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Abstract

The Internet is abounding with information, but
there is simply no easy way to find all the information
we need in a single place, well organized and easily
accessible, let alone share. For this reason, we present
a novel framework for resolving these issues. The
proposed framework incorporates and unifies
techniques from a variety of disciplines such as
information extraction, information retrieval, fuzzy
clustering, and ontology. To evaluate the
performance of the proposed framework, we use it to
solve the itembank integration and knowledge
sharing problem faced by many e-Learning systems.
Our experimental results show that the proposed
framework can not only effectively integrate
information available in the Internet, but it can also
properly organize the information into a unified
itembank of an e-Learning system, thus making it
possible for the users of such a system to not just find
but share all the information.

Keywords: Information Retrieval, Ontology, Itembank.
1. Introduction

Over the past decades, the increase in the computing
power of computers and the advance in the internet
technology have been phenomenal. As such, a
tremendous amount of traditional printed material has
been transformed into digital material. One recent study
[1] found that over 90% of the information in use today
was generated in digital form. This fundamentally
changes the way information is disseminated as well as
the way knowledge is acquired.

Researchers [2], [3] even argue that the spatial and
temporal limitations of information will be broken when
the era of the Internet comes. As a consequence, we, the
human kind, will have abundant of information available
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for use any time and any where. The reality, however, is
that the Internet is abounding with information, but even
with the help of search engines, there is simply no easy
way to find all the information we need in a single place,
well organized and easily accessible, let alone share. For
this reason, how the information we need is found and
integrated and how the information we found and
integrated is shared and reused have become probably
two of the most important issues to be resolved,
especially in the era of the Internet. In other words, we
need an efficient method to find, integrate, share, and
reuse all the information available in the Internet.

The purpose of this paper is thus to present such a
method to resolve these issues. However, instead of a
single method, we go one step further and present an
ontology-based framework. To make the proposed
framework more concrete, we will use the itembank
integration and knowledge sharing problem faced by
many e-Learning systems as an example for a very
simple reason: Itembanks are the soul of an e-Learning
system, but it is generally very difficult to integrate all
the itembanks, even on the same e-Learning system,
because the content structures of different itembanks
are usually different. Unfortunately, this is more often
than not a norm because itembanks are by and large
created from a variety of sources. This is easily justified
by the following two observations.*

1. Resource integration: In general, it is very difficult to
find and integrate all the resources available in the
Internet because the Internet is made up of all kinds
of resources and the structures the resources use may
be quite different. For example, the content structure
of the web site « may be quite different from that of
the web site ». If we consider each web site as a
database, this is similar in principle to why something
like Open Database Connectivity (ODBC) is needed
to access data from different databases. However,
integrating resources available in the Internet is
apparently much more difficult than integrating
databases using ODBC because the content structures
of resources available in the Internet are even more
versatile.

Throughout the rest of the paper, since there is no confusion, we will
use the terms information, content, resource, and item interchangeably
to mean the same thing.
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2. Content sharing: A problem that is relevant to
resource integration is how the resources are shared
and reused once they are found and integrated.
Recently, more and more of the systems or
applications in the Internet begin to provide options
to output their contents in the XML format because
XML provides a common way for exchanging or
sharing the contents. However, most of them are
incapable of classifying the contents (or items in the
context of an e-Learning system) they have into
similar groups (e.g., chapters or sections, again in
the context of an e-Learning system). Thus, we are
again faced with the same problem; that is, the
content structures are different, thus making it
extremely difficult to share the contents. As such,
many researches [4] have recently started using
ontology to define, describe, and preserve the content.
The observations above show that the content

integration and sharing have become a problem faced by
the users of the Internet. On one hand, if we are able to
solve the content integration problem, all the e-Learning
systems can benefit from such an integration because
such an integration can provide the users of an
e-Learning system more contents than ever before. On
the other hand, if the content we have can be easily
shared, then the users of the Internet will benefit from
such a sharing. Thus, if we can solve these two problems,
we can eventually construct a much more flexible
e-Learning environment on which resources can be
easily found, integrated, shared, and reused.

