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1

Introduction

Nowadays, the learning experience is no longer confined within the four walls of a classroom. Computers
and the Internet have broadened this horizon by creating a way of delivering education known as eLearning.
The evolution of eLearning in the last decades has been astonishing. In fact, eLearning seems to be
constantly reinventing itself, finding new uses for technology, creating new tools, discovering new concepts.
Platforms for supporting eLearning have been evolving for some years, exploring many approaches and
producing a great variety of solutions. In spite of their number, these platforms can be grouped according to
theirs characteristics and their ability to interact with each other. Thus, a good a way to understand them is
by studying both their architectural features and the standards they support.
The organization of this chapter follows the evolution of the architectures of eLearning platforms. We
present both the most representative types of systems and the relevant standards related to two different
architectural models. We cover both the component based systems currently in use and the service oriented
architectures that are expected to shape the future of eLearning. We pay closer attention to eLearning
services as a means for bringing specialised features to eLearning platforms, in particular those related to
competitive learning.

2

eLearning Systems

The architectures of eLearning platforms had a considerable evolution in the last two decades. Starting
with the early monolithic systems, in this section we characterize the main types of component based
systems currently in use, we describe the interoperability standards available to them, and we highlight the
main criticisms to eLearning platforms following this architectural model.
2.1

Early systems

eLearning or Electronic Learning can be defined as the delivery of educational content via any electronic
media, including the Internet, satellite broadcast, audio/video tape, interactive TV, CD-Rom and others [1].
Despite some efforts [2] to potentiate remote education, the genesis of eLearning can be traced with the
development of network communication in the late 1960s, more precisely, with the invention of e-mail and
computer conferencing (1971). These innovations contribute to the collaboration between teachers and
students and initiate a new education paradigm shift [3]. During the 1980s and 1990s, there was a significant
growth in the number of students studying part-time and also in non-traditional learners, such as, typical
18/24 years old students seeking the university demand and women’s returning to the workforce after child
rearing [3]. The growth in lifelong learning has made the educational institutions to seek for flexible
education delivery to satisfy these non-traditional students. In the end of the century, this delivery has
accentuated with the emergence of new forms of distance delivery based in ICTs advances, such as, the
Internet.

2.2

Component based systems

In their first generation eLearning systems were developed for a specific learning domain and had a
monolithic architecture. Gradually, these systems evolved and became domain-independent, featuring
reusable tools that can be effectively used virtually in any eLearning course. The systems that reach this level
of maturity usually follow a component oriented architecture in order to facilitate tool integration. Different
kinds of component based eLearning systems target specific aspects of eLearning, such as student or course
management. Several designations and respective acronyms are used to typify eLearning systems, and the
following list includes some of the most common:

•

Content Management System (CMS);

•

Learning Management System (LMS);

•

Learning Content Management System (LCMS);

•

Managed Learning Environment (MLE);

•

Learning Support System (LSS);

•

Learning Platform (LP);

•

Virtual Learning Environment (VLE).

These seven types of eLearning systems have a considerable overlap and they are difficult to differentiate.
For sake of simplicity we shall considered only the first three as representative of main categories of
eLearning systems. While these three categories still share common characteristics, they also have some
distinctive features that justify distinguishing among them.
The CMS was introduced in the mid-1990s mostly in the online publishing industry. This type of system
can be defined as a data repository that also includes tools for authoring, aggregating and sequencing
content. The main goal of these tools is to “simplify the creation and administration of online content” [4].
CMS are focused on content with the main purpose to store information and provide access to it. CMS
content is organized in small self-contained pieces of information to improve reusability at the content
component level. These content components when used in the learning domain are called "learning objects"
(LO) – detailed in the following subsection.
The LMS's goal is to simplify the administration of learning/training programs within an organization [5].
The main goal of LMS is to manage processes regarding the delivery and administration of training and
education. Both usage scenarios are relevant: the learners can use the LMS to plan their learning experience
and to collaborate with their colleagues; the teachers can deliver educational content and track, analyze and
report the learner evolution within an organization. Most LMS’s are structured around courses rather than
courses' content thus, they only support reusability at the course level, where many learners can enrol on a
single course. LMS also don’t support the creation of instructional content. This “issue” implies the use of
third part content creation tools.
A LCMS combines the administrative and management features of a LMS with the content creation of a
CMS. In a LCMS, you would have libraries of LOs that can be used either independently, or as a part of
larger instruction sets. For instance, one LO can be used in several courses with several learners.
The following table [6,7] relates the three categories of applications based on several main features. Each
feature may have a robust (R) or limited (L) application in the categories or, simply, no support.
CMS
Manage Learners
Manage Content
Create Content
Launch and Track eLearning
Assessment and Feedback

