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Abstract e-Learning organizations are focusing heavily on
learning content reusability. The ultimate objective is a learn-
ing object economy characterized by searchable digital
libraries of reusable learning objects that can be exchanged
and reused across various learning systems. To enable such
approach, basic questions of learning content interopera-
bility need to be addressed. This paper investigates the inter-
operation of learning content defined according to different
specifications. A number of content models are reviewed that
define learning objects and their components. On the basis of
a comparative analysis, the content models are mapped to a
generic model for learning objects to address interoperability
questions and to enable share and reuse on a global scale.

Keywords Content models · Ontologies · Reusability ·
Interoperability

1 Introduction

Barriers and enablers for the reusability of learning objects
are important research topics in the learning technology com-
munity. In various publications, it is argued that reuse not
only saves time and money [11,34], but also enhances the
quality of digital learning experiences, resulting in efficient,
economic and effective learning [13].

There is an inverse relationship between the size of a
learning object and its reusability [45]. As the size of the
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learning object decreases (lower granularity), its potential for
reuse increases. Size is thus an important factor for enabling
successful learning object reuse. However, this size is only
vaguely defined by learning object definitions [35].

According to the learning object metadata (LOM) stan-
dard, a learning object is “any entity, digital or non-digital
that may be used for learning, education or training” [12].
This definition allows for an extremely wide variety of granu-
larities [35]. In one sense, this is appropriate, as there are
a number of common themes to content components of all
sizes. In another sense although this vagueness is problem-
atic, as it is clear that authoring, deployment and repurposing
are affected by the granularity of the learning object [13].

Learning object content models address this problem. The
models define different kinds of learning objects at differ-
ent levels of granularity and are based on the belief that we
can create independent and self-contained learning content,
which may be used alone or dynamically assembled, to pro-
vide “just enough” or “just-in-time” learning. On top of that,
these learning components can be combined to form longer
educational interactions or reused in different learning con-
texts [40].

However, there are many different content models and
learning object definitions across these models vary consi-
derably. Some models define learning objects as lessons,
while others relate learning objects to concepts, principles,
facts, procedures or processes. The heterogeneity of defini-
tions is a barrier for learning content reuse on a global scale,
as it is unclear whether content can be reused or repurposed
in a different context.

In an earlier work, we developed an abstract learning
object content model (ALOCOM) for content model inter-
operability [42]. On the basis of the definition of the NETg
[22], SCORM [37], Cisco [3] and Learnativity [44] con-
tent models, we specified a model that defines three general
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aggregation levels. The models were mapped to our model
to address interoperability questions.

In this paper, we present an extended version of this work.
Nine content models have been analyzed in detail. To enable
their interoperability, an ontology has been developed that
builds upon our earlier work. The abstract learning object
content model has been detailed, specifying content classi-
fications and relationships between content components and
mappings have been implemented between content models
according to the method introduced in [6]. The method has
three main stages:

− building a global ontology that covers existing content
models

− building local ontologies for each content model, and
− defining mappings between the ontologies.

Mappings can enable share and reuse of learning objects
across digital libraries. Learning object components stored
in an SCORM digital library can, for instance, be identified
and potentially repurposed in the context of a Cisco or NETg
learning system.

To facilitate the description and comparison of learning
object content models, we first briefly introduce content clas-
sification schemes that are used by the investigated content
models for defining granularity levels. In Sect. 3, the content
models that were included in the investigation are presented
and Sect. 4 presents a comparative analysis. The method
used for implementing mappings is described in Sect. 5. The
global ALOCOM content model is presented in Sect. 6, local
content model ontologies in Sect. 7 and mappings in Sect. 8.
How this work connects to RAMLET [31], an IEEE stan-
dard under development, is discussed in Sect. 9. Use cases
are described in Sect. 10 and related work is discussed in
Sect. 11. Finally, conclusions and remarks on future work
conclude this paper.

2 Background

Learning object content models define different levels of con-
tent components, the properties of these components, such
as granularity, and how these components can be aggre-
gated [35]. To define granularity levels, different classifica-
tion schemes are used by current content models, such as the
structured writing methodology developed by Horn [18] or
the classification of Ballstaedt [2]. To facilitate the descrip-
tion and comparison of content models, we briefly introduce
the classifications in this section.

2.1 Structured writing

The structured writing method of Horn [18] was developed
for instructional developers and business writers to prepare

clear and concise training manuals, proposals, reports and
memos. The methodology should enable managers, sales
people, office personnel, and technicians to learn new prod-
ucts, services, and operating procedures rapidly and pre-
cisely.

In the methodology, a paragraph is replaced by an infor-
mation block, a chunk of information that is organized around
a single subject, containing one clear purpose. Horn defined
200 types of information blocks, including analogy, block
diagram, checklist, classification list, classification table,
classification tree, comment, cycle chart, decision table, def-
inition, notation, objectives, outlines, parts-function table,
parts table, prerequisites to course, procedure table, purpose,
rule, synonym, and theorem.

In addition, a set of content analysis categories and ques-
tion types were defined based on seven information types
[17]:

1. Concept: A “concept” describes an abstract or generic
idea generalized from particular instances. A concept is
used for teaching a group of objects, symbols, ideas, or
events which are designated by a single word or term,
share a common feature and vary on irrelevant features
[3].

2. Fact: A “fact” provides information based on real occur-
rences; it describes an event or something that holds with-
out being a general rule [41].

3. Classification: A “classification” is a sorting of items into
categories. A typical example is “overview of technolo-
gies within medical imaging” [8].

4. Structure: A “structure” is a physical object or some-
thing that can be divided into parts and has boundaries.
A typical example is “the anatomy of the human brain”
[8].

5. Principle: A “principle” is a basic generalization that is
accepted as true and that can be used as a basis for rea-
soning or conduct [41].

6. Procedure: A “procedure” consists of a specified
sequence of steps or formal instructions to achieve an
end. Typical examples are “Euclid’s algorithm” or
“instructions to operate a machine” [3,41].

7. Process: A “process” describes a sequence of events. A
process provides information on a flow of events that
describes how something works and can involve several
actors. Typical examples are “the process of digestion”,
and “how a computer system responds to commands”
[3,41].

Guidelines were developed that identify which key infor-
mation blocks are necessary to fully understand a topic. The
underlying research focused on a deep understanding of the
basic units of a subject matter and provides an easy to under-
stand taxonomy. Developed in 1967, structured writing can
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claim to be the first to define and develop precise modular
information blocks that are firmly grounded in a taxonomy
of information types [17].

