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Project Background 

e-Learning is a concept that has been the subject of discussion since the early adoption of 

the internet, as a method of disseminating knowledge remotely to clients. Pailing 

summarizes the development and growth of e-learning globally in his 2002 paper “E-

learning: is it really the best thing since sliced bread” (1), where the idea of an e-learning 

system is split into two key areas – the delivery platform and the content to be provided. 

This  system can then be expanded to include the concept of being ‘profile based’, 

whereby each user of the system is given an individual account holding all of their details 

and progress that is then used to tailor the presentation of topics to their individual 

needs, in order to optimize the learning performance on a per-user basis. This was 

recognised by Dolog et al in the paper “Personalization in Distributed e-Learning 

Environments” (2), which emphasises the need for e-learning systems to adapt to their 

users, and not the other way round. Dolog also goes into detail of how the authors of 

content on the system must have fine-grain control on how the content is presented, to 

ensure that the final learning process delivers the required knowledge. 

This project will be based on the paper published by Frederick W.B. Li, Rynson W.H. Lau, 

and Parthiban Dharmendran entitled “A Three-Tier Profiling Framework for Adaptive e-

Learning” (3), implementing a distributed system architecture applying the principles laid 

down in Li’s paper to form a decentralized profile-based e-learning system. 

Definition of Terms 

Term Definition 

e-Learning All forms of electronic supported learning and teaching 
Web-based A system stored exclusively on the internet, where all information 

and functionality can be accessed remotely via a browser 
Web 2.0 Web-based systems with interactive components as opposed to 

static pages 
Profile An individual account given to a user of a system containing 

pertinent personal data 
Learning style Way in which a particular person may best acquire knowledge, such 

as through watching, hearing or doing a particular task (4) 
Distributed System Multiple autonomous nodes communicating and interacting over a 

network. 

 



Issues of Themes 

The main issue that is addressed by profile-based e-learning is the adaptation of the 

content to best fit the users requirement, as addressed in the 2003 paper by Shute & 

Towle (5), with Li (3) expanding upon this idea as far as suggesting a framework for 

achieving this by implementing a three-tier structure. Li separates the tiers into the 

Student Profile, Course Profile and Resource Profile, each holding the information 

pertinent to that area. These can then be collected as part of a ‘unified profile’ structure, 

where each part of the system has three sets of information stored – pre-conditions, core 

goals and advanced goals. By implementing this structure for each level of the three-tier 

approach, and storing a series of concept filters to map progression through the system, a 

tailored e-learning system can be introduced.  

Schute & Towle (5) also give 9 points they consider key to making an effective e-learning 

system,  based upon Gagne's ‘Nine Events of Instruction’ (6), which is arguably an 

extremely effective method of evaluating the usefulness of a system. There are many 

arguments currently being put forward that suggest people do not learn effectively when 

using an electronic system, and hence a major issue in the development of current-

generation e-learning system is overcoming this to ensure the teaching facilitated through 

the software is absorbed by the end user. The nine-step process given by Schute & Towle 

tries to quantify how the flow of a person learning should be reflected in an e-learning 

system, and hence is an extremely good measure of how effective a teaching solution is.  

The element of social networking can also be introduced into an e-learning environment, 

using web 2.0 technologies to engage with pre-existing or bespoke networking 

environments in order to allow users to interact with their friends and share their 

process, creating peer networks of people who may be interested in each other’s 

progress. This collaborative process is suggested by Li et al in (7), where they go into 

detail as to how this process of learning socially with others can have huge benefits to 

learners, and give examples of how this is already integrated within other commercially 

available packages. They also touch upon the issue of distributed processing as a 

necessity for any large-scale system, as huge amounts of media data need to be stored 

and accessed on a regular basis. They propose that a distributed system is the ideal 

solution to this problem, although introducing further issues in terms of cost with scaling 

the product to large numbers, and the added complexity of producing such a system. 

Socialising with others during the learning process was a key aim of the VES project (8), 

and as such provides an excellent benchmark for future e-learning systems, although the 

3D interactivity and virtualization displayed in the project is arguably an un-necessary 

addition and complication to the system, although the face-to-face aspect brings a new 

level of realism into the learning environment. They touch upon the nature of a web-

based system being accessible globally, and making cross-site collaboration a much more 



manageable task, one distinct advantage of a distributed e-learning system over 

traditional teaching methods. 

The 2002 paper by D. Sampson (9) highlights the base issues with implementing a web-

based e-learning system referencing the European ‘Knowledge on Demand’ system (KOD), 

suggesting breaking down the storage of knowledge information within SQL and XML 

databases, with further external learning repositories linked into this storage. Sampson 

also highlights the need for editors on the system to be able to define how the data is 

presented to the user, in terms of learning material right through to testing, and how this 

can be adapted dynamically by the system in order to make up the best learning 

environment. By defining the content available, and rules on which to perform 

transitions, the flow of a user through learning materials can be clearly mapped. This is 

re-enforced by Li’s findings in (3), where the knowledge requirements are split into 

‘Concept Spaces’, further segregated into Pre-Condition, Core and Advanced spaces as 

required, and then ‘Concept Filters’ are defined which show how transitions between 

teaching elements will occur, based upon user preferences and history. 