LMS
R

R
L
R
R

LCMS
L
R
R
L
R

Table 1 – Features of CMS, LMS and LCMS

Based in the previous assumptions the figure 1 shows our perspective regarding the rule assumed by the
LCMS in the scope of the eLearning System Types.

Figure 1 – eLearning System Types

Nevertheless, the trend in eLearning systems is integration, therefore most of them evolved to the same set
of standard features and many of these acronyms are recurrently used as synonyms. In the course of this
section we take the LMS as a representative of eLearning systems since the term LMS is often used to refer
to both an LMS and an LCMS, although the LCMS is a further development of the LMS. Nowadays a new
acronym is also emerging to create a uniform way of referencing any learning system software based on
advanced learning technology methodology called CLCIMS (Computer Learning Content Information
Management System).
A LMS could be obtained in two ways: as open source (e.g. Moodle, Sakai) or commercial products (e.g.
WebCT, Blackboard). Despite this choice all of them use an integrated approach based in general tools,
namely: course/discipline (e.g. Assignment, Chat, Choice, Forums, Glossary, Lesson, Quiz, Resource,
Workshop) and learners’ management (e.g. Admin, Grades, Groups, Logs, Participants, Scales) in order to
deliver content and for recreate a learning context In both cases, synchronous and asynchronous tools enable
different kinds of interaction among the student, the teacher and subject.
Integrated environments have been successfully used to leverage the advantages of ICTs, but have also
been target of criticism. To support the integration of many different types of tools, popular eLearning
systems usually follow a component oriented architecture. This architectural model structures software
around pluggable and interchangeable components, thus enabling the development of larger systems,
resulting from the collaboration of different teams. In some cases component oriented architectures led to
oversized systems that are difficult to reconvert to changing roles and new demands. This is particularly true
in eLearning. A criticism to this approach [8] is that it reduced eLearning to the use of one-size-fits-all
systems, i.e., systems that 1) can be used on any learning subject but fails to address specific need of each of
them, and 2) can be used by any student but is not able to adapt to unique characteristics of individuals.

2.3

Standardization of eLearning

In parallel with the development component-based systems, practitioners of eLearning start valuing more
the interchange of course content and learners' information, which led to the definition of standards for
eLearning content sharing and interoperability. Standards can be viewed as "documented agreements
containing technical specifications or other precise criteria to be used consistently as guidelines to ensure that
materials and services are fit for their purpose" [9]. In the eLearning context, standards are generally
developed for the purposes of ensuring interoperability and reusability in systems and of the content and
meta-data they manage. In this context, several organizations (IMS, IEEE, ISO/IEC) have develop
specifications and standards in the last years [10]. These specifications define, among many others, standards
related to learning objects, such as packaging then, describing their content, organizing them in modules and
courses and communicating the among eLearning systems.
LO are context independent, transportable and reusable pieces of instruction that are digitally managed and
delivered [11]. There are other definitions for Learning Objects (LO). Rehak & Mason [11] define a learning
object as: "a digitized entity which can be used, reused or referenced during technology supported learning".
Despite the existence of several LO definitions there are some key common features in LO definition:
• Accessibility - indexed and retrieved using metadata;
• Durability - maintained intact across environment and technologies upgrades;
• Interoperability - operated across heterogeneous systems (hardware and software);
• Reusability - used in different courses.