2.2 IEEE LOM

The IEEE Learning Object Metadata Standard [12] is a
widely adopted standard that specifies the syntax and seman-
tics of learning object metadata [7]. The standard contains
two elements that are relevant for describing learning object
granularity [35]: Aggregation levels and learning resource
types.
Aggregation levels are defined as an enumeration of four
types, identified by a number:

1. The smallest level of aggregation, e.g. raw media data or
fragments.

2. A collection of level 1 learning objects, e.g. a lesson.
3. A collection of level 2 learning objects, e.g. a course.
4. The largest level of granularity, e.g. a set of courses that

lead to a certificate.

Learning resource types describe specific kinds of learn-
ing objects by a predefined vocabulary. The following items
are included: exercise, simulation, questionnaire, diagram,
figure, graph, index, slide, table, narrative text, exam, exper-
iment, problem statement, self-assessment, and lecture.
Given its status as an internationally recognized, accredited
technical standard, the IEEE Learning Object Metadata Stan-
dard is emerging as the primary metadata standard for learn-
ing objects [46]. Many learning object content models use
LOM metadata for the description of content components.

2.3 Ballstaedt

Ballstaedt [2] provides a classification of knowledge rep-
resentations for paper-based educational books. The distinc-
tion is made between textual and non-textual representations.
Textual representations are categorized into oral and written
texts.
Written texts are further divided into the following cate-
gories:

1. Expository texts: these texts contain factual representa-
tions of the subject matter to be taught. Such texts may
contain definitions and explanations.

2. Narrative texts: narrative texts are subjective descriptions
of personal experiences related to some subject matter.

3. Instructions: instructions provide a detailed description
of how to perform a procedure step-by-step.

4. Supplementary didactic texts: these texts are didactically
motivated elements that support the learning process,
classified as learning objectives, advanced organizers,

summaries, examples, excursions, glossaries and self-
assessments.

Non-textual representations of learning content include
charts, tables, diagrams, figures, icons and maps.
In contrast to structured writing and IEEE LOM, the research
is not widely disseminated: only the dLCMS content model
[35] refers to the classification. The classification might be
useful in defining a global content model for learning objects,
although, as it is specifically targeted at classifying learning
content.

2.4 The component display theory

The component display theory of Merrill [26] classifies learn-
ing along two dimensions: content and performance. Four
types of content (concept, fact, principle and procedure) are
crossed with four types of learning performance (remember
generality, remember instance, use and find). The content
types are contained in the structured writing classification.

In addition, the theory specifies four primary presentation
forms: rules (expository presentation of a generality), exam-
ples (expository presentation of instances), recall (inquisitory
generality) and practice (inquisitory instance). Secondary
presentation forms include prerequisites, objectives, helps,
mnemonics and feedback.

The theory specifies that instruction is more effective to
the extent that it contains all necessary primary and secondary
forms. Thus, a complete lesson would consist of an objec-
tive, followed by a combination of rules, examples, recall,
practice, feedback, helps and mnemonics appropriate to the
subject matter and learning task. The theory suggests that
for a given objective and learner, there is a unique combina-
tion of presentation forms that results in the most effective
learning experience [26].

The component display theory provides the foundation for
Clark’s performance matrix [9]. Clark’s performance matrix,
along with Merrill’s component display theory, can help
designers classify instructional outcomes and are developed
in some content models, such as the Cisco [3] and Learna-
tivity [44] models.

3 Overview of learning object content models

In this section, nine content models are presented that were
included in the investigation. Models defined by some of the
major players in the e-Learning field are presented first, fol-
lowed by models that were developed for academic purposes.

3.1 NETg learning object model

NETg [22], the National Education Training Group, is a
Thomson Learning Company and worldwide leader in
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Fig. 1 An NETg course structure [40]

blended learning solutions. In NETg, a course is structured
as a matrix (Fig. 1) divided into three major components:
units (the vertical), lessons (the horizontal) and topics (the
cells) [40].

Each unit, lesson and topic in this structure is defined, in
part, by its relationship to the other components.

1. Course: Made up of units
2. Unit: Made up of lessons
3. Lesson: Made up of topics
4. Topic: Contains a single objective, a learning activity and

an assessment (see Fig. 2).

A topic is known as an NLO (NETg learning object),
which is defined as the smallest independent instructional
experience that contains an objective, a learning activity and
an assessment that measures the learning objective.

The term learning objective is an instructional design con-
cept that derives from the work of Mager [25], Gagne [16],
Dick and Carey [10], and others [32]. A learning objective is
a single measurable or verifiable step on the way to a learning
objective. Learning objectives say what a learner is expected
to do or learn and how an acceptable level of achievement
will be verified.

NETg is a member of the IMS Global Learning Consor-
tium and has assembled its own group of learning manage-
ment system (LMS) developers whose systems are being
designed to work with the NLO architecture. Using a tool
like NLO+, NETg content can be mixed and matched from
various courses to create a new course, tailored to the needs
of the learner. When the learner needs a piece of information,
she can navigate to the digital library, type in a request, and
get relevant NLOs. If the learner needs a full course on a
subject, the system will build a course based on the NLOs
needed [40].

Approximately 3,000 courses are currently available that
are NETg conformant. Course topics include Microsoft,
Cisco and Novell Certification training; networking; COBOL
and Java programming; databases; Web development; and
ecommerce implementation. These courses contain approxi-
mately 75,000 learning objects. Examples of learning objects,

Fig. 2 UML representation of the NETg learning object model

contained in an NETg course on Microsoft Windows 2003,
include “Exploring the Word window” and “Creating and
saving documents”. Such learning objects are designed to
take learners 5–7 min to complete and are available in an
NETg specific format.

3.2 Learnativity content model

The Learnativity foundation has developed a content model
that provides a comprehensive description of granularity [44].

The model defines a five level content hierarchy, as illus-
trated in Fig. 3:

1. “Raw” data and media elements are the smallest level
and relate to content elements that reside at a pure data
level. Examples include a single sentence or paragraph,
images, and animations.

2. An information object combines raw data and media ele-
ments and focuses on a single piece of information. Such
content might explain a concept, illustrate a principle, or
describe a process. Exercises are often considered to be
information objects.

3. Based on a single objective, information objects are
assembled into the third level of application objects. At
this level, reside learning objects in a more restricted
sense than the aforementioned definition of the LOM
standard suggests [13]. Learning objects are a collection
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Fig. 3 UML representation of
the Learnativity content model

of information objects and relate to a single learning
objective.

4. The fourth level refers to aggregate assemblies that deal
with larger (terminal) objectives. This level corresponds
with lessons or chapters.

5. Lessons or chapters can be assembled into larger collec-
tions, such as courses and curricula. The fifth level refers
to these collections.

The Learnativity model incorporates concepts found in struc-
tured writing [18] and the vocabulary of the LOM learning
resource type [12]. Themes found in Clark’s writings [9] and
in a corporate training white paper published by Cisco Sys-
tems [3] are developed in the Learnativity model [32].