Now, the question is, how do we define, extract,
integrate, and share the contents? The proposed
framework—which we refer to as an ontology-based
framework for itembank integration and knowledge
sharing (or HIKS for short) —is thus aimed at
extracting and integrating as many kinds of resources as
there are parsers into a unified itembank of whatever
e-Learning systems in question. However, as far as this
paper is concerned, instead of an abstract e-Learning
system, we will use HGLS [5], an e-Learning system we
develop, as a testbed of the proposed framework, which
incorporates and unifies techniques from a variety of
disciplines such as information extraction, information
retrieval, and ontology to accomplish these tasks. The
information extraction technology is used to extract
resources from the Internet; the information retrieval
technology is used to integrate these resources; and the
ontology technology is used to define and share the
resources.

The remainder of the paper is organized as follows.
Section 2 gives a brief introduction to the development,
the learning theory, and the technologies of e-Learning
systems. The problem we consider in this paper is
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defined in Section 3.1. Section 3 gives a detailed
description of the proposed framework, especially how it
is designed and implemented. Simulation and
experimental results are resented in Section 4.
Conclusion and future work are given in Section 5.

2. Related Work

In this section, we begin with a list of notations,
followed by an introduction to the development of
e-Learning and the learning theory for enhancing the
performance of e-Learning. Then, we present several
technologies that can be used to help the instructor or
manager of an e-Learning system analyze the various
factors that can influence the performance of learning.

A. Notations

To simplify our discussion that follows, throughout
the rest of this paper except where no confusion is
possible, the following notations will be used.

The set of input itembanks. That is, 7= {7,
L,..., 1,,}, where m is the number of itembanks.

1 The i-th input itembank (also known as item set or
data set).

N

r The reference itembank, i.e., the initial unified
itembank into which all the other itembanks will be
integrated.

T The unified itembank, i.e., the itembank of
itembanks.

U The membership partition matrix U.. , = [ué.,]

where u,; € [0, 1] represents the membership of the

Jj-th pattern in the i-th cluster. Moreover, for all

E Zf:lug/ =1.
M The set of means. Thatis, M = {m,;, m,, ..., m.¥-
c The number of groups (chapters or sections).

The number of patterns.
dy The distance between the j-th item and i-th cluster.
a A parameter of fuzzy c-means whose value is

generally greater than 1. Usually, 2 is used.

B. The e-Learning
Many researches on the initial stage in the
development of e-Learning have focused on changing
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the learning behavior of human beings from traditional
paper and classroom to e-Learning. Many have focused
on designing a more efficient method for managing the
learning objects such as Learning Management System
(LMS). For instance, Ismail [6] pointed out that the
focus of the first-generation e-Learning systems is on the
management and measurement of the training processes.
Recently, the courseware rescue and adaptive education
system have become the emerging researches on
e-Learning [7]. Of course, in the ideal case, the learning
objects or course contents should be able to be moved
and reused among these e-Learning systems. However,
the fact is that these learning objects and course contents
can not be moved and reused as easily as we would
expect.

The education theories that can be applied to an
e-Learning system fall into the following three
categories:
® FExam System: The traditional theories on the test or

exam such as IRT [8] are one kind of the researches

on the e-Learning exam system. How the itembanks
are managed or integrated is, however, another

research issue on e-Learning systems [9].
® [earning Content: How to design [10] reusable

learning contents (reusability) and how to share the

learning contents (interoperability) are probably two
of the most important issues in the research on the
learning contents.

® [carning Behavior. Several studies [11] pointed out
that the online learning environment could even be
better than the classroom. This is because the
e-Learning environment provides us a much easier
way to record all the learning path and behavior of
students. As a result, it becomes much easier to
analyze and review the learning results.

C. Fuzzy Theory for e-Learning

Web mining [12] is another technology that affects the
performance of learning. For example, since many of the
learning contents are extracted from the Internet, to use
the traditional data mining technologies to analyze these
web documents, we need to change the way the
similarity of the web documents is measured. Among the
researches on data clustering and e-Learning, the fuzzy
theory is obviously one of the most important. It can be
divided into two groups [13]. The first group includes
the fuzzy c-means (FCM) and its variants. This group
has been well developed and applied to many problems
[14], [15] such as e-Learning, information retrieval, and
image classification because FCM [16] allows the input
patterns not to separate into “hard” (crisp) clusters that
minimize the cost function

JU,M) =35 (u,)"d,,

i=1j=1

M)
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where all the notations U, M, ¢, n, u; , and d; are as
defined in Section 2.1. In [17], the authors pointed out
that FCM is one of the most popular fuzzy clustering
algorithms realized by Bezdek [16]. The second group
includes the fuzzy methods for computing similarity.
Unlike the traditional information retrieval, which uses
Vector Space Model [18] or Probability Model [19] to
compute the similarity between documents, the fuzzy
information retrieval uses the fuzzy set theory to
construct a correlation matrix between terms for the
information retrieval system [20]. Due to these
advantages of fuzzy-based methods, many researches
have tried to apply them to the real world problems (e.g.,
information retrieval or e-Learning) to enhance the
quality of the end result.