Figure 2 –A graphical representation of a learning object
2.3.1

Packaging

Packaging is crucial to store eLearning material and reuse it in different systems. The most widely used
content packaging format is the IMS CP (IMS Content Packaging) [10]. An IMS CP learning object
assembles resources and meta-data into a distribution medium, typically an archive in zip format, with its
content described in a manifest file in the root level. The manifest file - named imsmanifest.xml adheres to the IMS CP schema and contains the following sections:
•

Metadata: describes the package as a whole;

•

Organizations: describes the organization of the content within a manifest;

•

Resources: contains references to resources (files) needed for the manifest and metadata describing
these resources;

•

Sub-manifests: defines sub packages.

The manifest uses another standard - the IEEE Learning Object Metadata (LOM) [10] - to describe the
learning resources included in the package (c.f. Sub-section 2.3.2). Recently, IMS Global Learning
Consortium proposed the IMS Common Cartridge [13] that adds support for several standards (e.g. IEEE
LOM, IMS CP, IMS QTI, IMS Authorization Web Service) and its main goal is to shape the future regarding
the organization and distribution of digital learning content.
2.3.2

Metadata

The content of LO packages is described by metadata. Its purpose is to support the interoperability and
reusability of learning objects. As mentioned previously, the IMS CP manifest contains four sections and is
precisely Metadata that provides an overall description of the package. Metadata can be used to describe file
features in the Resource section. In the manifest the metadata element is used at two levels: package
(overall description of the package) and resource (description of the resource and contained files). In both
cases metadata information usually follows the IEEE LOM schema. The IEEE LOM is a data model used to
describe a learning object. The model is organized in several categories, such as:
• General: global data, such as generic title, description, type of structure, level of aggregation, etc;
• Lifecycle: version history of the objects;
• Meta-metadata: data about the creation of metadata: creator, language, date, etc.;
• Technical: technical information to help in the decision of using the object: type, size, duration, etc.;
• Educational: educational characteristics of interest: resource type (diagram, exercise), level of
interactivity, context of use, etc.;
• Rights: intellectual properties of the object and their conditions of use and sharing;
• Relation: type of relationship that exists with other objects;
• Annotation: author's comments about the use of the object;
• Classification: context type for the object: assessment, educational goal, prerequisite, etc.

These categories are very comprehensive and cover many facets of a LO. However, LOM was designed
for general LO and does not to meet the requirements of specialized domains, such as the automatic
evaluation of programming problems. For instance, there is no way to assert the role of specific resources,
such as test cases or solutions. Fortunately, IMS CP was designed to be straightforward to extend through the
creation of application profiles. The term Application Profile generally refers to "the adaptation, constraint,
and/or augmentation of a metadata scheme to suit the needs of a particular community". A well know
eLearning application profile is SCORM [14] that extends IMS CP with more sophisticated sequencing and
Contents-to-LMS communication. The creation of application profiles is based in one or more of the
following approaches:
• Selection of a core sub-set of elements and fields from the source schema;
• Addition of elements and/or fields (normally termed extensions) to the source schema, thus
generating the derived schema;
• Substitution of a vocabulary with a new, or extended vocabulary to reflect terms in common usage
within the target community;
• Description of the semantics and common usage of the schema as they are to be applied across the
community.
The IMS GLC is also responsible for another application profile, the Question & Test Interoperability
(QTI) specification. QTI describes a data model for questions and test data and, since version 2.0, extends
the LOM with its own meta-data vocabulary. QTI was designed for questions with a set of pre-defined
answers, such as multiple choice, multiple response, fill-in-the-blanks and short text questions.
There are other metadata specifications, such as, the Dublin Core Metadata, which provides a simpler and
a more loosely-defined set of elements useful for sharing metadata across heterogeneous systems. At the
present, the Dublin Education Working Group is extending the Dublin Core for the specific needs of the
education community.
2.3.3