The model has gained considerable acceptance in both
training and education communities. The model is used as a
basis for a model defined in the Reusable Learning Project
[32] and has been adopted by the NLII Learning Object Vir-
tual Community of Practice, which is now known as the Edu-
cause learning initiative (ELI) [14].

3.3 SCORM content model

The most widely implemented set of specifications, intended
to allow learning content to be developed independently of
a particular delivery platform, is the sharable content object
reference model (SCORM) [37], a collection of specifica-
tions and standards that is documented and maintained by the
advanced distributed learning initiative [1]. SCORM includes
a content aggregation model that features:

− Assets
− Sharable content objects (SCOs)
− Activities
− Content aggregations.

A UML representation of the SCORM content model is
shown in Fig. 4.

Fig. 4 UML representation of the SCORM content model

SCORM assets are raw data and media elements and infor-
mation objects in the Learnativity model. SCOs are self-
contained learning objects or learning components that meet
additional technical requirements needed for interoperabil-
ity with learning delivery platforms. To improve reusability,
an SCO should be independent of its learning context. For
example, an SCO could be reused in different learning expe-
riences to fulfill different learning objectives.

An activity aggregates SCOs and assets to form a higher
level unit of instruction that fulfills higher level learning
objectives. In the Learnativity content model, an activity
could be an aggregate assembly. An activity contained in
a Spanish course can, for instance, deal with the order of
adjectives. Examples of SCOs included in the lesson are an
explanation of the grammar, a practical exercise and a revi-
sion of the previously learned concepts [33]. Text, audio and
video fragments contained in the SCOs are the assets.

The Spanish course can be represented in an SCORM
content aggregation, containing the assets, SCOs, activities,
information on the order in which these should be delivered
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Fig. 5 UML representation of the Navy content model

and metadata about the entire aggregation and its individual
components. SCORM uses a technical specification devel-
oped by the IMS Global Learning Consortium to define the
format for content aggregations [19].

One of the aims of SCORM was to enable an “object
based” economy for learning objects that could be shared and
reused across the Department of Defense (DoD). According
to a February 2006 ADL survey of SCORM content within
the services, the Army Training Support Center has 161
SCORM conformant courses and 152 under development,
the Army Defense Language Institute has 1,230 SCORM
conformant lessons in 12 languages and 576 under develop-
ment, the Navy has an estimated 442 SCORM conformant
courses and 330 under development, and the Air Force has
168 SCORM conformant courses [5].

3.4 Navy content model (NCOM)

The Navy has refined the SCORM content model, providing
more specific content definitions for granularity levels that
are identified as critical for the Navy Interactive Learning
Environment [28]. As the model builds upon SCORM, Navy
content is SCORM compliant.

The Navy content model distinguishes between learning
object aggregations, terminal learning objects (TLOs),
enabling learning objects (ELOs), and assets (see Fig. 5):

1. A learning object aggregation is the top-level grouping
of related content, containing TLOs and ELOs.

2. A TLO is an aggregation of one or more ELOs. A TLO
satisfies one terminal objective and correlates to an
SCORM activity. Terminal learning objectives are typi-
cally associated with lessons.

3. An ELO is an aggregation of one or more assets. An
ELO satisfies one enabling objective and correlates to an
SCORM SCO. Examples include illustrations and exer-
cises.

Table 1 Relationship between the SCORM and NCOM hierarchy [28]

SCORM NCOM

Content aggregation Learning object aggregation

Activity Terminal learning object (TLO)

Sharable content object (SCO) Enabling learning object (ELO)

Asset (with metadata) Asset

4. An asset is a single text element or a single media ele-
ment (e.g. an assessment object, a video, and other data
elements).

A terminal objective is a major objective for a topic or
task, describing the overall learning outcome. An enabling
objective supports a terminal objective. Such an objective
describes specific behaviors (single activities) that must be
learned or performed.

The Navy content model uses SCORM as its foundation.
Table 1 presents the relationship between the SCORM and
NCOM hierarchy. NCOM correlates a single enabling objec-
tive to an SCO and a single terminal objective to an SCORM
activity. ELO and TLO content is thus more restrictive.

3.5 Cisco RLO/RIO model

Cisco Systems, Inc. [3] has also adopted an object-based
strategy for developing and delivering learning content. Cisco
defines lessons as reusable learning objects (RLOs) and top-
ics, of the lesson, as reusable information objects (RIOs).

Reusable information objects relate to a single learning
objective and contain content, practice, and assessment items.
Cisco further classifies each RIO as a concept, fact, pro-
cedure, process, or principle. Content items are classified
as a definition, example, review, next steps, analogy, topol-
ogy illustration, block diagrams, additional resources, cycle
charts, instructor notes, introduction, principle statement,
illustration, importance, outline, fact list, objectives, non-
example, table, job-based scenario, prerequisites, guideline,
procedure table, decision table, demonstration, staged table,
or combined table.

To build a lesson or RLO, five to nine RIOs are grouped
together with an overview and summary (see Fig. 6).

The RLO–RIO strategy provides detailed guidelines to
build RLOs and RIOs. For RIO types, and RLO overviews
and summaries, the guidelines describe which content items
are required and which may be used optionally (see Table 2).

An RIO can function as an independent learning compo-
nent that can be called up by a learner who needs a specific
piece of information. Or a learner can summon an RLO for a
more in-depth learning experience. RLOs can be sequenced
to create a course on a particular subject. And RIOs can be
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Fig. 6 The RLO and RIO structure [3]

combined together to build custom RLOs that meet the needs
of individual learners [40].

When learners want to take a “lesson” or reference a “job
aid”, they request the raw items that make up the RLO and
RIO from the digital library. Format and style sheets are then
applied to the objects as they are packaged and delivered
to the learner’s Web browser. Because RLOs and RIOs are
stored free of format and style, they can be packaged using
style sheets and templates specific for instructor-led training
delivery.

The Cisco model is grounded in the learning object think-
ing of Merrill [26] and Clark [9]. RIO and RLO classifica-
tions and guidelines for their construction are based on the
structured writing methodology developed by Horn [18].

An RIO correlates to an NETg topic, an SCORM SCO,
and an NCOM ELO. Content items relate to NCOM and
SCORM assets and both raw data and media elements and
information objects in Learnativity. An RLO correlates to
Learnativity aggregate assemblies and NETg lessons. RLOs
can be combined to form units and courses.

3.6 dLCMS component model

The dynamic learning content management system (dLCMS)
project [35] aims to provide a modularization strategy

combined with structured markup to enhance the reusabil-
ity of learning content.

