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ABSTRACT

eLearnering benefits the society when the content are
prepared with interactive communication and customized
navigation based on learners profile. The research question
posed in this study is whether it is feasible and beneficial to
separate the learning objects (LOs) and the learning sequence
based on learner model. With this separation, the customized
courses should be pedagogically appropriate and effective for
the learner. Dynamic learner profile in eLearning systems is
used to adapt expected learning resources and guide a learner
through them. Customized sequencing and navigation in the
information resources can be achieved with ease using
semantic Web technology. Our research describes the study
related to the investigation of personalized eLearning
framework based upon dynamic learner profile using Sharable
Content Object Reference Model (SCORM) and Instructional
principles in semantic Web.
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1. INTRODUCTION

Technology is an agent of change, and major technological
innovations can result in entire paradigm shifts. There have
been many technological enhancements in the last 30 years,
during which the desktop computer and the Internet have been
developed. The technological advancements throughout the
20th century are identified such as film, radio, audiotape,
broadcast television, videotape, programmed learning
machines, etc., I, Though there are few evidences on the
transformation of teaching learning process based on these
technological advancements, the impact has been minimal.
The face to face discussion and paper resources still dominate
the public education [, The audio-visual media is not treated
as art of teaching learning process, though they are developed
and used in few cases 2%, Similarly, the computer network
known as the Internet is changed the way people
communicate and do business. However, the effectiveness of
eLearning is not perceived by the learning community, and it
is utilized for just-in-time reference ). This is mainly because
of the minimal considerations on psychological reactions,
technological skills, and the independent learning ability
while developing the learning content 4.

The strengths of multimedia software and Web technology are
not utilized fully. Most of the current eLearning offerings
deliver the same static content to all the learners, irrespective
of their prior knowledge and experience. This kind of

cognitive overload problem may be addressed by recording
the educational experiences towards the characteristics of each
individual learner. Personalized elLearning systems should
have a strong emphasis on learner empowerment, wherein the
learner plays an active role on gaining the subject knowledge.
The choice of ‘developing personalized eLearning’” with
learner centric LOs is governed by considering the aspects
such as:

e The great demand for eLearning has increased, since it
supports ‘just-in-time’ learning that can be accessed
quickly, widely and cost-effectively by people regardless
of where they are, which in turn warrants research on
increasing its effectiveness 81,

e The technological enhancements expand the possibility
of using interactive multimedia course materials which
promotes higher-order learning, reasoning skills,
problem-solving skills and knowledge acquisition
insisted on pedagogical approach *°!.

e elearning standards ensures consistency, particularly
SCORM integrates a collection of eLearning resources,
wherein the content and the pedagogic approach (learner
[ngleference) is to be taken care of by the course author

e Ontology based semantic Web technologies are
promising solutions to give an explicit definition of
conceptualization on a specified domain and assembly of
LOs with personalized functionality [,

The existing eLearning systems are focusing three different
viewpoints % of eLearning such as pedagogical viewpoint
(learner oriented educational theories), pragmatic viewpoint
(practical solutions to use LO by teachers and instructional
designers) and technological viewpoint (building and
sequencing LO). The success of eLearning course materials
based on instructional design principle has been studied [ *
18,15 200 ang insisted a learner centric guideline of creating
learning content. The dynamic updating of learner profile
based on learner performance is suggested ®® to adapting
learning sequence. The lack of formal semantics inherent in
XML to achieve semantic interoperability is addressed and
suggestion is made on ontology based conceptualization
(201719 The choice of SCORM is highlighted % for
implementing reusable, interoperable, and sequencing
navigation of LO. However, there are very limited studies
which integrate all the three different viewpoints. Our
research addresses the lacunae present in the existing scenario
with the need of an integrated approach.

2. RESEARCH BACKGROUND

This section provides a structured overview of the background
research that was used to answer the research question on how
an elLearning environment can promote personalized
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eLearning to adapt individual learner preferences. In
particular, our study examines how elLearning with
instructional design principles, learning technology standards,
adaptive hypermedia and semantic Web have influenced
personalization. The evolution of SCORM complement
Learning Management System (LMS) was developed as part
of our study.