Organization

Learning objects can be organized in items and an organization defines a path through those items. The
IMS CP specification includes a manifest section called Organizations. This section can be used to
design pedagogical activities and articulate the sequencing of instructions. By default, it uses a tree-based
organization of learning items pointing to the resources (assets) included in the package. However, other
standards could be accommodated in this section, such as IMS Simple Sequencing (IMS SS) and IMS
Learning Design (IMS LD). These specifications aims to provide to the teachers mechanisms for
coordination of the educational instructions based on students' profile making the instruction more dynamic
and flexible.
The IMS LD specification is a meta-language for describing pedagogical models and educational goals.
Several IMS LD-aware tools are available as players (e.g. CopperCore, .LRN) and authoring/export tools
(e.g. Reload, LAMS). The IMS SS is a specification used to describe paths through a collection of learning
activities. The specification declares the order in which learning activities are to be presented to a learner and
the conditions under which a resource is delivered during an eLearning instruction. Despite all these
specifications, the desig of more complex adaptive behaviour are still hard to achieve [15].
2.3.4

Communication

The standardization of the learning content it is not enough to ensure interoperability, which is a major
user concern with the existing systems [16]. Some of the major eLearning interoperability efforts (e.g.
NSDL, POOL, OKI, IMS Enterprise, EduSource, IMS Digital Repositories) address the interoperability
issues on a specific component: the repository. Within eLearning, repositories are used to store, manage and
share LO. One of such efforts was the IMS Digital Repositories (IMS DRI). The IMS DRI specification was
created by the IMS Global Learning Consortium (IMS GLC) and provides a functional architecture,
summarized in Figure 3, and reference model for repository interoperability.

Figure 3 – The IMS DRI specification

The IMS DRI provides recommendations for common repository functions, namely the submission, search
and download of LOs. It recommends the use of web services to expose the repository functions based on the
Simple Object Access Protocol (SOAP) protocol, defined by W3C. Despite the SOAP recommendation,
other web service interfaces could be used, such as, Representational State Transfer (REST) [17].

3

eLearning Services

Component based integrated environments, especially CLMSs, became the corner stone of eLearning.
Although they tend to incorporate a growing number of tools, they cannot afford to be isolated from other
software systems operating in academic institutions. There are several strategies routinely used to achieve
this integration. However, these approaches to perform integration on specific points create the same kind of
entanglement found in monolithic systems. This problem is not specific of eLearning systems and is
generally approached using Service Oriented Architectures (SOA). As this type of architectures became
mainstream, a few initiatives to adapt SOA to eLearning have emerged.

3.1

Integration strategies

Component based integrated systems try to cover as many requirements of an eLearning system as
possible. Still, they cannot afford to be isolated from other systems also present in a typical educational
institution. They may be required to share data with other systems, or integrate a single sign on mechanism.
This sub-section reviews the most common strategies to achieve eLearning system integration, namely:
• Portals: aggregating content from multiple sources with a common presentation layer;
• Database replication: different applications but sharing content;
• Features share: presentation independent but sharing some features (e.g. LDAP).

Figure 4 – Three integration classic models

The diagram in Figure 4 summarizes three main integration strategies. Integration usually includes at least
one web application, and these are typically designed based on the well known three-tier [18] architectural
pattern. There is a potential for integration in any the three classical tiers: presentation, logic and data.
The portal strategy integrates at the presentation tier, providing and unified web interface to a number of
independent subsystems, including eLearning systems. The major advantage of this strategy is the fact that it
gives users a sense of unity, sometimes at the cost of compromising consistency. Feature sharing is
integration at the logic tier and is becoming increasingly popular as more systems expose their functionality
using web services. Moreover, there are a number of infrastructural services, using or not web services,
which can be exploited by eLearning systems. User authentication based in directory services, such as
LDAP, is an apt example of this type of integration. Finally, integration may occur at the data tier, and partial
database replication is arguably most common example. For instance a LMS may import data on students,
courses and student enrolment in courses from administrative systems to avoid the burden of entering this
data manually. These integration models are usually combined. For instance, a portal that provides and
unified presentation may also adhere to a single sign-on mechanism shared with other services.
These approaches to system integration are a collection of pragmatic solution that raises their own
problems. In fact, integration on specific points creates the same kind of entanglement found in monolithic
systems. Since integration is not driven by architecture, there is no coherence among a disparate set of
connections that ties up the system and compromises future changes. It should be noted that the use of web
services for feature sharing is not a remedy for this problem. Although service oriented architectures typical
(but not necessarily) use web services, using web services does not automatically qualify a system as SOA.
3.2

