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ABSTRACT

In this paper, we introduce the sharable and reusable learning objects which are suitable for XML
Web services in e-learning systems. These objects are extracted from the principles of pedagogical para-
digms for reusable learning units. We call them LIO (Learning Item Object) objects. Existing models,
such as Web-hosted and ASP-oriented service model, are difficult to cooperate and integrate among
the different kinds of e-learning systems. So we developed the LIO objects that are suitable for XML
Web services. The reusable units that are extracted from pedagogical paradigms are tutorial item, resource,
case example, simulation, problems, test, discovery and discussion. And these units correspond to the
LIO objects in our learning object model. As a result, the proposed model is that learner and instruction
designer should increase the power of understanding about learning contents that are based on pedagogical
paradigms. By using XML Web services, this guarantees the integration and interoperation of the different
kinds of e-learning systems in distributed environments and so educational organizations can expect the
cost reduction in constructing e-learning systems.

Keywords: Learning Object, XML Web Service, LIO object, Pedagogical Paradigm, E-Learning System

1. INTRODUCTION

An e-learning system provides the technological
environments for educational organizations to per—
form e-learning. Up to the present, e-learning sys-
tems are being introduced as the mixtures of ex—
ternal expert development, management and oper-
ation which are hosted by Web and ASP service
model. This has the advantage of keeping an edu-
cational system flexible and performable by con—
tinuously performing upgrade and all other related
services. However, under this decentralized com-
puting environments, ASP service model requires
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huge initial cost as well as time consuming envi—
ronment for the integration of application and
customization. In addition, the client-server tech-
nologies such as CORBA, DCOM and RMI, are dif-
ficult to be accepted in Internet because of the lack
of security and reliability as well as frailty of fire-
wall under open network environments. Again, if

e-learning solution is following after ASP model,

it can not expect ROI (Return on Investment).

Because of these limits of ASP, we choose an XML
Web service model as a best e-learning solution
for decentralized environments. By constructing
XML Web services, we have extracted the LIO ob-
ject which is based on pedagogical paradigms in
order to increase reusability and interoperability.
Also, we describe the service interface for using
these models.

2. RELATED WORKS

Recently, a new approach for developing learn—

ing objects has been increasingly gaining attention
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among educational technology and computer sci-
ence researchers. The IEEE Learning Technology
Standards Committee(LTSC) has defined the
learning object as the digital or non-digital entity
that can be used and reused or referenced during
the course of learning[1]. Also, IDC has given the
definition of a learning object as a unit which in-
cludes contents and evaluation that is based on
specific learning objective and add metadata to
symbolize such learning unit{2]. Also, a learning
object is called a contents object or a knowledge
object by ADL SCORM(Advanced Distributed
Learning, Sharable Content Object Reference
ModeD)[3]. IMS(Instructional Management Sys-
tem) had no comments for these terms other than
using a learning resource as a concept [4]. And
many other perspectives on learning objects ex—
ists[5-7]. According to these definitions for a
learning object, we may find that the definition of
LTSC is too comprehensive and the IMS resource
contains passive meaning of a readable material for
learning. The definition of SCORM contains a wid-
er scope of contents than the educational scope of
contents. In this paper, we define a learning object
as a self-contained, reusable digital contents that
is applicable in e-learning system. Thus learming
objects are fundamental elements of a conceptual
model for content creation and course composition

in e-learning system.

2.1 Reusable Unit in Pedagogical Paradigms

"The notion of reusable units in a learning environ—
ment has a lot of merit to both educators and design-
ers of e-learing environments. A pedagogical para-
digm is an approach to understand the process of
teaching and learning. Many methodologies of in-
structional design has been researched according to
the changes in educational environments.

In tutorial, drill and practice, the extractable units

for reusability are tutorial subjects and related
questions. Learning is carried out in a form of tuto-
rial-drill-evaluation. In case study method, learner

needs to analyze samples to be instructed and be
able to practice it. Therefore, the reusable unit could
be a sample of stories which are based on real life
situations. In problem-based learning, it presents
the study which are certified in various fields and
sought in solutions. The reusable unit is a question.
In exploratory learning, the reusable unit is the re—
source to learn and the discovery to find. In this
method, the actual fact or concept could be found
because the learning is accomplished by going
through the process of presenting issue, building
hypothesis, designing experiment, verifying hy-
pothesis by collecting data and making decisions.
In resource-based learning the reusable unit is a
resource, because in this method the learning is ac-
complished by the action of system utility sur-
rounding the learner. In goal-based learning, a cor-
responding scenario or simulation is required be—
cause in this method the learning is accomplished
by the learner that seeks the solutions through in-
tentionally curtailed situations. Therefore, the reus—
able unit in this paradigm is a simulation[8]. All re-
usable and extracted units for various pedagogical
paradigms are described in Table 1.

