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Modularization of digital learning content has been addressed for through the concept of Learning Ob-
jects. In this article it is shown this modularized concept can be extended to the Virtual Learning Envi-
ronment. A general, Service Oriented Architecture (SOA) framework for modularized Virtual Learning 
Environments was implemented based on the VWE Learning Objects Taxonomy. It is argued that SOA is 
a suitable approach for modularization, and that the resulting SOA-framework can be used as basis for 
implementing specialized e-learning services, specified by future standard frameworks and reference 
models. 
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1. Introduction 

The idea of small, context independent, chunks of digital learning material that can be used, reused and 
aggregated to form larger learning units for use in different contexts, has been around for more than a 
decade now. These “chunks” of digital learning material are usually called Learning Objects. Learning 
Object is an established term but in [1] and [2] we argue that even though the concept is well established 
it is still not sufficiently defined – in functional as well as in technical terms – to be useful in a way that 
actually give Learning Objects the characteristics that they are usually ascribed. In [2] we argue that 
definitions must be narrowed down and that technical properties must be made explicit. One approach 
could be to turn to the original source of inspiration and once again be inspired by concepts and ideas 
from object orientation and component-based software development. This, combined with some basic 
software architecture considerations, would not only help in solving some of the technical contradictions, 
but some of the pedagogical issues as well. In [1] we suggested a Learning Object taxonomy based on 
this idea: the VWE Learning Object Taxonomy. The VWE taxonomy is compatible with some of the 
existing and established taxonomies, such as the Atomic Taxonomy by Wiley [3], but it originates from 
the idea that there is a need for Virtual Learning Environments (VLE) with similar characteristics as 
Learning Objects: a VLE that is modularised and composed out of small chunks of functionality that can 
be aggregated into a VLE that is adapted to a specific learning context, working in symbiosis with the 
chosen Learning Objects. This idea originates from the assumption that we need a VLE that is as flexible 
as modular content in order to match this flexibility in the VLE [1]. Besides, it is often hard to establish 
where the content ends and where the VLE starts in terms of functionality, and this often has the effect 
that application logics, data and presentation is mixed in a way that makes it impossible for Learning 
Objects to have the alleged characteristics [2]. 
 This article shows how a Service Oriented Architecture (SOA) approach, combined with an explicit 
Learning Objects Taxonomy, can be used as a basis for implementing a modular VLE. The resulting 
architecture is modular in the same modular sense as Learning Objects are considered to be modular. 

1.2 Related work: SOA, modularization and the VLE 
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The SOA concept is often used as an equivalent to Web Services. Even though this article describes the 
implementation of an architecture framework based on Web Service technology, we mean that SOA can 
be used in a wider sense, and that other technologies can be used for SOA as well. An example is the 
OKI OSID: s, which uses Java RMI [4]. OKI OSID: s are used in the Sakai project [5]. 
 From a general perspective, the amount of research on SOA is quite extensive. There are a couple of 
characteristics that are commonly emphasised: reuse, interoperability and modularization [6]. Those are 
all characteristics that can be considered to be among the most important characteristics of Learning 
Objects [2, 7, 8]. This was of course an important reason for exploring SOA for implementation the 
VWE LO taxonomy. There is some work especially focusing on SOA and e-learning as well. OKI and 
ELF are two important initiatives that are compared by Norton in [9]. Liu et al. suggests a SOA-based 
functional model for LMS and LCMS systems in [10] and in [11], Gütl et al., suggest a SOA approach 
with a focus on adaptation systems. In [12] Smythe et al. suggest a set of general architectural patterns 
for e-learning systems. While there are some theoretical work on SOA frameworks and architectural 
models for e-learning, there are still not many implementations to be found. The focus of existing im-
plementations is mainly a “traditional” focus on exposing functionality from legacy systems as services 
in a SOA, and rarely on new modular (as in the VWE taxonomy) architectures, where complex function-
ality can be constructed by aggregating simple, loosely coupled, services. However, most existing SOA 
work emphasis the benefits of modularity. In most cases there is an understanding of that clear and sim-
ple interfaces and data models are required, as well as an understanding of the importance of standards 
and descriptive information (metadata) about services and modules in a SOA architecture. 