Service oriented architectures

The Service Oriented Architecture (SOA) [19] is already a mature architectural pattern with established
principles and technologies and can be defined as a systematic approach to system development and
integration. Instead of point-to-point integration, SOA proposes the development of systems around the
concept of interoperable services. These services must be loosely coupled, allowing them to be easily
recombined in different processes (typically business processes). The Figure 5 shows the SOA components
and their relations:
• Contract: collection of all the messages supported by the Service;
• Service: implementation of the functionality promised by the contracts it exposes;
• Message: unit of communication (valid message forms: HTTP GET/SOAP/SMTP messages;
• Service Consumer: software that interacts with a service through the exchange of messages;
• End Point: an address (URI) that specifies where the service can be found and consumed.

Figure 5 – SOA components

The communication between these components is generally based on web services (WS). The Web
Service Description Language (WSDL) provides a description of how to use a WS. The definition of how
several WSs cooperate to achieve a given goal cannot be handled by the WSDL specification and, in this
case, we need to use orchestration [20, 21] and/or choreography [22] to define an interoperable integration
model. This model facilitates the expansion of automated process integration and the management of the
workflow within services [23].
This architectural pattern is appropriate in contexts where components (services) participate in several
processes, and process configuration needs to be flexible. This concept of process is applicable to eLearning:
flexible learning processes can be used to congregate the best eLearning services available for each particular
domain and create an instructional environment more adapted to the student needs and requirements. Based
on these ideas, the following sub-section presents some recent initiatives to bring SOA to the eLearning
domain.

3.3

Service oriented architectures in eLearning

The general trend towards SOA was also followed by the eLearning community. In the last few years there
have been initiatives to adapt SOA to eLearning [24, 25, 26]. These new frameworks and APIs contributed
with the identification of service usage models and are generally grouped into logical clusters according to
their functionality [27].
The e-Framework for Education and Research is a joint initiative by JISC, Australia’s Department of
Education, Science and Training (DEST) and other international partners, to facilitate technical
interoperability in education and research fields using SOA. The framework [28] is based in three key points:
• Service Genre: descriptions of generic capabilities expressed in terms of their behaviours, without
prescribing how to make them operational;
• Service Expression Registry: descriptions of specializations of service genres that specify the
particular implementation approaches used;
• Service Usage Model: descriptions of the relationships between services (either service genres or
service expressions) used in software applications that implement business processes.
Service oriented architectures cannot be seen as a silver bullet for all eLearning system integration
problems. The adoption of SOA creates new challenges, such as the integration of heterogeneous services
based on semantic information, the automatic adaptation of services to users (both learners and teachers), and
the lack of a critical mass of services to supply the demand of eLearning projects.
Web services do standardize communication but they do not ensure that every service assigns the same
meaning to what is being communicated. This is a general problem with heterogeneous services and affects
particularly eLearning since what is being communicated involves complex data, for instance learning
objects, and complex functions, for instance automatic evaluators.
One of the criticisms to integrated eLearning systems is the lack of focus on the student and on the
learning domain. Tools tend to be too common to all learning domains and the same contents are presented
to all students enrolled in a same course. On its own, the adoption of SOA will not address this problem and
there is a risk that it may actually increase it, if it is not driven by pedagogical concerns. For instance, if the

same course content is offered to a wider range of students with different backgrounds then it will be actually
be less focus on students. However, the use of services creates a possibility for a systematic approach to
adaptability in eLearning. On other hand, a service contract is a good place to ensure that the data on which
to base adaptability can be effectively gathered. On the other hand, adaptability in itself may be provided as a
service that can be configured in a learning process.
Last but not least, the number of eLearning services is still very small. Before reaching a critical mass of
eLearning services, available to participate in reconfigurable pedagogical processes, it will be difficult to
support the claims of SOA in the eLearning context. Surely, many infrastructural services are common to
any SOA service, but there are few truly pedagogical services available. Learning objects repositories are
probably the reusable type of services but few of them provide interoperability features.

