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Abstract—several studies have shown that learning is effec-
tive when it takes into consideration the characteristics and
learning styles of learners. The existing systems generate
learning paths based on the learning styles, and by studying
the behaviors within the same system, to create the accurate
learning path, while playing mostly with the order of learn-
ing objects presented (according to prerequisites, objec-
tives,...). However these systems do not act neither on the
cognitive level of the knowledge itself nor its didactic as-
pects. It is assumed that the proposed learning objects are
valid for all learners, and it’s only a matter of suitable se-
quence for everyone. Our aim is to propose a model of con-
tents, based on the differentiated pedagogy, to produce
multiples versions of the same course, taking into account
the different requirements of differentiated pedagogy. We
propose an approach that consists of differentiating the
available educational resources, by creating multiple ver-
sions of the same learning object to ensure its better assimi-
lation.

Index Terms—learning styles, learning path, learning ob-
jects, differentiated pedagogy.

L INTRODUCTION

The use of Internet for educational purposes is currently
growing in many forms, especially in universities. This
teaching method allowing the learner to be the actor of his
training, is basically offering training according to his own
pace regardless of other learners, and more adapted to his
own learning profile. Most intelligent system that exist in
eLearning [1]-[11] are interested into adapting learning to
the different profiles. The logic to this is that the accom-
modation of differences in content to learners, prerequi-
sites, objectives and preferences [16] improves the system
performances, which translates subsequently to a more
satisfactory result on the learner’s side. However those
systems provide the same learning object for everyone,
because they do not take into account the differences that
may appear at the cognitive level or the didactic aspect of
the learning object.

In this paper, we present an approach that consists of
creating multiple versions of the same learning object
based on the differentiated pedagogy; it aims to offer a
variation of educational resources of the same LO to en-
sure its better assimilation by all the learners.

The rest of this paper is organized as follows: We start
in section 2 with a brief review of related works, and then
in section 3 we will present the multiple definitions of the
learning objet. In section 4 we will present the differenti-
ated pedagogy, and then we will discuss the adaptation of
the course and its structure in section 5. Later we will
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propose our approach for creating different versions of the
same LO based on the differentiated pedagogy in section
6. Finally some conclusions are drawn in section 7.

II. RELATED WORK

Learning objects are the main focus of a vast majority
of works in the field of adaptive learning systems; as [23]
argues that a new generation of powerful e-learning sys-
tem would start on the crossroads of two emerging fields:
courseware re-use and adaptive educational systems, [29]-
[20] also examine the learning object granularity [21]
issue which is directly related with Learning Object (LO)
reusability and the adaptability process required in Adap-
tive learning system.

The Reusability [8], addressed in [25] where the au-
thors agree that LOs are the answer to sharing, re-using
and locating educational materials, is the main focus also
in [19], where the authors propose a system called SLDF
designed to support the development of pedagogically
sound learning material within an integrated platform
independent data structure. The system supports sharing,
re-use and adaptation of learning material. In [31] the
authors classify some basic assessment aspects (adaptivity
parameters) of an AEHS user, extracted from research
work that refers to commonly accepted e-learning stand-
ards, such as SCORM. Also, authors provide a starting
point for the development of a generic architecture for the
retrieval of standardized Learning Objects (LOs) from
disperse Learning Objects Repositories (LORs) to an e-
learning environment.

[32] Presents a new structure for Multi-Adaptive Learn-
ing Object Repository (MALOR) that is oriented towards
unified Web-based educational systems. In [11] the author
points out the difficulties and the opportunities of learning
objects [4] where metadata is a key element [6].

The authors of [21] developed an object identification
system called Active Atlas, which compares the objects
shared attributes in order to identify matching object.
Finally [30] points out the problem that LOM are an
XML-Based Development, which emphasizes on syntax
and format and is not semantically driven by knowledge
representation.

The presentation of the works above shows clearly that
efforts are jointed towards learning objects within the
adaptive systems. Most of the systems focus on two as-
pects of LO: reusability and granularity. On the other hand
those adaptive systems offer learning objects in an order
suitable for learners which create a sort of learning path
that respect their objectives, perquisites... None of those
works presented above questioned the cognitive level of
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the learning object, it is assumed that the proposed learn-
ing objects are valid for all learners, and it’s only a matter
of suitable sequence for everyone.

III. LEARNING OBJECT

Most proposed definitions of learning object focus on
the general principles governing concept of LO such as:
reusability in different situation for learning and the inde-
pendence of context [28]. Balatsoukas [17] gives a typical
example of the Polsani definition [8]. This author defines
a LO as a unit of content Learning independent and au-
tonomous, which is predisposed to be reuse in multiple
learning contexts. Other authors such as Bibeau [18] con-
siders LO as the smallest information unit or the smallest
processing tool information (or applications software)
used in an educational context with an intention teaching
for learning through the media technology. Flamand [14]
identifies three categories of LO. He distinguishes objects
with little media complex and context-free (video speech
of a head of state radio interview, etc.) utilitarian (model-
ing software, etc.) and LOs consisting of elements basic
information (facts, ideas, concepts, principles, processes).