D. Ontology for e-Learning

Recently, more and more researches on e-Learning
have focused on ontology because the web mining and
information retrieval technologies only provide a tool for
analyzing and reviewing the learning contents. They,
however, take into account neither the content sharing
nor the content relationships when the contents are
created. Unfortunately, the definition of ontology [21],
[22], [23] is not unigue and even confusing. In other
words, different researchers give ontology different
definition, especially researchers from different areas. In
general, the so-called ontology contains individual,
concept, and attributes to define and describe the
knowledge content. Recently, several ontology
languages [24], [25], [26] have been presented, such as
Resource Description Framework (RDF), XML-based
Ontology Exchange Language (XOL), Ontology Markup
Language (OML), and Web Ontology Language (OWL).
Moreover, a number of organizations have attempted to
provide software to help the researchers and users build
the ontology environment, such as Protégé [27]. The real
world approaches based on ontology have been steadily
and continuously increased. In [28], Lehti and
Fankhauser focus on the integration of XML data
sources using OWL.

3. The Problem Definition and Proposed
Framework

A. The Problem Definition

In the research of e-Learning, the heterogeneous
itembank integration problem is a problem the solution
of which must provide an efficient way to combine
itembanks either in the same e-Learning system or from
different e-Learning systems. In [9], we present an
efficient method for integrating a set of heterogeneous
itembanks. Although that method is capable of
integrating a set of heterogeneous itembanks with a high
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accuracy rate, the resources are limited to the so-called
items. In this paper, our focus is on expanding the
contents of the itembanks. In other words, the method
described herein is aimed at integrating not only the
itembanks containing solely of items, be it in the same
e-Learning system or from different e-Learning systems,
but also the resources available in the Internet such as
Wiki or blogs. That is, our focus is on providing a more
suitable method to make it capable of integrating not just
itembanks but also resources available in the Internet
into a unified itembank of an e-Learning system.
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other systems by simply importing and exporting the
content to be exchanged. In this section, we will discuss
how the system is designed and implemented (see Fig. 1).
As Fig. 1 shows, the proposed framework is composed
of four modules: information extraction, information

Content of Web A Content of Web B Ttem of Publisher C Ttem of Publisher D

Resource
Layer

Parser A ‘ | Parser B | | Parser C ‘ | Parser D

Information Extraction

Content Representation

Ontology
Layer
Content / Item Integration Context Reasoning Engine
Application ' Information

Layer :
Itembank of HGLS exchange

e-Learning System ¥’

HGLS

Fig. 1. The proposed framework.

In brief, the problem we consider in this paper is
formulated as follows: Given a set of resources such as a

set of brief introductions or descriptions X = {x;,x2,..., x.}

that are extracted from possibly different e-Learning
systems or the Internet, find an efficient method to put
each of the resources x; into the most “appropriate”
position of the unified itembank; that is, find an item ¢ in
the unified itembank to which the resource xi is most
similar.

B. The Proposed Framework

In this paper, we present an ontology-based
framework for itembank integration and knowledge
sharing, called 1IKS. IIKS can not only integrate
itembanks from different e-Learning systems or
publishers, but it can also integrate the learning contents
available in the Internet. 1IKS will create the OWL
representation for each content integrated into the
unified itembank. The OWL representation of such a
content makes it possible to exchange the content with

integration, context representation, and context
reasoning engine.
Web Site A
II Item Set
() = g
Web Site B ; é E’i
I Ny S Course g =
g 2 = Content - g
=t = E
System C E z— g
S} ] =
= Item =
Supplement [~
(a)
Resource » Content » XML Content
Extraction Transform
(b)

Fig. 2. (a) The Information Extraction Module. (b) The
process of transforming the extracted information to the XML
format.
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Fig. 3. An simple example illustrating how the proposed
algorithm assigns each item to a cluster.

