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Abstract: A services-oriented education system, Distributed eLearning Center - 
DeLC, is presented in this paper. An essential disadvantage of the current version of 
the DeLC is that the system doesn’t support some of the existing eLearning standards. 
The emerging standard SCORM has been chosen for the implementation of the next 
version of the center. We present our first vision for adaptation of the DeLC architec-
ture to the SCORM standard as regards the implementation of eLearning services, the 
model used for overall control and management, and the process of eServices integra-
tion. As necessary action we consider also changing the structure of the meta-level 
and the profiles-supporting system. 
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1 Introduction 

The Distributed eLearning Center (DeLC) presented in this paper may be viewed as 
an example of a Network-Based Education [1], where interaction between coopera-
tive physically dispersed programs, tools, students, educators, and administrators 
takes place. A services-oriented approach was chosen for the development of the 
DeLC as an open infrastructure for offering electronic services (eServices) deployed 
on different servers with an inbuilt capacity for partial automatic-controlled integra-
tion (within the frames of predefined virtual structures). The DeLC is a collaborated 
project established between the Department of Electronic and Computer Engineering 
at the University of Limerick and the eCommerce Laboratory of the Faculty of Math-
ematics and Informatics at the University of Plovdiv. An essential disadvantage of the 
current version of the DeLC is that the system doesn’t support some of the existing 
eLearning standards, e.g. the Shareable Content Object Reference Model – SCORM, 
[2].  
The emerging standard SCORM is considered to be an important first step toward 
liberating learning contents from local implementations. This will free learning ob-
jects from specific learning context allowing they to be easily shared across multiple 
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eLearning systems. SCORM is a collection of so called “books” presenting a “li-
brary” of technical specifications and best practices for implementing a SCORM 
compliant eLearning systems and building SCORM compliant learning content. We 
have chosen this standard for the realization of a SCORM-based version of the DeLC, 
where we hope to gain some important features, e.g.: 
• Reusability – learning contents can be used in various applications and other edu-

cators can adapt these contents to their courses; 
• Access – independent from place, time, and source; 
• Search and navigation – with more precise query results and possibilities to sup-

port students’ self-study process; 
• Interoperability – different platforms can cooperate with other systems and au-

thoring tools. 
In this paper we present our first vision for adaptation of the DeLC architecture to the 
SCORM standard as regards the implementation of eLearning services, the model 
used for overall control and management, and the process of eServices integration. As 
necessary action we consider also changing the structure of the meta-level and the 
system supporting different types of profiles. 

2 DeLC 

The Distributed eLearning Center aims to provide a distance learning facility availa-
ble to all registered users at any place and at any time. This center is being established 
with an initial goal of delivering modules, courses and degrees to individuals and 
groups of students who interact with educators and with organized learning materials, 
both in real-time (synchronous mode) and delayed-time (asynchronous mode). The 
DeLC proposed here is described in more details in [3, 4, 5, 6]. 
The development of the DeLC is decomposed into the following four subprojects: 
• Realization of the DeLC infrastructure; 
• Modelling and implementing a set of eServices; 
• Implementation of a standard DeLC Node architecture; 
• Cluster building support. 
The DeLC infrastructure can be represented as a graph. The arcs of the graph define 
relations between different nodes called DeLC Nodes (DeLCNs), which could for 
instance consist of a University entity’s eLearning facilities. Entities could be labora-
tories, departments, faculties, colleges, or the whole university itself. The DeLCNs 
would provide apart from a complete learning cycle a set of eServices in flat or hier-
archical structure. Different DeLCNs provide different eServices, e.g. (i) a university 
entity provides the registered students with a completely structured programme 
(across modules and semesters including lectures, tutorials, laboratories, midterm 
tests, final examinations etc) much of which will be provided directly through the 
DeLC; (ii) a laboratory entity provides the registered students with a cycle of labora-
tory experiments. The DeLCNs are uniquely identified/marked so that users else-
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where may be made aware of their specific features.  Different virtual network (or 
subnetwork) structures may be defined over the graph by taking into account the pos-
sibilities to access, or even exchange, eServices provided by different nodes. All 
DeLCNs have uniform standardized architecture. DeLC supports an integration of 
eServices limited within the framework of the specified eLearning clusters. This inte-
gration is realized on the basis of a model, which uses Web Services [7].     
One of the main goals of the DeLC is to specify a framework for the realization and 
integration of different types of eServices. This framework consists of two main parts: 
• eServices classification (meta-model) which builds a functional framework to 

enable an eLearning business model development; 
• A set of models of the supported eServices (subject-models). 
Both parts are created by using the Unified Modelling Language (UML) [8, 9]. 
As regards the meta-model the eServices are classified according to their con-
tent/nature, type of invocation, and mobility features. Each eService exists within a 
3D discrete space defined by these three characteristics (Figure 1). 
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Fig. 1: eServices’ 3D discrete space 

According to the content/nature the eServices are grouped into the following four 
classes: 
• eLearning Services  – intended mostly for students but could be used also by edu-

cators. These eServices are used mainly in on-line mode processing in response to 
students requests.  