A component model is included that defines three aggre-
gation levels (see Fig. 7):

1. Assets are media elements, such as images, videos, ani-
mations, or simulations. They are binary data objects,
which cannot easily be divided into smaller components.
They contain pictorial or auditory information, which
can be static (image and graph) or dynamic (video, audio
and animation).

2. Content elements are defined as small, modular pieces
of learning content, which: (1) serve as basic building
blocks of learning content, (2) can be aggregated into
larger, didactically sound learning units, (3) are self-
contained, (4) are based on a single didactic content type,
(5) are reusable in multiple instructional contexts, and (6)
may contain assets. Examples include exercises, experi-
ments, questionnaires and summaries.

3. A learning unit is defined as an aggregation of content
elements, which is presented to the learner. Typically, a
learning unit serves as an online lesson and may be used
to teach several learning objectives. A learning unit pro-
vides a way to define a chapter-like, hierarchical struc-
ture of nodes. Each node will be associated with a content
element through reference. The content elements are not
copied into the learning unit, but are referenced by links.
The component model does not define any further levels
for the aggregation of learning units.

The dLCMS model defines a set of content elements cat-
egories that are related to Gagné’s nine instructional events
(see Table 3).

The content categories are based on the classification of
Ballstaedt1 [2], the vocabulary of the LOM learning resource
type2 [12] and ContentModule types of LMML3 (see
Sect. 3.9) [39]. Literature is added to the classification.

The dLCMS model provides a well-defined hierarchy of
learning object content: Assets are assembled into content
elements and content elements are assembled into learning

Table 2 Overview of content items to be used for RIO types, RLO overview and RLO summary ([35]; (r) = required, (o) = optional)

RLO–RIO type Content items

RLO overview Introduction (r), importance (r), objectives (r), prerequisites (r), scenario (o), outline (r)

RLO summary Review (r), next steps (o), additional resources (o)

Concept RIO Introduction (r), facts (o), definition (r), example (r), non-example (o), analogy (o), instructor notes (o)

Fact RIO Introduction (r), facts (r), instructor notes (o)

Procedure RIO Introduction (r), facts (o), procedure table (r), decision table (r), combined table (r), demonstration (o), instructor notes (o)

Process RIO Introduction (r), facts (o), staged table (r), block diagrams (r), cycle charts (r), instructor notes (o)

Principle RIO Introduction (r), facts (o), principle statement (o), guidelines (r), example (r), non-example (o), analogy (o), instructor notes (o)
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Fig. 7 UML representation of the dLCMS component model

units. Learning units may be of any size and may be used
for multiple learning objectives. dLCMS does not define a
learning object level that relates to a single learning objective.

The model has been developed for academic purposes. A
prototype demonstrates how to handle and process modular
learning content that is compliant to the dLCMS model. The
implementation supports learning object authoring, storage,
assembly and linking, and publishing and export functional-
ities.

3.7 New economy didactical model

Another content model developed for academic environments
is the new economy didactical model [24], developed in the
context of the New Economy research project, which is sup-
ported by the German Federal Ministry for Education and

Research. The aim of the project is the creation of new cur-
ricula and the development of interactive multimedia-based
material for online and blended learning MBA studies. The
project partners belong to seven German Universities and
research institutes.

The model defines eight component types, as shown in
Fig. 8:

1. An information object is defined as a small learning
object, without complex logical structures, which sums
up physical media (picture, video, and text) to didacti-
cally appropriate units.

2. A learning component is defined as a small learning
object that combines a small number of information
objects, to form one of the following features: motiva-
tion, basic knowledge or theory, example, exercise, ref-
erences, further material, open questions, problems, and
virtual laboratory.

3. A learning module is defined as a logical structure with
a didactic aim, consisting of individual learning compo-
nents. A learning module is related to a Cisco RLO or
lesson.

4. A learning unit is defined as a structure designed to medi-
ate complex content. A learning unit combines learning
modules and learning components. An example is a case
study containing three learning modules, combined with
a virtual laboratory.

5. A course combines learning modules and learning units
and can be part of a curriculum.

6. A curriculum is a composition of courses and learning
units according to one or more academic specifications.

7. A learning path is a structure consisting of learning mod-
ules and learning units that can be individually adjusted
to the learner.

8. A sequence is defined as a result of individual research
within different digital libraries, to extend personal
knowledge. It is part of the informal, but organized, learn-
ing procedure.

Table 3 Classification of didactic content types and their possible relations to Gagné’s nine instructional events [35]

Instructional event Related didactic content type

Gaining attention Example13, problem statement2

Informing learners of the objective Learning objective1

Stimulating recall of prior learning Advanced organizer1

Presenting the stimulus Expository text1, definition3, narrative text12, instruction1

Providing learner guidance Example13, excursion1, glossary1, literature, experiment2

Eliciting performance Exercise123, self-assessment2, simulation2

Providing feedback (Feedback of self-assessment and simulations)

Assessing performance Questionnaire2

Enhancing retention and transfer Summary1
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Fig. 8 UML representation of the new economy didactical model

In addition, the following characteristics are defined (see
Table 4):

1. Number of combined elements describes the number of
individual elements, such as video clips, pictures, or texts
that are combined.

2. Type of the combined objects describes types of the
learning objects, which can be combined, to form this
learning object.

3. Relationship logical structure/contents: describes the
portion of logical structures in relation to contentwise
elements.

4. Possible didactical learning model manufactures the con-
nection between learning object and learning theory.

5. Reusability in other learning objects describes the pos-
sibility of reuse within other learning objects.

6. Reusability in other contexts describes the possibility of
the use of learning objects in other domains.

From a content perspective, six aggregation levels are
defined. Learning path and sequence are pure structural ele-
ments. According to the authors of the model, an information
object correlates to a Learnativity information object, a learn-
ing component to a Cisco RIO and a learning module to a
Cisco RLO.

The defined characteristics derive from the work of Wiley
[45]. The classifications are based on the didactical concept
of problem based learning.

The new economy project is the conceptual design and
implementation of a multimedia-based curriculum for online
classes regarding new economy in the fields of economics,
media and communications as well as computer sciences.
Modules of the curriculum should be established in high pro-
file teaching as well as being available for workshops and for

Fig. 9 UML representation of the semantic learning model

distance learning. Integration of the program into regular lec-
tures is intended.

3.8 Semantic learning model (SLM)

The semantic learning model is aimed at supporting decom-
position of learning objects and has been developed for aca-
demic purposes [15].

The model is illustrated in Fig. 9 and defines under six
categories:

1. The lowest granularity level is an asset. Assets can be
pictures, illustrations, diagrams, audio and video files,
animations, and text fragments.

2. Pedagogical information is defined as “a group of assets
that express the same meaning”. An example is a figure
associated with a comment.

3. A pedagogical entity is defined as “a pedagogical infor-
mation component, associated with a pedagogical role”.
Four roles are defined: concept, argument, solved prob-
lem and simple text.