Finally, other approaches such as those of Downes [9]
consider the LO size as important. Barron [7] trying to
consider this approach, suggests that five to nine infor-
mation objects (text, image, video, photos, etc.) can be
combined to form a LO. Other works of Mortimer [24]
undertaken in this direction approach the LO size in terms
of time. A LO takes no longer than 15 minutes to com-
plete.

In addition to these theoretical conceptualizations and
sometimes ambiguous, other definitions emerge from
various works on standardization (SCORM, LOM, IMS,
etc.). For IEEE Learning Technology Standards Commit-
tee, LO are defined as any entity, digital or non-digital,
which can be used, re-used or referenced during technolo-
gy supported learning. Normetic [10] adds to this defini-
tion the technological support that covers the multimedia
content, content instruction, educational software and
software tools mentioned in a learning context to support
technology. Finally, the center of Wisconsin online re-
sources [26] defines a LO as “small learning units with a
duration between 2 and 15 minutes”.

Similar efforts to develop a common conceptual defini-
tion of LOs have yet to emerge. There is a broad under-
standing among the members of the LO community about
the functional requirements of LOs:

* Accessibility: the LO should be tagged with metadata

so that it can be stored and referenced in a database.

* Reusability: once created, a LO should function in

different instructional contexts.

* Interoperability: the LO should be independent of

both the delivery media and knowledge management
systems.

A. The multiple definitions of a learning object

Currently, there are as many definitions of LOs as there

are users. Here is a small sample:

1. "For this standard (Draft Standard for Learning Ob-
Jject Metadata v6.1), a Learning Object is defined as
any entity, digital or non-digital, that may be used for
learning, education or training" (IEEE Learning
Technology Standards Committee 2001)
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2. "...a Learning Object... [is] 'any digital resource that
can be reused to support learning.' This definition in-
cludes anything that can be delivered across the net-
work on demand, be it large or small. Examples of
smaller reusable digital resources include digital im-
ages or photos, live data feeds (like stock tickers),
live or prerecorded video or audio snippets, small bits
of text, animations, and smaller web-delivered appli-
cations, like a Java calculator. Examples of larger re-
usable digital resources include entire web pages that
combine text, images and other media or applications
to deliver complete experiences, such as a complete
instructional event" [11].

3. "Learning Objects are a new way of thinking about
learning content. Traditionally, content comes in a
several hour chunk. Learning Objects are much
smaller units of learning, typically ranging from 2
minutes to 15 minutes [25].

4. "[A Learning Object] is defined as the smallest inde-
pendent structural experience that contains an objec-
tive, a learning activity and an assessment." [2].

B. Metada for learning object

Metadata is usually defined as “data about data”, any
kind of information that in some way references or de-
scribes aspects of some other piece of information.
Metadata is introduced in information management sys-
tems in order to support certain administrative operations,
including searching, displaying summaries or configuring
interfaces. In essence, metadata creates a level of indirec-
tion, allowing systems to manage resources without even
having to delve into their physical or digital internals.

In an e-learning context, metadata may consist of many
kinds of information about a learning object, from descrip-
tions and subject classifications to accessibility character-
istics and relations between learning objects. For example
learning objects metadata may be used by cataloguing
software for indexing, by learning management systems
for matching learners with relevant resources, and by
content players that configure the learning object to the
user’s environment and needs.

A robust metadata set would contain informations per-
taining to areas such as object lifecycle, technical re-
quirements, educational specifications, copyright and
classification. When looking for learning objects in a
repository, it is the information contained in the metadata
that is searched. Therefore consistency in specification
and application of metadata, across an organization or
community, facilitates searching. Having said that, a
learning object can be summarized as follows:

LEARNING OBJECT
Figure 1. A learning Object
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A learning object is combination of the content and the
metadata, here is below the key elements of a metadata.

—~
METADATA
~
~ ~ ~ ~
title descritpion  contributor date
~— ~— ~— ~—

Figure 2. Metadata elements

IV. DIFFERENTIATED PEDAGOGY

To differentiate is to break with a pedagogy that is
frontal, the same lessons, the same exercises etc...for all
learners. The goal is to put everyone in an optimal learn-
ing situation. This organization is to use all the education-
al resources available so that each learner is constantly or
at least very often confronted with the most fruitful teach-
ing situations for him.

A. Aspects of differentiation

According to Philippe Meiriu [3], it is essential to de-
fine a space in which the learning activity can be exer-
cised. A learning situation is built around three inter-
twined poles that are the learner, teacher and knowledge.
Meirieu emphasizes that the failure of some learning sit-
uations often is that it attaches importance to the two
components which are knowledge and teaching at the
expense of the third which is nevertheless the platform of
the whole building. The practice of differentiated peda-
gogy must consider each of these three areas, and its suc-
cess depends heavily on how they interacted.