1.3 The VWE Learning Object taxonomy 

The idea behind the VWE taxonomy is to facilitate the separation of application logics, data and presen-
tation by regarding some basic architectural principles. Figure 1 outlines the VWE LO taxonomy, which 
introduces a couple of new concepts. Of particular relevance are the two different types of Resource 
Objects. The main purpose of the Resource Objects is to add application logics in such way that it is 
separated from data and presentation. The first type of Resource Object is called Helper Resource Ob-
ject, and its main purpose is to “support” data and content with application logics. In some ways the task 
of the Helper Resource Object is similar to  the task of a web browser plug-in. Hence, Helper Resource 
Objects are used to make the fundamental building blocks of a Learning Object, such as a Fundamental 
Data Object (or Fundamental Learning Object according to Wiley), usable in the context of a Grouped 
Learning Object or Learning Module, by providing the application logics needed for data processing, 
interactivity and presentation. 

Fig 1. A concept map outlining the VWE Learning Object Taxonomy 
 
 The Creator Resource Object is the second type of Resource Object and it is primarily used to add 
functionality to the VLE, or to Grouped Learning Objects. Creator Resource Objects are actually small 
stand-alone pieces of “software” that can be used as building blocks. Besides acting as building blocks, 
Creator Resource Objects are responsible for keeping the VLE together, and for managing the VLE in-
ternal and external communication and interaction. Each Creator Resource Object has one or more corre-
sponding services. The VWE Learning Object taxonomy is described in detail in [1]. 
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2. Implementation of a SOA framework 

In this article we explore SOA as an approach to modularization of the VLE. The empirical basis was 
mainly collected through an experimental implementation of the VWE Learning Object Taxonomy [1]. 
 The main purpose is not to state exactly what services are needed for an e-learning architecture. The 
focus is instead on a general SOA framework that addresses general needs without adding the limitations 
that are often present when limiting the approach to concepts such as LMS, LCMS and similar. The 
assumption is that a general SOA framework can be used as a general layer for implementing additional, 
more e-learning specialized services, according to different frameworks for this purpose. Figure 2 out-
lines the SOA framework that is currently implemented in Java. New functionality can however (theo-
retically) be developed using other technologies as well. As this is an experimental reference implemen-
tation of a SOA architecture-framework, there is a certain Java focus for practical reasons.  

Fig. 2. A bird’s view of the SOA framework 

2.1 Tools and workspaces 

A Tool is the metaphor used to describe functionality modules that are added by a Resource Object – 
service pair. Usually a tool consists of a resource object and a corresponding service. A tool can make 
use of more than one service and can be composed by pooling existing (and new) services through ag-
gregation of resource components. A tools corresponding service commonly uses services exposed by 
the general SOA framework and/or by other tools. Figure 3 outlines the general design pattern for tools. 

Fig. 3. Outlines the general design for each Tool-Service implementation. 
 
 A Workspace is the metaphor used for the part of the system that users interact with through the web 
browser. A user can have any number of associated workspaces, shared as well as personal. A small Java 
application called the Kernel is downloaded to the browser when a workspace is accesses. The Kernel 
works as a broker and manages all the interaction between the browser and the system. Workspaces are 
created using a tool called Workspace Editor (WE), through the String createWorkspace 
(WorkspaceDTO ws) method. The WE generates the workspace and all corresponding data, includ-
ing metadata and a Content Package structure for the workspace. The WE uses the Workspace Service as 
its “corresponding service”. Both tools and Learning Objects can be added at creation time. A workspace 
can be modified at any time, and functionality or content can be added or removed. Tools are dynami-
cally loaded at run-time, which means that a tool is first downloaded when it is requested. Dynamic load-
ing has some advantages; the latest version is always loaded, it decreases initial download and the system 
is not limited to server execution. There are some disadvantages as well: the system relies on a working 
broadband connection and it can be sensitive to browser-specific implementations. The current imple-
mentation uses Java on the client, but tools could be implemented using any browser-based technology, 
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such as Flash or ActiveX. In theory, the only requirement for a tool is that it can communicate with the 
needed services. 