• eEducator Services – intended for educators preparing necessary information re-
sources for the eLearning Services, adding new eServices, modifying or removing 
existing eServices, interacting with class, groups or individual students, etc. Many 
of these eServices are used in off-line mode. 
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• Administration Services – a set of eServices, which are intended for the adminis-
trators to maintain the system itself.  

• System Services – with primary function to organize access and support of other 
eService types.   

The eServices can be classified by type of invocation as followed: 
• Local eServices – located on the local DeLCN and accessed directly from the 

node.  
• Remote eServices – located on the remote DeLCNs and accessed through a Re-

mote DeLCN Gateway. 
• Back-End eServices – typically provided by the back-end applications (faculty 

administration systems, libraries etc), which are integrated into the DeLC. The 
access to them is provided through an appropriate Back-End Gateway. 

According to mobility features the eServices are divided in two main groups:  
• Mobile eServices – for users (with mobile devices) engaged in time-critical and 

goal-driven tasks. This requires development of a new subgroup of context-aware 
eServices that understand the users’ context (e.g. location, courses/modules, 
classmates, educators etc). 

• Stationary eServices – for ordinary users without a need of using mobile devises. 

3 SCORM Specification 

The current SCORM version is 1.2 [2], comprised of three core documents/books:  
• SCORM overview - presents the vision for development of worldwide eLearning 

industry and active market of context independent eLearning objects created and 
stored – ready for use and reuse in different eLearning environments, achieving 
different learning objectives. The rationale for SCORM and a summary of the 
other two core SCORM documents form the rest of this document. 

• SCORM Content Aggregation Model - defines the requirements for building, de-
scribing (by using meta-data) and gathering together learning objects into cohe-
sive learning units (e.g. modules, courses, and curricula). Doing so will allow un-
obstructed usage of SCORM compliant learning contents, developed by using dif-
ferent authoring tools, on every SCORM compliant Learning Management Sys-
tem (LMS). The SCORM Content Aggregation Model is based on four standards 
and specifications:  

o The IEEE Standard for Learning Object Meta-data (LOM), [10] - defines 
a meta-data dictionary that can be used to describe a learning object so 
that it can be stored into a repository, exposing its meta-data for discov-
ery by eLearning object search engine, therefore enabling its sharing and 
reuse;  

o The IMS Learning Resource Meta-data eXtensible Mark-up Language 
(XML) Binding Specification [11] - says how an item from the SCORM 
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information model should be presented into XML by keeping the same 
relations between items as they were previously defined into the model;  

o The IMS Content Packaging specification [12] – specifies how to collect 
learning content into packages that can be imported, exported, aggregat-
ed, and disaggregated by any SCORM compliant LMS;  

o The Content Structure derived from AICC - a graph with nodes represent-
ing the learning resources and arcs representing all possible routes that an 
LMS can navigate through at a run-time. 

• SCORM Run-Time Environment – entirely based on the functionality defined in 
AICC CMI Guidelines for Interoperability [13]. The main role of the run-time 
environment is to provide an implementation-independent protocol for interaction 
between learning resources and LMS needed in order to be able to share and re-
use learning objects supplied by different vendors and developed by using differ-
ent authoring tools. The SCORM run-time environment is comprised of three el-
ements: 

o Launch mechanism - defines a standardized protocol (through the use of a 
common API) for communication between the delivered learning re-
sources and the LMS. 

o Application Programming Interface (API) - used for implementing the 
communication protocol informing the LMS for the state in which the 
learning resource can be. 

o Data model - a collection of data elements (e.g. the status of a learning 
resource etc) used to define what information the learning resource and 
the LMS should communicate.  

4 Adaptation Approach 

Our approach for adaptation of the DeLC to SCORM includes the following steps: 
• Meta-level specification of the DeLC Node – different meta-structures are sup-

ported in the current version of the nodes. The structures related to eLearning ser-
vices are modified in order to satisfy the SCORM meta-level specification.  

• Implementation (or adaptation) of the meta-level environment (tools) – the tools 
that we use to configure the meta-level of the different DeLC nodes are changed 
in order to generate the new meta-data.  

• Implementation (or adaptation) of the meta-level interpreters (run-time) – the run-
time modules of the nodes have to be changed so that they can interpret the new 
structures.  

• Realization of the authoring system (educator tools) – according to SCORM spec-
ification the learning contents and the learning activities may be created manually 
or with authoring systems. We have chosen the second approach. We intend to 
design a complete SCORM-based authoring environment.    
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• Realization of the sequencing engine (run-time) – to interpret sequencing meta-
data and execute the required sequencing behaviors during the users’ sessions. 

5 Conclusion 

Developing a Distributed eLearning Centers (DeLCs) that will offer in integrated way 
electronic services (eServices) available from geographically spread eLearning sys-
tems is a very complex, sophisticated and time-consuming process even though using 
the advantages of the IT developing tools. The first version of the center (J2EE-based 
[14, 15, 16]) is in its test phase. The development of the second version of DeLC 
(SCORM-compliant) is in progress. The main changes are necessary to be made in 
the client module of the system (Figure 2), which is implemented as an intelligent 
portal (based on the JetSpeed framework [17]). 

 

Fig. 2: The facade of the DeLC client node 
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