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In the area of eLearning the automation of processes from their specifications is still unfeasible. The reasonmay be
the lack of standards and specifications to specify learning processes unambiguously. The work presented in this
paper try to solve such problem with two main contributions: the creation of a OKI-OSID metamodel to specify
learning processes unambiguously, and the creation of a system that creates automatically partial implementations
of learning processes from theOKI-OSIDmetamodel. Furthermore, an implementation of themethod is also provid-
ed aswell as some insights about the problems found inOKI-OSID and theunderspecifications these lacks produces.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Today, educational institutions can reuse a great deal of applica-
tions in order to create their own applications to improve learning
processes. Applications aimed at e-learning environments can be
created in two different ways: a) by using, and extending when neces-
sary, the functions of a Learning Management System (LMS) or b) from
scratch. In the first option, the particularities of the LMS platform reused
must be taken into consideration, so possible extensions will depend
mainly on the base LMS and its limitations. The second option requires
the development of applications that can be adapted to the needs and
management of each educational institution. Even though, extending
an LMS can save implementation time and resources, we believe that
implementing systems from scratch is preferable, given that it facilitates
the adaptation of applications to each organisational environment
irrespective of the LMS.

The ObjectManagementGroup proposed in theModel Driven Archi-
tecture (MDA) methodology a way to create platform-independent
software systems from the models that represent their specifications.
In MDA the software development is directed by models, meaning
that the implementation is mostly done in a higher degree of abstrac-
tion: people implement by modelling instead of by programming
[12,24]. Thesemodels can be seen as the ontologies the information sys-
tems need to know in order to perform their functions [5]. In other
fields some authors have also created a framework using ontologies
for reusing, extracting and extending large domain ontologies by

means of a SOA (ServiceOriented Architecture) approach [3]. Information
systems that use ontologies to be improved are known as Ontology-
Driven Information Systems (ODIS) [23]. The main problem in these sys-
tems is the necessity to have an ontology that is good enough to be of
value to the information system. Creating this ontology is a difficult and
very time consuming task thatmay, sometimes, exceed the time or efforts
of developing the application from scratch. However, if we can create an
ontology that is general enough to be reused by different information sys-
tems of the same domain, then the resources needed for its creation can
be acceptable. In the context of eLearning, an ontology that describes
themost used specifications or standards, such as the OKI OSID specifica-
tion, can be used successfully in order to automate some processes, in-
crease interoperability among systems and support the programmers in
the creation of new applications.

Themid-termobjective behind thiswork is to create anODIS that sup-
ports the creation of learning applications using the MDA methodology.
With this objective in mind, the objective of this work is two folded:
1) the creation of an ontology of the OKI-OSID specification that allows
the representation of learning processes' specifications, and 2) the cre-
ation of an ODIS system that uses the OKI-OSID ontology in order to
support the implementation of learning processes.

In order to fulfil these objectives, the paper proposes amethod for the
specification of processes, irrespective of the learning system platform to
be used, that is capable of establishing links between the processes that
are carried out in different educational environments and their imple-
mentation. To prove the feasibility of the proposed model, a prototype
was created that part-generate the implementation of educational sce-
narios by means of graphic representations in educational scenarios
[7,6]. This framework is specially aimed at the higher education commu-
nity and aims to offer support to the construction of learning systems and
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promote interoperability between different e-learning applications. In
order to store and manage the specifications of learning processes the
method uses the OKI-OSID ontology. This ontology has been created
from scratch and defines the part of the OKI-OSID specification relevant
for the proposedmethod. In addition, an in-depth study was also carried
out on the O.K.I. OSID specification that has made it possible to create a
metamodel and also to detect a number of its limitations.

This work contributes to the community in two main ways: the
proposal of a new method to represent learning processes and their
interactions with other eLearning applications, and an OKI metamodel
that supports creating eLearning applications using a model driven ap-
proach (MDA).

This paper is composed of seven sections. After the Introduction
section, the paper studies the relevant related work. Third section
presents an overview of the proposed approach. Thereafter, Section 4
describes the case study that will be used in order to exemplify the pro-
posed approach. Fifth section describes the OKI metamodel that has
been created. Later, a discussion about the created metamodel and the
architecture developed to create partial implementation from the spec-
ification is done in Section 6. Finally, in the last section conclusions and
further work are addressed.

2. Related research

In the last fewdecades research in the area of e-learning has evolved
considerably with respect to specifications and standards related to
digital content, as is demonstrated by a number of specifications and
standards that have been developed. For example, Common Cartridge
is a standard under which the IMS Consortium has grouped numerous
specifications and standards such as Content Packaging v1.2 [16],
Question & Test Interoperability v1.2 [17], IMS Tools Interoperability
Guidelines v1.0 [15], IEEE LearningObjectMetadata v1.0 [13] and SCORM
v1.2 [1].