B. Differentiation of content

The content of lessons may be differentiated based on
what learners already know. The most basic content of a
lesson should cover the standards of learning set by the
district or state. Some learners may be completely unfa-
miliar with the concepts in a lesson, while others may
have partial mastery of the content - or display mistaken
ideas about the content, and some others may show mas-
tery of the content before the lesson begins. The differen-
tiation of the content could happen by designing activities
for groups of learners that cover different areas of Bloom's
Taxonomy. For example, those who are unfamiliar with
the concepts may be required to complete tasks on the
lower levels of Bloom's Taxonomy: knowledge, compre-
hension, and application. Learners with partial mastery
may be asked to complete tasks in the application, analy-
sis and evaluation areas, and students who have high lev-
els of mastery may be asked to complete tasks in evalua-
tion and synthesis.

How to differentiate content?
a. Offer a variety of texts.
b. Use a variety of multimedia resources.
c. Extend the level of the didactic transposition;
d. Give more details of knowledge.
e. Etc....

V. THE ADAPTATION OF THE COURSE

In this section, we will discuss how a course should be
structured; the essential elements of a course are detailed
in the diagram below (Figure 3).
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Figure 3. Key elements of a course.

A course is a combination of 4 elements, examples, as-
sessments, exercises and the theoretical content.

A. The structure of the course

The course will contain multiple versions for each
learning object, it is therefore a quadruplet:

COURSE = {EXRC, EXMP, THCON, ASMT} (1)

Where:

EXRC represents a set of exercises (ER), each exercise
is presented in different versions.

EXMP is a set of examples (EM), each example is pre-
sented in different versions.

THCON andASMT represent respectively a set of theo-
retical content (TC) and assessments (AS), where each
one is presented in different versions.

EXRC= i ER where ER= LnJ Vi
EXMP= j EM where EM= LnJ Vi
THCON= i TC where TC= LnJ Vk

ASMT= i AS where AS= LnJ Vi

Where Vi, V;, Vi and V, are the different versions
available for each learning object.

The main reason behind the multiple versions of the
same course is the differentiated pedagogy, which is ac-
cording to [12] an approach of implementing a diverse set
of resources and teaching procedures and learning, to
enable students of different ages, abilities, skills and het-
erogeneous know-how to achieve, by different routes,
common objectives and ultimately academic success.

Also, to differentiate for [14] is to implement a flexible
framework where learning is explicit enough and diversi-
fied so that students can work on their own routes of own-
ership, while remaining in a collective educational process
of required knowledge and expertise, which also aligns
exactly with what suggests [13].

Finally the mathematical representation of the course is:

COURSE= E(UVz + U] vi+U e+
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B. The graphical representation of the course

We give in the chart below, a graphical representation
of a course.
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Figure 4. Example of a course.

The shapes in every level refer to the different versions
of a learning object, the layers represent ether the exercis-
es, examples, assessments or the Theoretical content. The
dashed lines represent some potential learning paths.

VI. THE MULTIPLE VERSIONS OF THE SAME LO

Taking into consideration the recommendation of the
differentiated pedagogy, and the course model proposed in
section 5, we choose to emphasize the following versions
of a learning object:

am LO gl VR

Figure 5. Versions of the same LO.

As the chart above shows, there are 4 different versions
for the same LO: VM, VR, VD and VA

a. VM: a multimedia version.

b. VR: a version with a reminder of the previous LO.
c. VD: a version with a deeper level of knowledge.
d. VA: a standard version.

Having presented a learning object as above, new in-
formations on the metadata should be added. The presen-
tation of the metadata presented in the section 3 becomes:

~
METADATA
~
~ -~ ~ -~ ~ -~
title descritpion  contributor date version index
~ ~ ~ ~r ~ ~r

Figure 6. Metadata elements after adding new versions.

As presented in the previous diagram, there are new el-
ements added to the metadata; version: this attribute con-
tains the LO version (VM, VD..), while index will incre-
ment according to the different hits for the learning object,
this index will help to not overload the system, as it will
serve for the future to eliminate from the system the ver-
sions with a low value of entry.
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VII. CONCLUSION

We presented in this paper an approach for creating
multiple versions of the same learning object based on the
differentiated pedagogy, we emphasized four types of
versions that are, VM, VD, VA, VR, those versions are
extensible in the system, we also introduced new infor-
mations in the metadata: version and index that are useful
to measure which versions have the most hits, in order to
remove less popular versions to avoid overloading the
system. This approach will be tested using the Chamilo
platform, which is an open source e-learning platform, and
the course used for this experiment is the algorithmic / C
language.
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