The information extraction module is responsible for
extracting and parsing the learning contents from
different systems such as blogs, Wikipedia, or itembanks.
The information integration module takes the
responsibility of combining these contents into a unified
itembank using the method described in [9]. After that,
the context representation module is used to transform
these contents into the OWL ontologies so that they can
be easily accessed by other systems. Finally, the context
reasoning engine is responsible for handling predefined
events. For instance, it can be used to send a notification
to the manager of the itembank when a brand new item
enters the system or when the unified itembank is
modified. The following sections will discuss each of the
modules in detail.
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Fig. 4. Outline of MHIIS.
1 /* Input: T is the unified itembank to which the set of items t is to be integrated. */
2 /* Output: T. */
3 Procedure(7’, 9
4 Begin
5 /* Integration */
6 [=0.
7 For each item £ in¢ /* for each item */
8 For /=0toL-1 /* for each level */
9 Compute the similarity between item (content) ; and the abstractions of 7.
10 Use the most similar node to determine the catalog of 7 at level / and to reduce the search space.
11 End
12 Add 7 to the leaf of 7.
13 End
14 I* Fuzzy Clustering */
15 For =110 tya
16 For each item 4 in ¢
17 Update the membership partition matrix U using Eq. (3).
18 End
19 Update the clustering means using Eq. (2).
20 End
21 For each item 4 in 7
22 Find the most similar clusters to determine the catalog in 7'to which it belongs.
23 End
24 End

Information Extraction: As Fig. 2(a) shows, the
information extraction module (IEM) is responsible for
extracting and parsing the content from different
e-Learning systems or the Internet. In other words, the
IEM works as follows: first, the IEM will extract and
parse the content from the Internet or e-Learning systems
using whatever parsers are required for that content. For
instance, the parsers we developed for extracting the
content will first remove the tags and redundant content.
Then, the IEM will remove the redundant information
using stopword list and Stemmer’s algorithm [29].
Because the structure of Chinese differs from that of
English, a Chinese segmentation system [30] is generally
required to segment the content in Chinese and to
annotate all the terms segmented. Then, the IEM will
record the title, content, description, and other
information extracted. Finally, the IEM will transform
the acquired content to the unified structure imposed by
HGLS. Fig. 2(b) shows the process of transforming the
extracted information to the XML format. That is, IEM
first converts the extracted information to the XML
format before storing them on the system.

Information Integration: The information integration
module (IIM) described herein is built on an efficient
algorithm to integrate the heterogeneous itembanks and
resources, which we refer to as MHIIS in this paper.
MHIIS is designed specifically for classifying items
extracted from possibly heterogeneous itembanks and
the Internet. In other words, the IIM receives the
contents in XML from different web resources and
rearranges them in a content tree. The similar contents
will be put into the same group (chapter) in the content
tree. The proposed system can enrich the contents in the
content tree by adding contents available in the Internet
and other resources to the tree. More precisely, the

proposed algorithm leverages the strengths of the item
integration algorithm [9] and the fuzzy c-means
clustering algorithm [16]. As such, it is composed of two
phases: integration and fuzzy clustering.

As indicated in Fig. 4, the input to MHIIS is the
unified itembank 7 and the set of items 7to be integrated.
All the input items no matter where they came from will
be put into the most appropriate place of the unified
itembank 7 one by one. In the first phase, MHIIS
computes the similarity between all the new items and
the abstractions of 7, on line 9. The abstractions of T
refer to the Term Frequency (TF) and Inverse Document
Frequency (IDF) precomputed for all the items in the
itembank 7 to speed up the computation of the similarity
between all the new items and items in 7. In addition, as
far as this paper is concerned, it is the Vector Space
Model (VSM) [18] that is used in the computation of the
similarity.

On line 10, MHIIS seeks the most suitable category at
level / to which the item is to be assigned. The process
will be repeated until the leaf node is found. After all the
items are integrated, the new unified itembank will be
taken as the input to the fuzzy clustering phase. In the
second phase, MHIIS employs the fuzzy-based
clustering algorithm (the fuzzy c-means, or FCM for
short) to fine-tune the end result to enhance its quality,
on lines 15 to 20. In general, the goal of FCM is to
minimize the cost function defined by Eq. (1). The
output of the inte gration phase becomes the input of the
FCM. That is, the input to FCM are the set of items, the
set of catalogs in T, and the number of catalogs. Then,
the FCM will first update the membership partition
matrix U using Eq. (3) and the clustering means using

Eq. (2).
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Fig. 5. (a) The transform to the OWL content. (b) Part of
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After the fuzzy clustering phase, MHIIS will re-compute
the most similar clusters® for the set of items in 7 to
determine the new catalogs to which they belong. Finally,
the proposed algorithm uses the membership u; to
determine the cluster. or catalog i to which the item 4

belongs, on lines 21 to 23. More precisely, the item 4
belongs to the cluster (catalog) i if and only if u; = u;;,

Wi # i’. Fig. 3 gives an example to illustrate how the
proposed algorithm determines which item belongs to
which cluster. The example assumes that the proposed
algorithm will assign the item 7 to the first cluster,
denoted by its centroid m,; because u;; = u;;fori’=2, 3,
and 4.

