
 

 

  
Abstract— Change appears to be the only constant in the field of 

ICT and what was treated as advanced feature few years ago is today 
old-fashioned. If dealing with such rapid change in the field is 
increasingly difficult and complex, it is even more complicated when 
one tries to simplify the concepts and processes and define the 
learning system’s model and the features that would contribute to a 
more effective teaching and learning.  As part of the research project 
team, which aims to develop software for Learning Content 
Management System at SEE University, we primarily had to select 
the features that would cover our needs and also comply with the 
actual trends in this area of software development, and then design 
and develop the system. In this paper we present the in house 
development of an LCMS for South East European University, its 
architecture, conception and strengths. 
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I. INTRODUCTION 
S a result of the rapid development of the information and 
communication technologies and their increasing 

relevance in all aspects of our living, the role of e-learning 
systems increases too. E-learning systems build up a platform 
for the realization of new study forms (especially the distance 
mode). The success of this platform depends on its involving 
into the integrated solution of the information systems at 
universities. E-learning system is a complex, data system 
primarily determined for the support of the pure set of e-
learning activities. These activities include not only study 
activities, but also managing activities and governing of study 
courses. Generally, it means the integration of kind of systems 
as Learning Content Management Systems (LCMS), virtual 
learning environment (VLE) or communication portals into 
one complex system. But, there is a dilemma. All kinds of 
these systems are usually distributed by various producers and 
the integration cannot be performed on the maximum. 
Students are faced with the situation where they must use few 
practically independent separated systems and make endless 
authorizations, uploads or imports. These can be eliminated 
only by the purchase of the complex system or the 
development of the own system. By this the flexibility and the 
integration of all parts can be achieved.  
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“A LCMS is an environment where developers  can  create,  
store,  reuse,  manage  and deliver  learning  content  from  a  
central  object repository,  usually  a  database. LCMSs 
generally work with content that is based on a learning object 
model” [9].  The in-house development of these systems is not 
typical approach in building environment for using 
information and communication technologies for the support 
of the educational process. But on the other hand, there are 
some institutions which have selected in-house way and have 
accomplished its applicability. One of them is South East 
European University, Macedonia.  

As part of the research project team, which aims to develop 
software for Learning Content Management System at SEE 
University, we primarily had to select the features that would 
cover our needs and also comply with the actual trends in this 
area of software development. While analyzing and choosing 
the essential features of the software, we studied and analyzed 
several research papers that assess and/or, compare different 
LCMSs or simply indicate the main aspects when developing 
an LCMS. 

The research done on comparison and evaluation of 
LCMSs, lead us to the following conclusions [1].  

In earlier evaluations, authors used criteria and features that 
were not present in later evaluations like integration of CD 
material and on-line content, batch student and courses input, 
application sharing and search possibility. Some of these 
features were substituted with other ones. Actually LCMS 
integration with other systems like registration information 
system, student information system, roster and other 
applications that contain data about students and courses 
replaced the need for manually inserting students and courses 
into an LCMS. [3]  

In present research very often new trendy features are 
evaluated [6]. Some of them are blogs, social networking, and 
discussion forums. The impression is that social phenomena 
are very smoothly adopted in education and arranged to 
educational needs.  

Generally, it seems that most of the features that were 
considered as important and significant in the past are part of 
the default features in current LCMSs.  If this tendency will 
continue, probably new features will be added to support 
teaching and learning, and the system designers must plan the 
possibility of upgrading the system with new features.  

Once we have analyzed and studied the current demands 
and the key features in the area of LCMS, we continued with 
the development phases.  

In this paper we present the experience in developing a 
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LCMS using modular approach, architecture and conceptual 
design, modules, implementing procedure and the strengths of 
our LCMS.document is a template for Word (doc) versions. If 
you are reading a paper version of this document, so you can 
use it to prepare your manuscript.  

II. LCMS CONCEPTUAL DESIGN AND ARCHITECTURE  

A. Conceptual Design  

 
Fig. 1: LCMS’s conceptual design 

 
An overview of principal components of the LCMS 

application modular architecture is given in Fig.1. The 
implementation is split into different parts:  

 
1) LCMS.Common –used for defining application entities 

(ex. Users, Courses, Resources etc.); 
2) LCMS.Operational –used from application for  mail 

operations; 
3) LCMS.BusinessLogic –is responsible for all actions that 

are going on behind the scene; 
4) LCMS.DataTier – is used from LCMS’s BusinessLogic 

for extracting and storing data; 
 

 
Fig.2: The LCMS’s architecture. 

 

B. LCMS’s Architecture  
In this section is described the architecture of the 

application. Today’s most web-based applications use three-
tier client/server model [2]. This approach clearly divides the 
presentation layer from content and data storage. This kind of 
system decomposition enables us develop large-scale software 
systems and reduce overall development time [7].   