4. A pedagogical context is defined as “a semantic structure
(or network) in which pedagogical entities are grouped”.

5. A pedagogical document contains a pedagogical context,
associated with prerequisites.

6. Many pedagogical documents are grouped to make a cur-
riculum. This group is called pedagogical schema

From a content perspective, four aggregation levels are
defined. A pedagogical entity and a pedagogical document
represent respectively a single pedagogical information com-
ponent and a single pedagogical context. Pedagogical roles
and prerequisites are added as metadata.

According to the authors of the model, an asset correlates
to a Learnativity raw data and media element, a pedagogical
information component to a Learnativity information object,
a pedagogical entity to a Learnativity application object, a
pedagogical context to a Learnativity aggregate assembly and
a pedagogical document to a Learnativity collection.
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3.9 PaKMaS

The Passauer knowledge management system (PaKMaS)
[39] is an hypermedia content management system that pro-
vides search, editing, evaluation and exchange facilities for
learning material for teachers and students.

A content model is defined that distinguishes between
media objects, content modules, and structuring modules (see
Fig. 10).

− Media objects are defined at the lowest granularity level.
Such elements are classified as text, audio, animations
and images.

− Content modules contain media objects and are classified
as motivations, definitions, remarks, paragraphs, exam-
ples, exercises, and illustrations. Their content can be
structured as lists or tables.

− Content modules are grouped into structuring modules
that realize multiple teaching strategies. Their content
is structured into sections and collections. Structuring
modules are categorized into GuidedTours, collections,
glossaries and indexes.

The model defines its own classification. Some of the con-
cepts can be found in structured writing (definition, remark,
and example) [18], the classification of Ballstaedt (example
and glossary) [2] and the vocabulary of the learning resource
type in IEEE LOM (exercise and index) [12].

A knowledge management system has been developed
that provides search, editing, evaluation and exchange facil-
ities for learning objects. Content modules and structuring
modules are stored in LMML (learning material markup lan-
guage) documents [39] or CMI software components. The
model is used in university education, further education and
company training.

4 Comparative analysis

Table 5 aligns content model aggregation levels. The NETg
learning object model consists of four levels. The model spec-
ifies three levels for the aggregation of learning objects, or
topics, but provides only an abstract definition of their con-
tent, as no learning object components are defined.

The other models define learning object components in
one or two levels. SCORM, NCOM, Cisco, and new economy
define one level. Cisco describes the content types of this level
conceptually, but no specification is given from a technical
point of view [35]. The models seem to agree that this level
consists of individual, reusable, resources. In SCORM, assets
can aggregate other assets too.

The Learnativity, SLM, PaKMaS and dLCMS models
define a second level for learning object components that

Fig. 10 UML representation of the PaKMaS model

aggregates first level components. The models define this
component level as an aggregation of assets that focus on a
single piece of information, but not necessarily relating to a
specific learning objective.

The dLCMS and PaKMaS models define learning objects
as aggregations that relate to one or more learning objectives.
The other content models define learning objects consistently
as content aggregations that relate to a single learning objec-
tive. These models define aggregations of learning objects
into an additional level that relates to multiple or larger learn-
ing objectives. Lessons are commonly associated with this
aggregation level. Learnativity, NCOM, and SCORM define
a third aggregation level for learning objects, representing
courses and curricula. Finally, the NETg and new economy
models define a content hierarchy for this granularity level
(unit, course and learning unit, course, and curriculum,
respectively).

5 Ontology-based approach for content model
interoperability

Learning object definitions provided by the reviewed content
models vary considerably:

− Granularity is defined in three to six levels,
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− different terms are used to refer to the same concept: a
Learnativity information object is, for instance, equiva-
lent to a PaKMaS content module,

− different classifications are used: derived from struc-
tured writing [18], LOM [12] and the classification of
Ballstaedt [2], and

− different constraints on content levels are imposed. For
example, Cisco defines learning object content strictly
as an aggregation of 7±2 RIOs.

The interoperation of learning content is essential for
enabling a learning object economy characterized by search-
able digital libraries of reusable learning objects that can
be exchanged and reused across various learning systems.
Ontologies offer a great potential in enabling such interop-
erability. Contents, essential properties and relationships can
be expressed and mappings or equivalences can be defined
between models. In [6], a method is introduced to integrate
data using ontologies. The method is illustrated in Fig. 11
and has three main stages:

− building a global ontology that covers the content mod-
els,

− building local content model ontologies, and
− defining mappings between the models.

The rest of this section briefly explains the method and
how we used it for content model integration.

5.1 First stage: building the global ontology

This stage contains three main steps: analysis of models,
search for terms and defining the global model. The analysis
has been presented in Sects. 3 and 4. The global model should
define the different granularity levels and their interrelation-
ships. Also content classifications defined for granularity

Fig. 11 Ontology construction method [6]

levels should be represented. We develop such a model in
the next section.

5.2 Second stage: building local ontologies

In this stage, an independent analysis of each content model is
made, without taking the other content models into account.
An ontology is created for each content model, defining its
own classes and relationships according to the specification
of the model. Section 7 illustrates the development of local
ontologies.

5.3 Third stage: defining mappings

In this stage, mappings (and relationships) are defined
between the classes defined in the global ontology and classes
defined in the local ontologies. This stage must solve het-
erogeneity problems, making connections between the two
stages. Such mappings are presented in Sect. 8.

Table 5 Content model comparison

Learning object component Learning object

CF CO Single-objective Larger objective LO aggregations

SCORM Asset SCO Activity Content aggregation

NETg Topic Lesson Unit Course

Learnativity Raw media Information object Application object Aggregate assembly Collection

NCOM Asset ELO TLO Learning object aggregation

Cisco Content item RIO RLO

New economy Information object Learning component Learning module Learning unit Course Curriculum

SLM Asset Pedagogical information Pedagogical entity Pedagogical context Pedagogical document Pedagogical schema

PaKMaS Media object Content module Structuring modules

dLCMS Asset Content element Learning unit
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6 The ALOCOM model

A global content model should define the different granular-
ity levels that are present in current content models and their
interrelationships. We developed such a model in the ontol-
ogy language OWL [4], as we use ontologies as a means to
implement content model mappings.

To define granularity levels, we applied a top-down
approach. Starting from the aligned content model repre-
sentation presented in Table 5, we defined learning object
granularity levels in a hierarchical structure. These granular-
ity levels are presented in Sect. 6.1. Relationships between
the levels are detailed in Sect. 6.2. In the next step, concept
hierarchies were defined for the aggregation levels. For defin-
ing these taxonomies, we investigated different classification
schemes and the extent in which they are used by the content
models. The content classifications are detailed in Sect. 6.3,
followed by a brief discussion on the content model creation
process.