Volume 2— No.1, May 2012 — www.ijais.org

SCORM is now the de facto standard for eLearning systems
and has been used successfully around the world 4. SCORM
is also a software model that helps software teams incorporate
multiple, interacting community standards (data structure,
communication protocols, metadata, distribution formats,
etc.). However, SCORM makes no commitment on learner
preference and content portability 1. Hence, we suggest a
solution whose aim is to provide SCORM courses with
adaptation and pedagogical approach on content creation. Our
study has extended SCORM-compliant architecture 2 to
incorporate instructional design and personalization as given
in Fig. 1. Some of the suggested extension points are further
discussed.
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3. LCMS hierarchy using ID

We advocate the use of ontology to explicitly specify the
Learning content Management System (LCMS) design
hierarchy, LO and the relations between them with the help of
ID principles. The lack of pedagogical approaches at the level
of eLearning standards about LO necessitated the use of ID
and semantic Web. Through the combination of ontology and
their inference mechanism, we are able to model, represent
and better organize all the knowledge that is required to
process information-intensive tasks of activity based learning.
The conceptual mapping of ID is carried out using the
ontology tool Protégé and represented in the form of ontology
class. The component represented is mapped on different
dimensions. The relationship among the determined learning
style with the instructional medium, learning activity, learning
exposure and virtual community is defined in ontology
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4. LEARNER PROFILE DATA MODEL

There have been attempts to standardize a leaner profile. The
data model described in SCORM includes IEEE LOM
metadata and AICC CMI (Computer Managed Instruction)
student model. IEEE LOM educational metadata can be used
for describing the scope of ‘learning resource’ class. AICC
describes the student model with a limited number of
attributes. Some of the other most widely used learner profile
models are IEEE PAPI and IMS LIP. These standards have
been developed from different points of view. The PAPI
standard reflects ideas from intelligent tutoring systems
wherein the performance information is considered as the
most important information about a learner. Our study has
proposed dynamic learner profile by integrating the existing
models and extended to suit our requirements. The defined
learner model personalizes and aggregates the best fit LOs in
conjunction with the PAPI standards. The learner model
comprises static and dynamic learner profile. Static profiles
are not altered during the interaction. Dynamic profiles are

updated based on individual learning performance through
self-check exercises, and other form of tests. The challenge is
to find out the learning outcome and record the performance
of learning through collaborative environment and external
resources.

5. PERSONALIZED SEQUENCING

The personalized adaptation of learning is carried out to
support individual learners by referring to the value stored in
the learner model. The learner profile is referred on request
and the required content aggregation is formed using
adaptation engine. The key stages in creating personalized
eLearning sequencing are modeling the learner, choosing an
appropriate learning approach, selecting appropriate contents
and activities to perform learning and finally populating these
concepts with customized LOs. The sequence of the LOs
during the execution of the workflow is determined with the
help of domain model. This necessitated a well formed
cooperation between the modules. The layered architecture,
supporting adaptive content aggregation and sequencing, is
presented in Fig. 2. This enables the adaptive hypermedia
service to deliver personalized eLearning courses. The learner
profile contains a model of the learner with respect to learning
preferences, performance etc. The learning resource model
represents the collection of LOs which may be selected to a
particular learner. The learning resources may be rendered in
a variety of ways, e.g. text documents, slides, animation,
simulation, interactive file, etc. A mechanism that enables the
personalized course structures to be described in terms of
concepts is proposed. This abstraction enables the adaptive
hypermedia service to populate the concept with an
appropriate piece of learning content at runtime. For example,
if the learner prefers interactive content, then a kinesthetic
piece of content may be delivered over a non-interactive
visual piece of content. The domain model is responsible for
describing the possible combinations of learning concepts that
may be assembled to fulfill a learner’s personal learning
goals. The content sequencing is then generated according to
the order suggested for the specific learner domain level. The
LO metadata is used for such semantic querying.
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Fig. 2: Adaptive eLearning architecture

6. RESULTS

Our study has implemented a problem based learning activity
as a viable means of learner centered eLearning. The advent
of ID has eased the design of learner centric LO creation. The
system consists of the LMS for processing basic data, learner
profile, and the LCMS for managing and storing SCOs. The
important steps in implementation are LO creation with the
help of authoring tools and personalized LO aggregation
through Reload Editor. The sequencing rule option is given in
Fig. 3. A sample implementation of conditional statements in
“C Programming” for a behavioral learner in Reload editor is
given in Fig. 4.