2.2 SOA (Service-Oriented Architecture)

The composite computing model is an archi-
tecture that uses a distributed, discovery-based
execution environment to expose and manage a
collection of service-oriented software assets[9]. A
software asset can be a piece of business logic, a
component, a queue, or a single method that per—
forms a useful function that you decide to expose

Table 1. Reusable units in pedagogical paradigms

Reusable Unit
tutorial, drill and practice | tutorial item, problem

Pedagogical Paradigm

case study method case Example, discussion

problem-based learning |problem

exploratory learning resource, discovery

resource-based learning | resource

goal-based learning simulation
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to the outside world.

SOA represents a way to achieve this composite
computing model using the set of technologies that
make up the Web service technology stack. This
set of technologies currently consists of SOAP,
WSDL, and UDDJ, though other components may
be added in the future. Fig. 1 shows the relation-
ships among these technologies.

3. XML WEB SERVICES FOR A PEDA-
GOGICAL PARADIGM- BASED LIO
OBJECTS

Under decentralized computing environments, a
learning object needs to be reusable and interoper—
able in order to share and exchange contents be-
tween different educational systems. In this chap-
ter, we will connect the reusable unit in peda-
gogical paradigms to an LIO object.

3.1 Relationship with LIO Objects and the
Reusable Units in Pedagogical Paradigms

3.1.1 LIO Object

An LIO object is the least, reusable unit to
transmit or track in e-learning systems which are
conceptually grouping raw resources. Also, it is an
learning object that are suitable for XML Web
services. It has the characteristics of self-con-
tained, reusability and aggregation. So, each LIO
object can be consumed independently. It can be
grouped into larger collections. And it could be
transmitted to clients on Web as text data, image,
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Fig. 1. Service-oriented architecture.

sound and other media data. An LIO object allows
itself to have various types based on the analyzed,
reusable unit in pedagogical paradigms. We de-
signed the various types of LIO objects such as
introduce, fact, quiz, try, link—-more, tell-more and
test objects according to the pedagogical para-
digms. The introduce and fact objects could be
seen as a tutorial item or a resource which is the
reusable unit in pedagogical design which is com-
posed by the actual body that the text represents
introductions and facts and various related
graphics. The quiz and test objects are applied as
a problem in the pedagogically designed reusable
unit. A quiz object is a simple, self-study question
and a test object surveys the level of learning
understanding. A try object is applied as case sam-—
ple or simulation in the reusable unit and a
link-more object is applied as a URL-based re—
source, which obtains more information to inves—
tigate, or to discover. A tell-more object could be
applied as discussion in the reusable unit by allow-
ing the discussion with experts or instructors.

Specially, we divide the LIO objects into two
categories, the read LIO objects and the try LIO
objects. This classification is based on learner
interactivity. That is, the learner can read the tuto-
rial contents or can learn by performing actual
practice. Passive study of learner that acquires a
knowledge by reading explained concept or fact in
the virtual classroom is called the read LIO object
and includes the types of the introduce and fact
objects. The try LIO object requires interactive op—
eration among learners and includes the try, quiz,
link-more, tell-more and test objects. Table 2
shows the relationships of LIO elements and reus—
able units.

3.1.2 Lesson

A lesson element is a bundle of LIO objects. This
element is composed of the content elements with
specific learning objective in a related specific

learning context. It includes not only a read LIO
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Table 2. Relationship with LIO elements and the
reusable unit in pedagogical paradigm

LIO LIO

oo
Kind | Flement Reusable Unit in Pedagogy

Read | Introduce |tutorial item

LIO Fact tutorial item, resource
Try case example, simulation
Quiz quiz-problem

Try

Test test-problem

LIO
Link-more | URL-based resource, discovery

Tell-more | discussion, FAQ with instructor

object, a try LIO object, but also learning objective,
pre-test, post-test and summary. An instruction
designer should include following elements in their
design:
= learning objectives - proposed goal for class
action
* pre—test (optional) - to judge level of learn—
er's knowledge before the lesson
= read LIO or try LIO object - actual learning
activity
= summary - the record of learner’s activity
during the course or tutorial information for
next level
= post-test (optional) - to judge pass or fail
the learner.
Fig. 2 depict the structure of a lesson element
in our learning object model.

3.2 Component Design for LIO Objects Modeling

In this section, we show an LIO component and

L.esson

Obijectives

Fig. 2. Structure of lesson element.

its component connection interface.

3.2.1 LIO Component

Each LIO component may have attributes and
methods according to the type of an LIO
component. In their relation, let any possible LIO
component generalize and design to upper abstract
class. It is designed to the introduce class and the
fact class for an introduce LIO and a fact LIO
respectively. These classes are classified as the
read LIO, due to no requirement of interaction with
user. Also, the try, quiz, test, link-more and
tell-more LIO objects are mapped to a try class,
a quiz class, a test class, a link-more class- and
a tell-more class respectively. These classes are
classified as the try LIO, due to the requirement
of interaction with user. In order to freely handle
these classes in application, we placed an id and
a type attributes on most significant abstract class.

The LIO component could be identified by using
GUID as content when they are served the lesson
or course in package and described by XML-based
metadata. In this paper, we have reference LOM
for XML-based metadata. LOM is the standard
proposal for third educational parties [10]. Fig. 3
depicts the hierarchy of the LIO classes.