6.1 Granularity levels

As indicated in the aligned content model representation pre-
sented in Table 5, the distinction should be made between
learning object components and learning objects. These top-
level granularity levels correspond, for instance, to SCORM
assets and PaKMaS structuring modules. Both learning object
components and learning objects are further subdivided to
represent narrower granularity definitions of other content
models. Two subclasses are defined for learning object com-
ponents that correspond to the component granularity levels
of Learnativity, dLCMS, PaKMaS and SLM. Three sub-
classes are defined for learning objects. Figure 12 present
the hierarchy.
Learning object components are subdivided into:

1. Content fragments, defined as individual content compo-
nents such as text, images, audio and video fragments.

2. Content objects, defined as learning object components
that aggregate content fragments. Content objects focus
on a single piece of information and can be used to
explain a concept, illustrate a principle, or describe a
process.

Learning objects are subdivided into:

1. Single-objective LOs, defined as aggregations of learn-
ing object components that relate to a single learning
objective. Examples are concepts, facts, principles,
processes and procedures.

2. Larger objective LOs aggregate single-objective LOs and
relate to larger learning objectives. Examples are chap-
ters and lessons.

3. LO aggregations represent the largest granularity level
for learning objects. Units, courses and curricula are
defined as sub-classes of LO aggregations. Such hier-
archies are, for instances, represented in the NETg and
new economy content models.

How these aggregation layers correspond to granularity lev-
els of the reviewed content models is detailed in Sect. 8.

6.2 Relationships

Aggregation relationships are defined in the form of
“hasPart” and “isPartOf” properties. Content fragments are
aggregated by content objects. Both content fragments and
content objects are aggregated by learning objects and learn-
ing objects also aggregate other learning objects. Single-
objective LOs are aggregated by larger objective LOs and
both single and larger objective LOs are aggregated by LO-
aggregations.

6.3 Content classifications

Classifications have been defined for content fragments, con-
tent objects and single-objective LOs. The classifications are
detailed in the rest of this section.

6.3.1 Content fragments

The ALOCOM model defines content fragments at the low-
est level of granularity. Content fragments are uncombined
content components that are digital representations of media.
These components are commonly classified as [29]:

− Text
− Graphic: examples are photographs, diagrams, graphs,

symbols, maps, pictographs, timelines, charts, etc.
− Animation
− Video
− Audio.

None of the content models define a complete classification
for content fragments. Instead, the component types are used
as examples.

6.3.2 Content objects

Content models use (part of) the following classification
schemes to define content objects:

− the vocabulary of the learning resource type in IEEE
LOM [12],

− the classification of Ballstaedt [2], and
− structured writing [18].
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Fig. 12 The ALOCOM
aggregation levels

Cisco, dLCMS, PaKMaS, new economy and Learnativity
use part of this structured writing classification. Cisco uses a
subset that contains 29 of the 200 defined component types:
overview, summary, definition, example, review, analogy,
topology illustration, next steps, block diagrams, additional
resources, cycle charts, instructor notes, introduction, prin-
ciple statement, illustration, importance, outline, fact list,
objectives, non-example, table, job-based scenario, prerequi-
sites, guideline, procedure table, decision table, demonstra-
tion, staged table, and combined table. The new economy
model uses examples, references, and further material that
relates to additional resources. dLCMS uses objectives, sum-
maries, examples and definitions, and PaKMaS uses defini-
tions, remarks, examples, and illustrations. Learnativity uses
the classification to exemplify information objects, but no
precise specification of component types suitable for defin-
ing learning content is provided.

The IEEE Learning Object Metadata Standard [12] defines
a vocabulary for learning resources types that is partially
used by the dLCMS, PaKMaS, Learnativity and new econ-
omy content models. Exercises, simulations, questionnaires,
narrative text, experiments, problem statements and self-
assessments are used by the dLCMS content model. Exer-
cises can be found in PaKMaS and exercises and simulations
can be found in the Learnativity model. Finally, problem
statements, simulations and exercises can be found in the
new economy model.

The classification of Ballsteadt is used by the dLCMS
model. The new economy content model uses the term theory
or basic knowledge to denote advanced organizers. Finally,
the following concepts are used by the dLCMS and/or new
economy content models that are not represented in the
structured writing, Ballstaedt or LOM learning resource type
classifications: motivation, open question, paragraph, and lit-
erature. The content object classification defined in the global
content model represents the union of these used concepts,

and is shown in Fig. 13. The combination of these elements
is briefly discussed in Sect. 6.4.

6.3.3 Learning objects

Single-objective LOs are commonly classified as concepts,
facts, principles, processes and procedures. These content
types derive from the work of Horn [16], who defined seven
information types: concept, fact, classification, structure,
principle, procedure and process. None of the content mod-
els explicitly define structure and classification as learning
object types.

Current content models do not classify larger objective
learning objects. The only examples that can be found are
lessons and chapters. Hierarchies for LO aggregations, such
as unit, course, curriculum, are defined by some models.

6.4 Discussion

Constructing a global content model that covers existing con-
tent models is a complex task, as different interpretations of
learning object granularity need to be integrated. Some con-
tent models define few granularity levels, each covering a
wide variety of learning objects, while others employ nar-
row granularity definitions in multiple layers.

To combine both broad and narrow approaches, we defined
a hierarchical granularity structure. The aim of such structure
is to enable one-to-one content model mappings. A content
model that distinguishes between single and larger objective
learning objects can find corresponding classes at the sec-
ond level. Content models that employ a single granularity
definition for learning objects can map these objects to the
top-level learning object class. Mapping details that validate
the approach can be found in Sect. 8.

For defining content classifications, we combined the
concepts that are used by the reviewed content models.
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Fig. 13 The ALOCOM model

Single-objective learning objects are commonly categorized
into five content types. Content objects, on the other hand,
have diverse classifications that are based on structured writ-
ing, the classification of Ballsteadt and IEEE LOM. As the
classifications overlap to some extent and use the same terms
to denote equivalent concepts, we merged the concepts into a
global taxonomy. New concepts, introduced by the dLCMS
and PaKMaS models, were also added. This merged taxon-
omy is definitely not the only or the “perfect” classification
approach. However, it is a first step in the support of a global
content model for learning objects and can adequately cover
existing definitions. Further research is required to determine
to which extent this classification can cover learning content
in every subject matter.

7 Local ontologies

In the second stage of the method, local ontologies are defined
for each content model, representing concepts and relation-
ships defined by the model. The local ontology of the Cisco
model is detailed in this section. Other local ontologies are
defined analogously. Their UML representations can be
found in Sect. 3.