13



International Journal of Applied Information Systems (1JAIS) — ISSN : 2249-0868
Foundation of Computer Science FCS, New York, USA

Volume 2— No.1, May 2012 — www.ijais.org

F. tenk Package
MAMNIFEST -AECEF | SE-D688- | FAB-S289-7 HADESEE ST

i !Mﬂad-a-ta-
- . Crganizations
=[] Templabe 1-3
0 sco_1
= Seguening
2 Conkrol Mods
=4 Sequencng Fues
= ExitCondition Rules
=< e Conditions

£ Rube Action
= & Resources
=@ SCO_1.hbtml
[ s00_1html
[E) wtliaPTwrapper. is

Attribute LT
Corsiionn saticfied
measre Threshold |

e SO 'rﬁ:'.bp
referencedObjective |

Fig. 3: Sequencing options in Reload Editor

@ MANIFEST-040D7395C-21BE-BFE0-7E46-0DC29A157548
+ Metadata
= Organizations
= [l CProgramming Course
+ Hl C Basics
- BB Conditional Statements
[] Leamingobjective
[] Prerequisites
D Introduction
[] Contants
[ Examples
[] HandsOn
[JSeHfCheck
Resources
@ sSCO_1/Cbasics htmi
&
© SCO_2/5C0 leamobj/c_co_lobj.huml
@ SCO_2/SCO prereqg/c_co_prereq.html
< SCO_2/SC0O Into/c_co_intro.html
< SCO_2/SCO content/c_co_cont.hunl
© SCO_2/5C0O example/c_co_example.html
© SCO_2/5CO handson/c_co_handson.html
< SCO_2/5C0 selfcheckic_co_selfcheck.html

]
0&»0-»;0.00]0@

Fig. 4: Aggregation of LO in Reload Editor

As a part of the evaluation of the personalized course, the
effectiveness of the course was assessed by examining the
performance of the learners in the examination. The
effectiveness of the personalized course is examined by
comparing it to non-adaptive courses and online courses with
minimum navigation facility.

The E-Model-1 courses are organized based on learner
preference model with link hiding adaptation technique for
additional resources. E-Model-2 is developed with listing all
the learning activities and E-Model-3 is simple multimedia
content with minimum navigation.  The study is made on
each E-Model with a population of 8 in each group. The

scores obtained at the end of the learning are recorded (Table
1) and analyzed with Tukey’s HSD (honestly significance
difference) mean variation for the session “Conditional
statement” in “C Programming” (Table 2).

Table 1. Online Quiz score of each model

i Group Online Quiz Score (Maxinnm score :10)
UL|UL|U3| U4 | US |U6IUT | UB
Growp Aof E-Modell | 9 [ 8 [0 10 ] 9 [ §]9]10
GroupBof E-Model-2 | 7[5 |7 6 | 7T |8]7]7
Group Cof E-Model-3 | 5 | 3 [ 4] 5 |2 |5]3]|4
Table 2.Tukey’s HSD mean variation
Population Tukey’s HSD (q)
Group A Vs Group B 6.8033
Group B Vs Group C 6.4254
Group A Vs Group C 15.4965

The study clearly indicated that all the three comparisons are
statistically significant. Group A which has studied the E-
Model-1 with personalized links scored high, better than
Group B and is best among the three. Group B scored
moderate on study and the learning of Group C is not
encouraging. The result was accepted meaning that the user
adaptation provided by our research significantly allowed
increase in user performance.

The principal implication ensures that the personalized
sequencing enhances the learning outcome and reduces the
cognitive overload. The functionality of updating learner
profile is done through monitoring learner’s navigation and
performance. The study has recommended the architectural
revision needed on newer versions of SCORM by
incorporating pedagogical approach, extending the existing
learner model, learner preference in LO sequencing and
implementation of ontology based semantic Web service
approach.

The evaluation of author satisfaction of the defined LCMS
hierarchical ontology components are analyzed under the
usability study. This experiment is carried out with the set of
academic staff members from different faculties such as
Computer Science (CS), Chemistry (CHY), Electrical Science
(ES), Bio-Technology (BIO) and English (Eng). The factors
used for study are flexibility to use, ease of comprehension,
variety of Los, simple to complex approach, and reflex class
room environment with the 5-point likert scale of 1(strongly
disagree) to 5 (strongly agree). The results are shown in Fig.
5, favour the study made and is in agreement with ID

mapping.
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Fig. 5. The study on usability of identified LOs

7. CONCLUSION

In our work, we have observed that the ontology based LO
integrated with the learner profiles generates better results in
an elLearning system. Our study was carried out in a closed
system wherein LOs are created and consumed within the
organization. The recommended external learning resources
by the course developer or teacher are added as additional
resources. The system is studied for promoting formal
education with the reflex of class room teaching. From an
educational point of view, our research makes it possible for
the SCORM learning environment to deliver reusable learning
materials that are preferable to both teachers and learners.

Considering the rural and urban ratio of population in India,
and also the acute shortage of skilled teachers in rural areas,
the implementation of research helps in promoting effective
education through eLearning and reduces the current dropout
rates in higher education
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