Using this approach, the application’s architecture would be 
like in Fig.2. To present system’s architecture, components 
diagrams are used. The following diagram is composed of 
three sub-systems: Web Presentation subsystem, Business 
Logic subsystem, and MySql database as data storage. 

III. IMPLEMENTING EXPERIENCE  
International Data Corporation, a premier global market 

intelligence and advisory firm in the IT and 
telecommunication industries defines Learning Content 
Management System as a system that is used to create, store, 
assemble, and deliver personalized e-learning content in the 
form of learning objects. However, not all LCMSs are the 
same. Providers of these systems differentiate their offerings 
via unique features and functions, the ease with which they 
integrate with other systems, and the degree to which they 
customize their offerings for an enterprise’s needs. Despite 
their differences, they do share the components depicted in 
Fig. 3. [5]. 

A.  Components  
In the next section we will present the above mentioned key 

components of an LCMS from the perspective of our 
university. 

Our academic institution is working hard to make better use 
of our network infrastructure and existing databases to 
efficiently and effectively achieve learning and professional 
development goals by making some of the learning resources 
available to educators and students through learning object 
repositories by implementing them on a Learning Content 
Management System with an easy to use web-based graphical 
user interface (GUI). 

 
Fig.3: Components of a LCMS 

 
1) Learning Object Repository 

The management of the Learning Object Repository (LOR) 
is crucial for a successful LCMS. The LOR is fed with 
information from two sources: the University Management 
System (UMS) Database and the faculty (users). 

The University Management System (UMS) Database is the 
central database that contains all the information regarding the 
faculty, staff and most important ones, the students. Data 
contained here is highly secure. The mainframe is placed 
behind a CISCO router that separates this mainframe from 
other servers and networks inside the University campus. 
Additionally there is a firewall that blocks any communication 
outside the local network. Data from this mainframe are 
replicated to another backup server where can be used by  
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Fig. 4: SEE University Network Infrastructure 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
various applications. For the needs of the LCMS this is done 
using another PROXY server (Fig. 4), which has direct access 
to the replica database and is distributing these data by web 
services which are secured as well. 

 
The Faculty (users) are the ones that are creating the 

learning content. They can use an easy to use interface to 
upload their digital content of any form. This content is: 

a) stored in a file format and some in a database 

b) stored on an extensible hard drive and as such the 
storage issue cannot be considered as problem 

c) can be easily shared all over the application. This 
content is managed by an automated authoring 
application.  

d) can be moved and copied without any complication, 
and it is important to mention that any change on the 
hardware or software architecture in the future will 
not affect the LOR since it is based on file system 

 
2)  Automated Authoring Application 

The automated authoring application gives the users a web-
based GUI that allows them to easily interact with the system 
and create content for their course. By using a template alike  
form, users are able to create the desired content without 
having any programming or database skills. The resources that 
are to be uploaded or created can be of various types, such as: 
documents, spreadsheets, presentations, electronic books, 
quizzes, announcements, messages and similar. Any created 
resource can be shared between users or courses without 
having to copy the resource multiple times. Sharing is done 
using globally unique identifiers (GUID), which helps in 
reducing the needed storage.   

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

3) Dynamic Delivery Interface 
The dynamic delivery interface changes depending on the 

users profile and access levels. This component provides user 
tracking, dynamic links to courses that users are enrolled to 
for a given study term, access to learning content, access to a 
personal calendar and messages. The content is presented on 
Web pages with a look and feel designed to reflect the 
University image. This interface is easy to use interface based 
on Asynchronous JavaScript and XML (AJAX) technology 
which gives the feeling of a desktop application rather than a 
web application [4],[8]. This interface is based on ExtJS 
Framework. Using this technology has advantage over regular 
websites because the system never delay and the users’ 
content is shown fast enough. 

 
4) Administrative Application 

The administrative application is divided in several parts. 
First, the management of student records, student enrollment, 
course inventory and study programs are done by a separate 
system where the date is integrated into the new LCMS. If 
necessary, the administrators can manage user enrollment 
manually. 

Next, the user management is handled by the Active 
Directory where the profile is stored as well.  

Finally the content for e-learning courses is managed by 
users depending on their access control or user level. For 
instance, teachers are able to add content, create tests and 
create announcements, whereas students are able to submit 
assignments, submit tests, read various content and similar.  

Most of the administrative part functions automatically, 
since data is consumed from web services. 

IV. MODULES  
In this section we present the modules of the system. In the 

first stage of the system development are included the key 
features of today’s LCMS, and in the next stage the system 
will be probably upgraded with new additional modules.  