7.1 The Cisco ontology

The Cisco ontology defines Cisco components and their inter-
relationships. An excerpt of the UML representation of the
ontology is shown in Fig. 14. Concepts, concept hierarchies
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and aggregation relationships are represented in the UML
diagram, and in other UML diagrams presented throughout
this paper. Constraints imposed on content components are
presented in the axiom set below and are expressed in first-
order logic. The constraints indicate, for instance, that a Cisco
concept should contain an introduction, definition and exam-
ple, and may contain a fact list, non-example, analogy and
instructor notes. Cardinality constraints are included in the
UML diagrams.

AO = {∀x .Concept (x) ∧ ∀y.haspart (x, y) → I ntroduction(y)

∨ f act_list (y) ∨ de f ini tion(y) ∨ example(y) ∨ non − example(y)

∨analogy(y) ∨ instructor_note(y),

∀x .Overview(x) ∧ ∀y.haspart (x, y) → I ntroduction(y) ∨ import.(y)

∨objectives(y) ∨ prerequisi tes(y) ∨ scenario(y) ∨ outline(y),

∀x .Summar y(x) ∧ ∀y.haspart (x, y) → Review(y)∨
next_steps(y) ∨ additional_resources(y),

∀x .RL O(x) ∧ ∀y.haspart (x, y) → Overview(y)∨
Summar y(y) ∨ RI O(y),

∃<10 y.haspart (x, y) ∧ RI O(y) ∧ RL O(x),

∃>4 y.haspart (x, y) ∧ RI O(y) ∧ RL O(x),

∀x .Concept (x) → ∃y.I ntroduction(y) ∧ ∃z.Def ini tion(z)

∧∃w.Example(w)...}

8 Mappings

In the last step, ontology mappings are defined between the
global ALOCOM model and local content model ontologies.

Ontology mappings are often defined as: “Given two
ontologies A and B, mapping one ontology with another
means that for each concept in ontology A, we try to find a
corresponding concept, which has the same or similar seman-
tics, in ontology B and vice versa.” [38]

Formally, an ontology mapping function can be defined
as:

− map: Oi 1 → Oi 2
− map(ei 1 j1) = ei 2 j2 , if sim(ei 1 j1, ei 2 j2) > t , with t

being the threshold, entity ei 1 j1 is mapped to ei 2 j2

Mappings defined between the global ALOCOM ontology
and local content model ontologies are bi-directional. The
complete content object and learning object mappings are
presented in Figs. 15 and 16. The content fragment mapping
is not shown, as most content models use similar terms to
denote these component types (text, audio, video, animation,
etc.).

8.1 Learning object component mappings

Cisco content items, SCORM assets and NCOM assets
are mapped to the ALOCOM LO_component class, as the

granularity levels constitute both ALOCOM content_
fragments (e.g. block diagram and cycle chart in Cisco) and
ALOCOM content_objects, such as examples, definitions,
introductions and demonstrations.

Learnativity raw data and media elements, dLCMS assets,
PaKMaS media objects, and SLM assets are equivalent to
ALOCOM content fragments. Learnativity information
objects, PaKMaS content modules, SLM pedagogical infor-
mation elements, new economy information objects and
dLCMS content elements are equivalent to ALOCOM con-
tent objects.

Content object subclasses are often represented with the
same name. Semantically related concepts are, amongst
others:

− alocom:simulation → neweconomy:virtual_laboratory
− alocom:overview → neweconomy:basic_knowledge
− alocom:overview → dlcms:advanced_organizer
− alocom:remark → cisco:instructor_note.

8.2 Learning object mappings

SCORM SCOs, NETg topics, NCOM ELOs, Cisco RIOs,
Learnativity application objects, and SLM pedagogical enti-
ties relate to single learning objectives and are mapped to
the ALOCOM single_objective_LO class. ALOCOM sin-
gle_objective_LO subclasses have equivalent Cisco (and
Learnativity) classes.

According to the authors of the new economy content
model, new ecomomy learning components relate to Cisco
RIOs and would have to be mapped to the ALOCOM sin-
gle_objective_LO class. However, if we consider the content
elements that a new economy learning component constitutes
(motivation, theory, example, exercise, references, further
material, open questions, problems, and virtual laboratory),
the elements relate to ALOCOM content_objects. To resolve
the inconsistency, new economy learning components are
mapped to the union of ALOCOM content_objects and sin-
gle_objective_LOs.

SCORM activities, Learnativity aggregate assemblies,
NCOM TLOs, Cisco RLOs, SLM pedagogical contexts and
new economy learning modules represent LOs relating to
several or larger objectives and are mapped to the ALOCOM
larger_objective_LO class.

NCOM LO Aggregations, SLM pedagogical documents
and SCORM content aggregations are semantically equiv-
alent to ALOCOM LO_aggregations. Classifications of this
top level granularity level are similar in most content models.
The NETg and new economy hierarchies unit, course and
unit, course, curriculum are represented in ALOCOM and
are mapped to their equivalent classes. An SLM pedagogical
schema is mapped to the ALOCOM curriculum class. Finally,
the PaKMaS structuring module and dLCMS learning unit
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Fig. 14 UML representation of
the Cisco RLO–RIO model

classes are mapped to the ALOCOM learning_object super-
class, as no distinction is made between single and larger
objective learning objects.

8.3 Discussion

Most content models map easily onto the ALOCOM model.
The Cisco, NETg, NCOM, Learnativity, dLCMS, and PaK-
MaS content models provide clear granularity definitions and
examples that facilitated their analysis, the construction of
the global ALOCOM content model and the implementation
of mappings. Some difficulties were encountered in mapping
the SCORM, SLM and new economy content models:

− SCORM defines assets as its basic building blocks, SCOs
as aggregations of one or more assets and activities as
aggregations of one or more SCOs or assets. SCOs are
intended to be subjectively small units, such that poten-
tial reuse in different learning experiences, to fulfill dif-
ferent learning objectives, is feasible. Activities are
intended to form a higher level unit of instruction that
fulfills higher level learning objectives.
On the basis of this intended use, SCORM can be mapped
to ALOCOM. However, SCORM components do not
have to comply with these guidelines. Strictly speaking,

the only difference between an Asset and an SCO is that
an SCO communicates with an LMS. SCORM claims
to be neutral about the complexity of content: content
aggregations or activities can range from a few lines of
text to highly interactive learning resources. Applying
these broad definitions, the SCORM to ALOCOM map-
ping might not be valid.

− The definition of content components in SLM is rather
fuzzy: six aggregation levels are defined, but only four
can aggregate more than one content component. Fur-
thermore, it is unclear what is meant by the definition
of a pedagogical context, i.e. “a semantic structure in
which pedagogical entities are grouped”. The lack of
precise definitions and examples were a bottleneck in
the analysis of the content model. For mapping the SLM
content model, we solely relied on its relationship to the
Learnativity content model as proposed by the authors.