4

Specialised eLearning Services

The pressure to adopt SOA in eLearning is mostly fuelled by managerial needs of academic institutions,
rather than pedagogical concerns of teachers. In some cases is an internal need, of combining infrastructures
of autonomous departments with different responsibilities within an academic institution. In other cases
results from external pressure, of linking with other institutions in order to offer join eLearning programs. In
these cases the resulting platform typically relies on an LMS, thus having the same problems of component
based systems, especially from an educational viewpoint.
Traditionally, features are added to LMSs by integration of new components. These components are
specific to an LMS and tend to be very general, in order to be reusable in as many courses as possible. By
contrast, a service may be reused on different systems, thus making more sense to specialize it to a specific
purpose. Moreover, a service can make use of certain hardware or software; for instance a specific program
available only on a particular platform. Last but not least, specialized eLearning are able to participate in
multiple and easily reconfigurable learning processes.
We start this section with an example of a pedagogical process based on specialized eLearning services.
This example is drawn from our experience with particular domain and illustrates a possible use of
competitive learning. The following sub-section focus on the specialized services that participate in those
learning processes.

4.1

Learning processes

A learning process is a collection of related and structures activities. In this context, each of activities is
implemented by a specialized eLearning service. Services may participate in several learning processes and
new processes can be created or reconfigured. To exemplify this concept we present a learning process for
the evaluation of programming problems, involving the following types of services.
•

Learning Management System - to manage and retrieve the exercises to the learners;

•

Repository of learning objects - to persist LOs and related meta-information;

•

Experimental Environment – to solve the exercises;

•

Evaluation engine - to evaluate and produce feedback to the learners problem’s attempts.

These types of services are very different in nature. To start with, the LMS is not in strict sense a
specialized service. It is a system designed to be a complete and generic eLearning solution rather than a
service. Nevertheless, since a typical LMS is a component based system, it may be extended to incorporate
the features it lacks to communicate with other services, and provide a front-end both for learners and
teachers. The LMS and the experimentation environment have in common the fact that both possess a user
interface and learners can interact directly with them; nevertheless they need to be able to communicate
directly with each other. The other two, the repository and the evaluation engine, provide truly specialized
services.

Figure 6 – Integration of LO repositories in specific learning domains

Figure 6 shows the integration of these s services in a pedagogical learning process. To start with, the
teacher sets a number of activities in the LMS, including the resolution of a number programming problems.
To select select the relevant programming problems the teacher 1) searches for relevant problem in the
repository. Them, the learner tries to solve the problems set be the teacher 2) using an Experimentation
Environment (e.g. Eclipse IDE). The IDE recovers problem descriptions from the repository 3) that shows to
the student. After coding the program the learner send an attempt 4) to the Evaluation Engine. The learner
may submit repeatedly, integrating the feedback received from the Evaluation Engine. In the end, the
Evaluation Engine 5) sends a grade to the LMS that records it and report of the LO usage data back to the
repository 6). This last task will provide data for future adaptability services that will adjust the presentation
order in accordance with the effective difficulty of programming exercises (not the difficulty stated on the
LO) and the needs of a particular student.
In the remainder of this section we detail each type of service that participates on the learning process
describes in Figure 7, illustrating with services for the automatic evaluation of programming problems and
suggesting how similar concepts can be extended to other domains

4.2

Specialised repositories

A repository of learning objects can be defined as a ‘system that stores electronic objects and meta-data
about those objects’ [16]. The need for this kind of repositories is growing as more educators are eager to use
digital educational contents and more of it is available. One of the best examples is the repository Merlot
(Multimedia Educational Resource for Learning and Online Teaching). The repository provides pointers to
online learning materials and includes a search engine. The Jorum Team made a comprehensive survey [16]
of the existing repositories and noticed that most of these systems do not store actual learning objects. They
just store meta-data describing LOs, including pointers to their locations on the Web, and sometimes these
pointers are dangling. Although some of these repositories list a large number of pointers to LOs, they have
few instances in any category, such as programming problems. Last but not least, the LOs listed in these
repositories must be manually imported into a LMS. An external service cannot query the repository and
automatically import the LO it needs. In summary, most of the current repositories are specialized search
engines of LOs and not adequate for interact with other eLearning systems, such as, feeding an automatic
evaluation engine.
Specialized services, such as Evaluation Engines and Experimentation Environments, will require both
complete interoperability and specific meta-data. They will need service oriented repositories of learning

objects, fully compliant with the existing interoperability standards, and supporting new definitions of
learning objects for specialized domains.