A. User Management 
In this section are presented the user management modules 

and their main functionalities:  
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1) Overview  

a) High security supported by LDAP and SSL 
certificates. 

 
2) Enrollment  

a) Students are enrolled automatically from another 
existing University Schedule system; 

b) Teachers and administrators can move students to 
another group if necessary.  

 
3) Roles  

a) Roles for specific participants can be defined for 
each course and resource; 

b) Instructors can assign user roles to other users 
enrolled to the course; 

c) Instructors can create content and assign privileges.  
 

B. Course Management 
Below are presented the key features of course management 

modules:  
 

1) Overview  

a) Flexible array of course activities – Quizzes, 
Resources, Assignments, Messaging, Events; 

b) Most text entry areas  can be edited using an 
embedded Coolite HTML editor ; 

c) All grades for Assignments can be viewed on one 
page (and downloaded as a spreadsheet file); 

d) User logging and tracking is available upon request;  

e) Mail integration - copies of Messaging, if desired, 
are mailed in HTML or plain text to the users.  

 
2) Assignment Module  

a) Assignments can be specified with a due date and a 
maximum grade; 

b) Students can upload their assignments (any file 
format) to the server - they are date-stamped.  

 

3) News Module  

a) RSS Feed reader allows consuming feeds that are 
generated by administrators or Public Relations 
Office;  

b) These feeds can be customized by allowing new 
channel adding. 

 
4) Messaging Module  

a) Messages are sent to the group or a single user;  

b) Course content can be attached to the message; 

c) If configured, a copy is sent to the personal e-mail.  
 

5) Calendar Module  

a) Users can add events and system will check for 
conflicts; 

b) Users can share events; 

c) Shared events are shown with a different color than 
users events; 

d) Events reminder is a useful function that sends mail 
to the user. 

 
6) Lesson Module  

a) Lessons are organized in a hierarchical level, where 
items represent folder or file.  

b) Navigation through the lesson can be straight 
forward by using tree view where the content of the 
selected item is shown on a grid view with a paging 
feature enabled.  

c) Page content is HTML compatible, with a full set of 
edit tools for the teacher  

d) Password protected folders if desired  

e) Access to updated roster 
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7) Quiz Module  

a) Questions can be added dynamically from an existing 
list of question types, such as: Multiple choice 
questions (radio buttons), multiple select (Checkbox), 
true/false, Drop Down list and Text/Essay. 

b) Quizzes are automatically graded, and can be re-
graded if questions are text type or essay  

c) Quizzes can have a limited time window outside of 
which they are not available  

d) Quiz questions and quiz answers can be shuffled 
(randomized) to reduce cheating  

e) Questions allow HTML and images  
 

8) Resource Module  

a) Files such as PDFs and Microsoft Office formats are 
directly embedded to the page 

b) Files can be uploaded (renamed, moved) and 
downloaded  (zipped, unzipped) on the server  

c) Folders can be created and managed on the server  

d) Internal web pages (html formatted) can be created 
with Coolite HTML editor Internal text pages (no 
formatting) can be created and linked to  

e) External web applications can be linked to with data 
passed to them  

 
9) BLOG Module  

a) Blogs are enabled to all the staff, where students are 
able to add comments to an existing blog post. 

V. STRENGTHS OF THE SYSTEM  
Content management. The content management or resource 

management is done by the users for the users, so content will 
be always up-to date since it is teachers’ responsibility to do 
so. This is an easy process which will reduce the time to 
disseminate information or expertise to the students.  

Learning. The whole idea behind the LCMS system is to 
provide a qualitative learning content which can be easily 
distributed anywhere it is needed and in a form which can be 
easily red by users.   

Increasing communication through the new LCMS. The 
system has features which allow normal communication 
between users by using the messaging module and calendar 
module.  

The new LCMS will save the University and students 
money when learning parts that were used to be printed early 

now are completely web-based. Example, an Online Quiz will 
substitute any paper printing of the same quiz. 

Interoperability. The system is designed to work on all 
major browsers that support JavaScript. 

Future use of the content. The content is stored in a file 
format and some parts in database. In case of radical changes 
in the hardware or software, the separation is already done. 
On a click of a button ones content can be archived and 
distributed using a file format or an XML format. 

VI. CONCLUSION  
In the realization process of the LCMS we have used 

modular approach. All the above modules were first 
developed independently and then integrated into the final 
composition. Using this approach has two main benefits. The 
First is that modules were developed simultaneously, what 
saved us a lot of time. The second benefit is that the LCMS 
application is very scalable which means that later we can 
easily integrate additional modules without affecting the 
existing ones.  

At the end, we would also mention that the main 
beneficiary of the LCMS system is the SEE University, who 
in one hand has less financial expenses and on the other hand 
it has a system that has been created according to the 
university needs. 
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