− As indicated in Sect. 8.2, the definition of new econ-
omy learning components is somewhat contradictory.
The authors define learning components as motivations,
theories, examples, exercises, references, further mater-
ial, open questions, problems, and virtual laboratories. In
addition, they relate the component type to Cisco RIOs
that constitute concepts, facts, principles, processes and
procedures. To resolve the inconsistency, we mapped
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Fig. 15 Learning object
component mappings
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Fig. 16 Learning object
mappings

the component type to the union of ALOCOM content
objects and ALOCOM single objective LOs.

9 RAMLET

Learning object content models define learning objects at
a conceptual level, specifying component types at different
levels of granularity and their interrelationships. To deliver
learning objects to an LMS, many content packaging for-
mats have been specified, such as IMS CP [19], METS [27]
and MPEG-21 DIDL [21] formats. Each of them is based
on the idea of a central XML file that either references or

contains the content files that make up the package, embody-
ing a structured inventory of the content of the package.

RAMLET [31] is a project that is developing a reference
model for such content packaging formats and is aimed at
facilitating their interoperability by enabling the interpreta-
tion of their external representations and properties. Com-
mon structural concepts and their properties are defined in
the RAMLET model. For instance, each aggregation format
defines a TopNode element that is the highest level of aggre-
gation. In IMS CP, this concept is represented by a manifest
element; in MPEG-21 DIDL by a container element; and in
METS by a structMap element. A common structural con-
cept TopNode is defined in the RAMLET model, and the CP
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Fig. 17 RAMLET–ALOCOM relation

manifest element, the MPEG-21 DID container element and
the METS StructMap element are mapped to the TopNode
element in RAMLET to indicate their equality.

The RAMLET reference model provides a standard way
to structure and exchange learning content, but is not con-
cerned with relationships between the learning object compo-
nents contained in the package or learning object component
types [31]. For instance, a concept learning object and its
components, such as introduction, definition, fact, example,
non-example, analogy and note in a Cisco context, will all
be represented as a resource in the RAMLET model.

Figure 17 illustrates the relation between the RAMLET
and ALOCOM models in the context of SCORM. In gen-
eral, ALOCOM describes the types of learning object com-
ponents used in a content package and their interrelations,
while RAMLET defines how to package these components
to provide successful exchange from system to system.

Certain overlaps exist between the structural descriptions
provided by RAMLET and the content definitions of the
ALOCOM model. Both models contain a content aggrega-
tion element. In the RAMLET model, this element is a static
structure that contains an identifier, a title, metadata and item
elements that reference resources. In the ALOCOM model,
a content aggregation combines activities, and an activity
combines two types of learning resources, SCOs and assets.
Activities, SCOs and assets are content model components
and are not represented in RAMLET.

10 Usage scenario

Implementing content model mappings is useful in several
ways. First of all, share and reuse of learning object compo-
nents is enabled across systems. For instance, an LMS using
SCORM content can be aligned with a Cisco digital library
at the content level (see use case 1 in Fig. 18). Equivalent

components can be identified and potentially repurposed
within different contexts.

Secondly, the ontology is useful as an underlying com-
ponent model for a global learning object digital library. A
decomposition architecture can deconstruct learning objects
from different origins according to the ALOCOM model. The
availability of these components enables reuse on a global
scale. Authoring systems can connect to the digital library,
enabling on-the-fly retrieval of relevant components from
within authoring tools.

We developed such architecture that supports the approach
for both structured learning objects, such as learning objects
available in SCORM, and unstructured or semi-structured
learning objects, such as presentations or web pages [43].
The architecture supports decomposition of composite learn-
ing objects into ALOCOM components and stores the com-
ponents individually into the digital library, enriched with
metadata. Component types and relationships between com-
ponents are stored in the metadata instance.

Furthermore, on-the-fly access to these components is pro-
vided from within mainstream authoring tools, such as MS
PowerPoint, MS Word and the RELOAD editor, a packaging
tool that enables composition of SCORM learning objects.
Authors can search components, such as images, definitions,
examples, text fragments, or tables, from within the applica-
tions. Components that are found are shown in an integrated
window and the author can incorporate them directly into the
learning object that is being edited. The ALOCOM plug-in
for MS PowerPoint is shown in Fig. 19.

A typical usage scenario goes as follows: Suppose that
an author is creating a learning object on differential equa-
tions. He/she wants to start with a definition, followed by
three examples. The author enters “differential equations” as
keywords and selects “definition” and “example” as compo-
nent types. The system then searches the digital library and
retrieves all components of the selected types dealing, with
the selected topic. The author then chooses the most relevant
components and includes them into the learning object.

RAMLET comes into the scenario when the author wants
to export the learning object to a digital library specific for-
mat. Using RAMLET, the author is free to choose the pub-
lishing format of the generated content assembly among IMS
CP, METS, MPEG-21 DIDL and Atom.

11 Related work

Some researchers have adopted our initial content model
comparison approach presented in [42]. In [35], the
Me-thodenlehre-Baukasten model [36] is added to the com-
parison. Furthermore, the comparison is used as the basis for
the development of a new content model, dLCMS. Similar
to our work, it is argued that at least three aggregation layers
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Fig. 18 Use cases

Fig. 19 The ALOCOM plug-in for MS PowerPoint

are required for enabling successful aggregations of learning
object components.

In [15], IMS/LD [20] is added to the content model com-
parison. The authors of the SLM model used the comparison
table to compare and contrast their model to existing content
models. No changes to the comparison are proposed. Hence,
the researchers seem to agree that the alignment of content
models included in the first investigation (SCORM, Cisco,
NETg and Learnativity) is valid.

Besides content model investigations, ontologies have
been built that try to classify learning object components.
Overlaps exist between the ontology on instructional items
[41] and the ALOCOM model. This ontology defines com-
ponent types that are situated at the content object and single-
objective LO level. Another example of such ontology is used
in the TRIAL-SOLU-TIONS project [23]. This ontology
defines component types for mathematical learning objects,
including definition, lemma, theorem, proof, corollary,
scholium, comment, theory, axiom, postulate, thesis, method,

rule, criterion, open question, paradox, example, and solu-
tion. The ontology would be a meaningful extension of the
ALOCOM model when dealing with mathematical content.

12 Conclusion

The ALOCOM model and ontology mappings presented in
this paper are an attempt to align existing learning object con-
tent models and are aimed at enabling their interoperability.
The ontology connects content model specifications that are
currently available. Such an ontology is never completely
stable and should evolve over time. Furthermore, as it is an
attempt to integrate different viewpoints, the mappings are
subject to discussion. It is the hope of the authors that inter-
ested parties help to improve this work, so as to bring it to its
full potential.
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