100232 3.75 1.0 70 (70|81 G 90 |90 E 20 50 P 0.00 [ 20 [45 P 40 [3.0([78 G 60 | 70 8.0 [10.0(85 G
431100655 275 0.5 70 [ 6064 F 80 |80 G 3.0 75 G 2.00 [ 2.0 14 G 5.0 | 4.0]100 E! 5.0 7.0 6.0 [ 6.0 (6T G
431100713 3.75 1.0 80 [70]|84 G 80 |80 G 4.0 100 E 200 [ 20 |14 G 5.0 [ 4.0 (100 E 8.5 1.0 9.0 | 8.0 85 G
431100775 1.50 1.0 70 [3.0]69 F 90 |90 E 3.0 75 G 000 [ 10 23 P 40 [30([78 G 5.5 7.0 50 [5.0(63 F
431100800 3.75 1.0 70 (70|81 G 80 |80 G 4.0 100 E 3.75 [ 2.0 [100 E 35 [40]| 84 G 6.0 8.0 70 [5.0(83 G
431101087 3.75 ] 80 [90]98 E 10.0 | 100 E 4.0 100 E 3.75 [ 2.0 |100 E 5.0 | 4.0]100 E 8.0 8.0 9.0 [8.0|91 E
431101112 275 1.5 80 [90|91 E: 50 |50 P 4.0 100 E 075 [ 20 |56 P 50 | 40]100 E! 5.0 7.0 80 [90 (79 G
431101514 375 1.0 80 [90]89 G 10.0 | 100 E 4.0 100 E 375 [ 20 [100 E 50 [40[100 E 8.5 8.0 90 [80/93 E
431101537 2.00 1.0 70 [70]69 F 90 |90 = 3.0 75 G 075 [ 30 |19 G 50 [10] 66 F 7.0 7.0 60 | 40|67 F
431101553 3.75 1.0 80 [30]87 G 10.0 | 100 E 4.0 100 E 3.50 [ 20 |96 E 50 [40[100 E 8.5 8.0 70 [10.0/93 E
431101634 3.75 1.0 90 [70]87 G 80 |80 G 20 50 P 200 [ 20 4 G 50 |40 (100 E 5.0 8.0 90 [10.0|87 G
431101755 375 1.0 80 [350]79 G 10.0 | 100 E 3.0 75 G 225 [ 00 (33 P 50 [10] 66 F 6.5 7.0 90 |[80|83 G
431102056 3.75 1.0 70 [80]|84 G 90 |90 = 4.0 100 i 350 [ 20 |96 E 50 [40[100 E 8.0 8.0 80 [10.0/94 =
431102339 3.75 1.0 70 [60|79 G 10.0 | 100 E 4.0 100 E 3.00 [ 20 |89 G 40 [40/89 G 8.0 8.0 80 [7.0([86 G
431102444 75 1.0 80 [20]65 E 20 |20 P 3.0 75 G 225 [ 20 (I8 G 5.0 | 4.0|100 E 4.5 7.0 7.0 [ 5.0 (65 E
431102509 375 1.5 80 [70]93 E 80 |80 G 4.0 100 E 375 [ 1.0 |18 G 3.0 [2.0]56 P 8.0 7.0 6.0 |90 (8 G
431103612 2.00 1.0 80 [70|73 G 80 |80 G 4.0 100 E 225 [ 20 (I8 G 4.0 [s.0[100 E 7.0 7.0 80 |[9.0]85 G
431103943 3.75 1.0 80 [70]|84 G 10.0 | 100 E 4.0 100 E 225 [ 2.0 {8 G 45 [4.0[9 E 75 7.0 9.0 | 8.0 (86 G
431104585 3.75 1.0 80 [30|74 G 10.0 | 100 E: 4.0 100 E 3.75 [ 2.0 [100 E 45 [40] 95 E 7.0 1.0 7.0 [ 9.0 (82 G
431106226 375 1.0 80 [70|84 G 10.0 | 100 E 40 100 E 300 (20 |89 G 50 | 40]100 E 8.0 8.0 60 |90 (86 G
431100789 3.75 1.0 80 [80]|87 G 10.0 | 100 = 4.0 100 i 375 [ 20 [100 E 50 [ 40 (100 E 8.0 8.0 80 [10.0/94 =
431101660 2.50 0.8 80 [30]|74 G 10.0 | 100 E 3.0 75 G 225 [ 20 [ G 25 [20]50 P 35 7.0 70 | 80|70 E
431102896 3.75 1.0 70 [80]84 G 90 |90 E 4.0 100 E 375 [ 20 [100 E 45 [40| 9% E 7.0 8.0 80 |[60[81 G
Table 4 Course satisfactions related to each student learning outcome shown in Table 3.
Satisfaction (b) Satisfaction (c) Satisfaction (d) Satisfaction (e) Satisfaction (i) Satisfaction (k)
E 3 E 16 E 19 E 5 E 16 E 6
SLOs' Statistics G 19 G 7 G 6 G 12 G 6 G 15
F 5 F 0 F 0 F 0 F 2 F 6
P 2 P 6 P 4 P 12 P 5 P 2
Outcome Achievement
E+0G) 75.9% 79.3% 86.2% 58.6% 75.9% 72.43%
Course's Outcome
f G G G G G
Achievement
Action Plan None None None None None
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The Analyzer Agent generates a Course Assessment Chart (figure 6) based on the course
assessment template to show the continuous improvement of the student learning outcome
achievement related to one course during different semesters.