Context Representation: The Context Representation
Module (CRM) plays the role of creating the OWL
representation for all the items in the itembank of HGLS.
In general, many researchers employ the Protégé [27]
API to create the OWL representation, as we did in our
pre vious work [31]. However, in this paper, due to the
performance consideration, we first create the OWL
representation of the existing items using CRM. As Fig.
5(a) shows, upon receiving the content from other
systems, the CRM will automatically create the OWL
representation associated with it. More precisely, CRM

2 The most similar clusters are ranked in terms of the distances
between ¢ and all the nodes in 7.
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adds more tags to the XML content to ensure that they
conform to the OWL format, as shown in Fig. 5(b). The
CRM can also parse the OWL ontologies from other
systems. For this reason, the CRM can be considered as
a layer of software for reading and writing the OWL
ontologies, though it is designed specially for HGLS. An
example is given in Fig. 6 to show that HGLS is capable
of exporting the items it owns to the OWL ontology,
which can then be displayed by Protégé [27]. In this
paper, we assume that the contents on the proposed
system can be shared by the other ontology systems if
they have access to the proposed system and use Protégé
and the system we develop.

¥ @ Thing

¥ @ The_development_of_hometawn
~@The_change_of hometown
The_story_of hometown_development

¥ @ The_festival_and_folk_activities_of_hometown
The_folk_activities_of_hometown
The_traditional_festival_of_hometown

¥ @ The_geographical_name_and_location_of_hometown
The_location_of_hometown_on_map
The_name_of hometown

¥ @ The_natural_environment_and_life_of _hometown
The_climate_and_life_of_hometown
The_terrain_and_life_of_hometown
The_water_resource_and_life_of_hometown

¥ @ The_scenic_spots_of_historical_significance_and_specialty_of_hometown
The_scenic_spots_of_historical_significance_of_hometown
The_specialty_of_hometown

¥ @ The_tourism_of_hometawn
The_one-day_tour_of _hometown
The_traffic_of_hometown

Fig. 6. An example of items of HGLS displayed using Protégé.

In addition, the proposed framework provides the
functionality to export the content we want to share with
others. By design, the proposed framework also allows
the user or administrator of an e-Learning system to
select the contents or items to be shared with others. In
addition, the CRM is also responsible for exporting the
items or contents in different formats such as XML,
OWL, or text.

Context Reasoning Engine: Moreover, we also
design a Context Reasoning Engine Module (CREM) for
managing the items, contents, and supplements. For
example, the CREM will update the items and contents
when a new item enters HGLS or in a predefined time
schedule. In summary, the CREM is event driven, and
we predefine several events that will trigger the CREM
as follows:
® New items: When a new item enters HGLS, the

CREM will send it to the IIM and classifies it to the

most suitable category. In addition, the CREM will

also send a message to the itembank manager so that
the itembank manager can keep track of all the
relevant information.

® New contents: These are the kinds of resources
extracted from the Internet. When a new content
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enters the IEM, the 1IM will compute the similarity
between the new content and the items in the unified
itembank of HGLS. In addition, the users can
determine if the new content is actually a new item or
a supplement either by themselves or based on the
suggestion given by the proposed framework. In
addition, the CREM will also send the content to the
manager for the bookkeeping purpose.

® Event notification: In this case, when the CREM
detects that the unified itembank of HGLS is
modified, it will send a message to the manager,
again for the bookkeeping purpose.

4. Simulation and Experimental Results

In this section, we will start with an introduction to the
environmental settings of HGLS. Then, we will present
the experimental and simulation results and analyze the
performance of the proposed framework.