4.3

Evaluation Engine

Examples of specialized eLearning services can be drawn from different domains but we are especially
interested in competitive learning and in particular in computer programming competitions. At the heart of a
system with automatic evaluation of programming problems resides an Evaluation Engine (EE). This is an
apt example of a specialized eLearning service, performing a specific task and reusable in different
scenarios. An EE can supply its services not only to LMSs but also to other specialized application services,
such as programming contest management systems and programming problem archives. Desktop based
applications also fit in this approach. Integrated Development Environments (IDE) are typically used for
solving programming exercises and may be extended to consume the services of an EE. The EE and these
application services require other specialized services, such as repositories of programming exercises.
This model of combining specialized services can be extended to competitive learning in other domains
such as business training, for instance. In this domain teachers use business simulation games to improve the
strategic thinking and decision making skills students in particular areas (e.g. finances, logistics, production).
Through these simulations students compete among them, as they would in a real world companies. A
business simulation service fulfils a role similar to that of the EE in programming exercises and it also
requires a repository containing specialized LO describing simulations.

4.4

Experimenting Environments

Experimenting environments – environments for practising on a learning subject to consolidate learning –
are another type of specialized services to be integrated in learning processes. These environments need a
user interface to interact with learners and application interfaces to be integrated on the learning process. In
some cases they will have to be developed for specific domain, while in other they can be adapted from
existing systems.
Take the computer language programming domain as an example. An Integrated Development
Environment (IDE) is arguably the best place for a student to practice by solving programming exercises, but
any tool on a CLMS will hardly be a match. Surely, an IDE lacks the features to communicate with other
specialized services, but this shortcoming may be overcome using plug-ins.

4.5

Automatic evaluators

Automatic evaluators are specialized services that receive both an exercise description (as a LO) and a
resolution from the learner, and produce a report that may include a grade, a correction and even feedback.
Examples of specialized eLearning services can be drawn from different domains but we are especially
interested in competitive learning and in particular in computer programming competitions. At the heart of a
system with automatic evaluation of programming problems resides an Evaluation Engine (EE). This is an
apt example of a specialized eLearning service, performing a specific task and reusable in different
scenarios. An EE can supply its services not only to LMSs but also to other specialized application services,
such as programming contest management systems and programming problem archives. An suggested in the
previous sub-section, Integrated Development Environments (IDE) used for solving programming exercises
may be extended to consume the services of an EE. The EE and these application services require other
specialized services, such as repositories of programming exercises.
This model of combining specialized services can be extended to competitive learning in other domains
such as business training, for instance. In this domain teachers use business simulation games to improve the
strategic thinking and decision making skills students in particular areas (e.g. finances, logistics, production).
Through these simulations students compete among them, as they would in a real world companies. A
business simulation service fulfils a role similar to that of the EE in programming exercises and it also
requires a repository containing specialized LO describing simulations.

5

Conclusion

In this chapter we covered the evolution of the architectures of eLearning systems, from the early
monolithic systems, analysing in detail the current generation of integrated component based systems, to the
service oriented architectures that are already shaping the future of eLearning. Our view on the evolution of
the architectures of eLearning platforms, divided in three generations, is summarized by Figure 7.

Figure 7 – The evolution of eLearning systems

For each generation we described the characteristics of its most relevant representatives and the related
standards. We adopted a critical view and tried to highlight both the benefits and drawbacks of each
approach. Finally, on the previous section, we took a more partisan view regarding specialised eLearning
systems, as we consider that they will play an important role in future eLearning architectures, specially on
those systems targeted for competitive learning.
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