3.2.2 LIO Object’s Component Connection In-
terface

Each LIO with metadata is stored in the object
storage, i.e., storage for contents and metadata to
share and retrieve among applications and stored
with the item of lesson unit to be reused[11]. In
a lesson, we allow each LIO of learning contents
to approach with located URL and metadata’s
location. XML schema on Fig. 4 are used to allocate
each LIO at learning contents. This is used to allo-
cate LIO object when we design the database.

Fig. 5 depicts the file structure that is packaged
with course contents. This structure is designed
for efficient XML Web services in mind and con-
sists of a manifest file and many physical files.
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Fig. 3. Hierarchy of LIO classes.
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Fig. 4. XML schema for lesson unit.

3.3 A Flow for XML Web Service with LIO
Objects

_ . For active transmission of ‘learning contents, we

may describe the operation flow of learning Web

Lanaanit

service as follows:
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1. The learning contents provider registers a
provider’s information and contents service
information (WSDL file) to UDDI directory.

. Any learner or instruction designer who uses

client application searchs and finds the de-

—
Fig. 5. File structure packaged with course contents. sired contents services on UDDI directory.

Learner or designer can trace how to called
Each typed LIO objects are stored in metadata

along with the information for a content location.

to the desired services through service detail
(WSDL).

Each LIO object is designed with components and 3. The client application of learner or instruction

exposes to interfaces for XML Web services. designer can receive the message and the re-
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sult value of the requiring contents services
through SOAP.

Fig. 6 shows the extended figure of such proc-
essing flows to support the system structure of
XML Web services for learning contents. Web
service system means the runtime environment of
Web service. And in the JVM, it means the SOAP
engine that is included in the servlet container. It
processes the requested SOAP from client applica-
tions which are used by learner or instruction de-
signer, or mapped to other requests into native
components. And at same time, it returns the result
from the component to a client application in the
SOAP form. Then, Web server takes a role of in-

termediary to transfer Web Service request which

is received through HTTP to Web service
run-time system and the service interface could be
known by using WSDL file.

3.4 Client for XML Web Service with LIO
Objects

A Web client application utilizes a Web service
on Internet. From the Web browser, it obtains an
LIO object catalog and places it to a shopping cart.
Then after checking the shopping cart, learner or
instruction designer could download the selected
contents URL after selecting the required LIO ob—
ject for the learning contents. Fig. 7 shows the LIO
catalog interface for LIO objects.

find a service and
get the sendce interface
CASDLY

publish a service

Lesson ltem 1 LiDs Catalog
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Fig. 7. Client catalog interface for LIO objects.
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3.5 Comparisons

A learning object model can be compared in
many different perspectives. Table 3 compares our
learning object model with other learning object
models such as AICC, IDC and SCORM. First, in
respect to educational perspectives we compared
our model with others in instructional unit support
and easy course reorganization.

Next, in respect to technical perspectives we
compared our model with others in XML metadata
support, reusability, mutual operability and
accessibility. As our LIO learning object model is
based on an XML Web service, it has good acces-
sibility as compared to other models. An LIO
learning object has the characteristic of self-con-
tained, reusability and aggregation. So, the LIO ob-
ject model has the instructional unit support and
easy course reorganization. Also the LIO object

can be grouped into larger collections.

4. CONCLUSIONS

In this paper we developed the sharable and re-
usable learning objects which were suitable for
XML Web services. These LIO objects are ex-
tracted from the principles of pedagogical para-

digms for reusable learning units.

Table 3. The Comparison of our LIO model and
other learning object models

model Proposed
comparison AICC| IDC |SCORM LIO
item Model
1n§truct10nal o A “ o
unit support
easy cpur.se A A “ o
reorganization
XML :
metadata o o o o
support
reusability X O O O
mutual
.. x @] O FAN
operability
accessibility x X x O

We has designed the LIO learning object with
component-based development method by using
reusable units that are based on various peda-
gogical paradigms. These designed objects could
be reused and shared among different kinds of
e-learning systems under decentralized environ-
ment and these learning units could be transmitted
and tracked in the Web. Existing models, such as
Web~-hosted and ASP-oriented service model, are
difficult to cooperate and integrate among the dif-
ferent kinds of education systems. So we developed
the LIO objects that is suitable for XML Web
services.

The LIO learning objects which are based on
pedagogical paradigm for an XML Web service
have several advantages. First, as our LIO object
model is based on an XML Web service, it has
good accessibility as compared to other learning
object models. Second, in the educational per-
spective a learner or an instruction designer could
quickly reformulate the course according to fre-
quent changes in the learning environment. This
is more prominent when the boundary of learning
is clearly shown. Third, an educational institution
which needs to build e-learning system for decen—
tralized environment could observe changes in
business world and cooperate with outside educa-
tion service to reduce the time for system develop-
ment and integration. Finally, the extensibility of
e-learning systems could be increased by extend-
ing the reusable unit of software to the level of
application.
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