A. Environment and Parameter Settings

All the empirical analysis was conducted on a 2.8GHz
Intel Pentium4 machine with 512MB of memory running
Ubuntu 8.04 with Linux kernel 2.6.24. Moreover, all the
programs are written in C++, PHP, and Perl. In this
paper, we use HGLS [5], an e-Learning system we
develop, as a testbed of the proposed framework. HGLS
has been put into use by National Sun Yat-sen
University and Educational Network Center and several
elementary schools in the city of Tainan, Taiwan. In
addition, the system integrates several technigques such
as web mining, Web 2.0, information retrieval, grid
computing, and so forth.

B. Simulation Results

To evaluate the performance of the proposed
framework, we use two different itembanks. One is from
Kang Hsuan Publishing [32]; the other is from Han Lin
Publishing [33]. In addition, we also use the content
extracted from the Internet. More precisely, there are 697
items from Han Lin Publishing, 464 items from Kang
Hsuan Publishing, contents from Wiki, and contents
from blogs.® All the data are segmented into terms by
the Chinese word segmentation system [30].

In Table 1, the accuracy rates in percentage are
defined by

" E.
E = 2iaky 100%, ()
ni
E _ Zi:lEi , (5)
m

® They are available for download at
http://cwtsai.ee.ncku.edu.tw/ct/benchmark.txt.
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Table 1. The accuracy rate of adding all the resources given in
the table into the unified itembank.

Measurement [Method | Wiki Blog K.H. | Web | Average
£ 2 £ | E =
'S;feu([,fo‘;y OHIBI | 9231 | 750 | 98.09 | 8462 | 875
MHIIS | 9231 | 91.67 | 98.42 | 92.31 | 93.67
- OHIBI | 1.92 | 228 | 273 | 243 | 2.34
MHIIS | 145 | 192 | 262 | 2.19 | 2.04

where E; indicates the accuracy rate of resource i and £
indicates the average accuracy rate of all the resources.
Moreover, m denotes the number of resources, n; denotes
the number of contents resource i has, and E; takes the
value of 1 and 0 to indicate if the content ¢; is assigned
to the suitable category of the itembank, with 1 being
correct and 0 being wrong. Moreover, we also use sum
of squared errors (SSE) defined by

l m 1
SSE = —m 6
2ian; Z‘1/Z=:1 X m’” (6)

to measure the proposed framework where m; denotes
the centroid of cluster i (e.g., section of course content);
x; the j-th input of cluster i.

To measure the accuracy rate of the proposed
framework, we conduct several experiments and
compare the proposed algorithm with OHIBI [9]. First,
we use Han Lin itembank as the unified itembank to
which items will be integrated and the contents of Kang
Hsuan itembank as the items to be integrated to the
unified itembank. Moreover, we use the tree-structured
itembank to represent the contents. As Table 1 shows,
the accuracy rate for adding all kinds of contents given
in Table 1 into the unified itembank is 93.67% on
average. For the FCM, SSE is computed by using the
centroid with the highest membership to which a pattern
belongs. Our simulation also shows that the proposed
algorithm can provide a better result than OHIBI in
terms of SSE.

C. Experimental Results

In this paper, we integrate the learning contents,
which include itembanks from several publishers and
resources from the Internet, to provide the users of
HGLS a much better learning environment. Fig. 7 shows
an example of the content extracted from a small town in
Central Taiwan named Wuri by the IEM. We also design
and implement parsers for contents from other resources
and itembanks from publishers. The IIM will compute
the similarity between the new input content and those in
the itembank. Then, it will return the suggestions to the
user to help them classify these contents into the
itembank. Finally, the user can determine if this content
is a new item or a supplement and assign it to the
suitable position either according to the suggestions of
the system or based on their own judgment.
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Content The first step to recognize Wauri is to realize
the characteristics of its geographical position
and administrative divisions.

http://content.edu.tw/local/taichun/yuan/h013/1/10.htm

Fig. 7. An example of content extraction of the proposed
system.

5. Conclusion

In this paper, we presented a novel framework, called
an ontology-based framework for itembank integration
and knowledge sharing (11KS), for integrating resources
available in the Internet into a unified itembank with a
high accuracy rate. Moreover, the proposed framework
uses ontology to make the learning content of HGLS
easily exchanged and thus shared. The context reasoning
engine is designed to provide services such as event
notification to the user of such a system. As a result, the
students and instructors can now have more learning
contents than ever before to enhance the performance of
learning. Our focus in the future is to generalize the
proposed framework to make it possible to automatically
create the itembank using all the information available in
the Internet. We will also add more rules to the context
reasoning engine to make HGLS a much Dbetter
e-Learning system, especially from the user’s
perspective.
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