100
90
80 -

70 A .
=
50 Spring 2013

50 = _ -l Average

40 —e—Spring 2012

30

20 —Fall 2012
10
0

b c d e i k

Figure 6 Course Assessment Chart.

5 Technical and Implementation Issues

An Environment for the E-Learning System has been developed at the Research Center of the College
of Computer and Information Sciences of the King Saud University in conformity with our
architecture. For the multi-agent system (MAS) implementation, we used JADE Intelligent Agents
[28], [29], [30], which provide and offers the primitives for constructing and programming multi-agent
systems. We chose JADE because it provides the primitives to program the MAS in Java [31]. To
guarantee interoperability and ensure communication among agents, JADE is compliant with the
specifications of the Foundation for Intelligent Physical Agents (FIPA) [32]. In such a direction, FIPA
has developed specifications for interaction protocols, communicative acts, and content messages for
agent communication [32].

To implement the Object Petri Nets, which describe the agent interaction and the communication
among the agents, we used the Agent Communication Language (ACL) [10]. In addition, JADE has
support for creating new ontology to produce domain-specific applications; this ontology allows agents
to communicate easily and effectively.

Our adaptive e-learning management system has been developed using Web 3.0 technologies [49].
It represents a potential technology to improve communication, collaboration and sharing of resources
in an e-learning system. Using Web 3.0, we include various services and tools to:

- enhance, facilitate and encourage students to access web based material anytime from
anywhere, and to be lifelong learners,

- enable teachers to plan suitable online delivery structure, share goals of learning, easily
manage the e-contents, upload student assignments, and improve e-content based on e-
assessment.

We will attempt to provide a visualization of our system by providing screenshots of the different
pages that appear to the users of the system to illustrate the main functionalities and features of the
system. Figure 7 shows the interface of the system. As noted above, the user of the system may be a
learner or an author. We will present one scenario for each of these users. Figure 8 shows the page that
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is displayed to the author after he has logged in to the system. The author has two main
responsibilities, which are to generate either adaptive course structures or adaptive course units.
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Figure7 Home Page of the system
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Figure8 Main functions provided for Author.

Figure 9 shows the page that is displayed to the author if he/she elects to generate an adaptive
course structure. The author should specify the course name and a brief description of the intended
structure as well as the learning style and the target learner. Then, the responsible agent will retrieve
the complete structure of the specified course to generate from it a course structure that is adaptive to
the target learner. In Figure 10, we present the generated course structure from the previous step. As
observed in the Figure 10, the author is able to alter the generated structure by adding, deleting or
changing the arrangements of the nodes.
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Figure9 Generated Course Structure Screen

Figurel10 The Generated Adapted Course Structure

In contrast, Figure 11 shows the page that is displayed to the learner when he/she has logged in to
the system. The learner can request to generate an adaptive course presentation or to generate an

adaptive practice (Figure 12).
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Figurell Main functions provided for the Learner

Figurel2 Generated Adaptive Course Presentation
Then, the responsible agent will generate the adaptive course presentation based on many factors,
such as the learning process of the learner and the adaptive course structure, as well as the course units

that have been generated before (Figure 13). If the learner elects to generate an adaptive practice for
himse

If/herself, he/she should first specify the course to which this should be applied (Figure 14).
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Figure 13 End of the Course Generation

Figure 14 Generated Adaptive Practice Page
Then, the system will present questions that the learner should answer (Figure 15). When the

learner has answered all the questions in the practice set, the responsible agent will evaluate the
answers and display the result (Figure 16).
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Figure 15 One Question of the Generated Practice Set Figure 16 Evaluation of the Learner’s Answers
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6 Discussion and Conclusion

This paper presents a cyclical methodology for the continuous improvement of e-learning e-content
based on ABET-related standards for student learning outcomes. We have presented an overview of an
adaptive e-learning web application based on agent technology and object Petri nets. The proposed
application has been demonstrated to better provide students with educational material that is best
suited to their individual learning profiles. In addition we have shown that this application enables
developing and implementation of continuous improvement strategies aiming at measuring student
learning outcomes related to e-content.

In a previous work [5], we have proposed an adaptive e-learning system based on agents and
Object Petri Nets and compared it with the state of the arts. Here, we have proposed an upgrade to this
approach by adding new capabilities not previously reported in similar works such as the ABET based
e-content continuous improvement standards.

In future work, we plan to develop an Academic Advisor Agent whose goal is to monitor and to
track the level of achievement of individual student in all student learning outcomes during his/her
study period.
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