Also, research into learning system platforms has undergone signifi-
cant advances, as is demonstrated by the proliferation of systems of this
type, learning systems (such as Claroline [9], LAMS [19] or SharePointLMS
[30]) or course management systems (such as Dokeos [10], ILIAS [14],
Moodle [22] or SAKAI [28]).

However, there are nomechanisms to represent processes in educa-
tional environments for the purpose of obtaining a certain degree of
automation, as in business with, for example, business process model-
ing (BPM) [26,20]. Neither is there any ontology when representing
processes that makes it possible to formalise processes in educational
environments or to promote them being shared, although there are on-
tologies that formally describe educational environments. For example
there are ontologies to describe: learning content [29], interaction be-
tween students and learning systems in collaborative environments
[21], learning tasks [27], objects of learning and working groups [4]
as well as other elements involved in collaborative environment
scenarios. As regards frameworks for the construction of learning
environments, ELF [18] and OSID (Open Service Interface Definition)
by OKI [25] are worthy of mention. Both have a clear orientation
towards services and attempt to define what the services of an e-
learning system should be.

ELF, also known as e-Learning Framework, has been developed by
different international organisations with the aim of offering support
for the development and integration of systems in the e-learning envi-
ronment, for research, and for educational administration, which has
currently been subsumed by the e-framework initiative. This frame-
work is made up of three levels, one for common services, another for
services related to the e-learning domain and finally, a third for users
and agents.

The O.K.I. OSID specification is another framework aimed specifically
at higher education communities and aims to offer a set of web service
interfaces for the construction of learning systems for such environ-
ments that promote interoperability between applications. Version 2.0

of this framework onwards includes packages to facilitate the develop-
ment of e-learning systems in languages such as Java C#, but there is still
no metamodel to describe this specification on a conceptual level and,
thereby, facilitate its use.

3. The proposed method

This section describes a method that supports the development
of eLearning applications independently of the LMS used. The pro-
posed method uses a domain ontology to support the automatic
creation of part of the implementation of the eLearning applications
from their specifications. The method transforms graphic specifica-
tions of learning processes in the part of the code that implements
them, independently of the LMS reused and the final programming
language. We can see a graphical sketch of the proposed architec-
ture in Fig. 1.

The proposed method can be seen as a black box that takes the
specifications of the eLearning processes provided by the user and
generates the source code that implement those processes in a
given language (or specification). In order to provide that functional-
ity the system is composed by a domain ontology and a compiler. In
this paper we focus in the green elements of the figure, that is the el-
ements that deal with the specification of learning processes in
terms of OKI services and its final implementation (OKI ontology
and the compiler). The graphical language and the interface that
the designer uses in order to specify the learning processes are
presented in [7] and [6].

The domain ontology allows specifying processes in the eLearning
domain. For each process, the ontology allows representing its be-
haviour, its actors (human or computer processes), its interactions,
data sources used (queried and updated), etc. The representation
of particular learning processes is done by the instantiation of such
ontology. The instantiation may be performed taking into account a
graphical specification of the processes entered by the user, such as
in [7]. In order to provide a complete and mature interface that can
represent implementation details of learning processes indepen-
dently of the implementation language we have used the OKI-OSID
specification. In particular, we created the ontology as a metamodel
of the OKI-OSID specification.

For each learning process, stored in the domain ontology an inference
engine processes a set of rules in order to translate the specification of
the learning processes in terms of OKI services, creating several in-
stances in the OKI ontology. Once the translation process is done, the
OKI ontology will contain enough information to create a partial imple-
mentation of the specified processes. Thereafter, a compiler translates
the knowledge stored in the ontology to source code that includes invo-
cations to web services useful to implement the processes to automate
in different programming languages. Even though the generated imple-
mentation is not complete, the system is able to generate most of the
web services' contracts and the calls necessary to implement the inter-
actions between learning processes.

4. The case study

In order to exemplify our method and test it we used a real case,
which is simple but representative enough to serve as a concept text.
This case study consists of an educational scenario dealing with the
assignation of teachers to a database subject of the Open University of
Catalonia.

However, before describing the selected scenario as a case study, we
need to define the concept of an educational scenario. In general, we un-
derstand an educational scenario to be a set of activities that occur in a
learning environment with the aim of preparing that environment, of-
fering support during the learning process and evaluating the results
obtained and the competences acquired during the learning process.
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