2.2 A common Service Architecture 

All services have a common basic design (see figure 3) that consist of three parts: a Tool, which runs on 
the client, a System, which is a Java API for interaction with services and a Service, which is the SOAP 
service that is exposed externally. As is shown in figure 2, there are five basic services. The User Service 
manages everything that is related to users, such as permissions (through the use of ACL), relations to 
workspaces etc. The User Service stores information in a database or a LDAP catalogue. 
 The Message Service handles all asynchronous messaging through channels. Each tool that imple-
ments the Message Service creates a specific type of channels. A channel is created when a user executes 
a tool. The main reasons for designing a common Message Service is to avoid the complexity of several 
different messaging implementations at the same time, the level of prior knowledge needed is decreased 
by hiding messaging complexity for tool implementers. 
 The Workspace Service is the service that keeps the VLE together. It is used to create new work-
spaces, assigning workspaces to users and user groups, load workspaces at logs-in, associate tools with 
workspaces etc. The Workspace Service API is used for the interaction between tools and workspaces. 
The structure of a workspace is expressed using IMS Content Packaging. When a workspace is launched, 
a Content Package is downloaded to the browser by the kernel. The Workspace Service uses a 
WorkspaceDTO as its data transfer object and the DTO is used as the data type for representing work-
space data in SOAP the communication between tools (ToolDTO) and workspaces. 
 The Tool Service is used to locate, load, run, manage, and deploy tools and content. Every component 
in the system has associated metadata. This means that an extensive amount of metadata has to be man-
aged by the Tool Service and the more modularized a system becomes; the more sophisticated metadata 
is needed to describe services and artefacts. For this reason all metadata in the system is handled as RDF 
and stored in a SCAM-repository [13]. Metadata is primarily used for three things: for locating re-
sources, for describing its properties for humans, and for describing its properties for the system. The 
ToolDTO carries the metadata for a specific tool or object and manages the interaction with the Work-
space Service. For performance reasons tool metadata is cached the first time it is accesses. If the tool is 
a Helper Resource Object, it manages the metadata for the associated Learning Objects as well. The 
metadata is compliant to the Learning Object Metadata (LOM) standard [14], with the exception of three 
system specific metadata fields that are used internally. The choice of LOM was made for interoperabil-
ity reasons. Every tool must implement the Tool API to function with the system. The reference imple-
mentation contains a few example tools and a couple of tools for editing and deploying new tools. 
 The File Service is used for storing and managing files in a distributed file system. File metadata is 
managed by SCAM, and the files can be stored in any WebDav storage. As metadata is expressed using 
RDF, the files location must be expressed using an URI. The SCAM ePortfolio is used as WebDav stor-
age in the reference implementation. A problem related to the File Service is keeping files and their 
metadata together. This is mainly caused by the poor WebDav metadata support and there is no standard 
way of binding RDF metadata to a file as the URI only works one-way. 

3. Results, discussion and future work 

The SOA framework presented in this article has served as basis for a working implementation that pro-
vides a good foundation for modularization of the VLE. By modularizing the VLE, new functional com-
ponents can be easily added in a way that makes them work as an integrated part of the overall learning 
environment. In addition, legacy systems can better function together with the VLE. Besides showing 
that SOA is a practicable path towards modularization, it is evident that it is possible to implement a 
highly modularized model such as the VWE Learning Object taxonomy. 
 Many design decisions that have to be made in order to implement a SOA framework for VLE: s. One 
of the most important design decisions is whether to implement a number of general services that learn-
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ing services can implement, or whether to specify a larger number of e-learning specific services – as is 
the case with ELF. We argue that it is better to start out with a smaller number of general services, which 
can later be used to implement e-learning specific services. The reasons for this are twofold: first, by 
specifying exactly what services are needed, there is a risk of bringing in limitations – both technical and 
pedagogical – of the same kind that exists in many LMS, and second; by implementing a general service 
framework it becomes much easier to add new pedagogical services where general services can used as 
“building blocks”. This makes it possible to support a multitude of upcoming SOA frameworks for e-
learning, such as ELF and OKI OSID: s, by adding those in an additional service layer implemented by a 
corresponding set of VWE Tools. In comparison, OKI and ELF approach this issue differently. While 
OKI has a general approach, that somewhat resembles our approach; ELF has a much more detailed 
service architecture, focusing on pedagogical services that are defined in detail. 
 We will explore how compliance to frameworks such as ELF can be accomplished as an additional 
layer to the VWE general service framework in our future work. There is also a need to explore how to 
further enhance the service framework in such ways that it becomes easier for developers to add new 
components and functionality. It is necessary to make the architecture less Java centric. For the purpose 
of “proving the point” a Java centric architecture is acceptable, but when a suggestion for a general SOA 
for modularization of the VLE is presented, there is a necessity to be as technology neutral as possible. 
At the server (service) side a more general (preferably standardized) set of interfaces is needed, that can 
replace the VWE API and on the client there is a need to explore more open and browser centric tech-
nologies, such as Ajax. 
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