The effective storage of data within the e-learning system is a significant issue that must 

be overcome for it to be effective. Dolog, Henze, Nejdl & Sintek (2) go some way to 

suggesting ontologies for this purpose, and also propose the meta-data necessary to 

serve the content in a usable manner. 

The concept of a distributed architecture is extremely important in relation to an e-

learning system, as the majority of use cases for e-learning involve vast numbers of users 

all wanting to access the course material. Brusilovsky goes into significant detail in his 

2004 paper “A Distributed Architecture for Adaptive E-Learning” (10), where he overviews 

the main issues with current-generation e-learning systems, and proposes a series of 

solutions to these problems. One of these issues is the many different systems 

implemented in institutions currently, each requiring a separate login (or bridging systems 

together) and storing information separately. Because of this segregation of data, the 

idea of integrated systems is nigh-on impossible to implement. Brusilovsky suggests that a 

single distributed system is the best solution to this problem, and gives a sample 

architecture implemented in the ‘KnowledgeTree’ software as a model for building such a 

system. 

Taking this distributed architecture to the internet is not a new concept. Peter 

Westerkamp (11) gives an in-depth study into the work on ‘LearnServe’, a piece of 

learning resource software based on the internet, providing a gateway for learners to 

access external information relevant to the teaching programme they are currently 

working on. He highlights the necessity for web-based applications to communicate with 

each other, and the need for any e-learning software to be able to interpret any number 

of different protocols (RSS, SOAP etc) in order to automatically keep itself up-to-date with 

the latest content, so that course managers can take a hands-off approach – the 



alternative being the system holding out-of-date information, which obviously presents a 

wide variety of issues. 

The actual architecture of the web-based system is a potential issue for the project, as Liu 

et al express in their paper ‘An Implementable Architecture of an e-Learning System’ (12). 

More and more e-learning systems are being based on the internet; however Liu points 

out the lack of current standards for interoperability, making the distributed nature of the 

system useless when it comes to information sharing. They suggest a number of models 

in order to try and overcome this issue, whereby the system is given scope to 

communicate externally to other teaching systems, an essential concept when dealing 

with truly distributed e-learning systems. 

Project Direction 

Implementing a distributed e-learning system that is accessible by many clients in many 

locations is a problem that has many different solutions of scaling complexity; however 

the simplest and arguably most efficient method of creating this kind of system is by 

basing it on the web. This ensures that it can be accessed by any user anywhere with 

internet connectivity, but also makes the implementation hardware and software 

independent, a bonus if it is to be distributed amongst large numbers of machines. 

There are many large-scale commercial virtual learning environment (VLE) software 

packages available on the market today; however the majority of these do not give any 

scope for interacting with other pieces of software, and rely heavily on centralized servers 

to store user information. By creating a distributed system holding user information, this 

issue of scalability is overcome, and therefore allows future development to the system 

to work with the existing data, rather than bridging gaps between different software. 

The three-tier system proposed by Li (3) gives a clearly defined structure through which 

adaptive e-learning can take place, however to date it has not been implemented in any 

usable format. By taking the theoretical model and applying it to a real-world system, the 

usefulness of the structure can be evaluated. The structure gives scope for expansion of 

the concept, and as such is ideal to experiment with. 

Combining these two concepts into a single distributed e-learning package will 

demonstrate the effectiveness of both individual ideas, addressing numerous issues that 

current-generation VLE’s suffer from due to their centralized nature and inextensible 

workings. 

Proposed Solution 

I propose to implement the three tier system outlined in F. Li’s paper (3) based upon a 

distributed back-end server system whereby all user information is available for 

integration wherever needed, allowing for the concept to be expanded upon. In order to 

make the solution as distributed as possible, I intend to make the system web-based, 



although attempting to retain the client-server structure in order that the distributed 

architecture can be shown as a proof of concept. I will pay close attention to the issues 

raised by Westerkamp in (11), to ensure that the system meets the requirements of a 

web-service, and also the 9-step learning process suggested by Kruse in (6). 

The inter-operability aspect of e-learning systems is highlighted in a number of papers, so 

I will try to make the system as open as possible, in so far that interfaces are provided in 

order that externally based systems can interpret and use the data stored within the e-

learning software produced. This interactivity will need to be clearly defined and carefully 

implemented, to ensure that data can be transferred without any privacy issues 

surrounding personal learning data being displayed to the user. Segregating these 

different areas of the system will be a high priority. 

The merits of collaborative learning are demonstrated in many currently-available 

applications, as such I would aim to make an e-learning system integrate with an existing 

or bespoke networking service, so that users can interact with other people during their 

learning process, rather than being isolated and left to their own devices. Due to the 

nature of the internet, any user will be able to access the system from anywhere in the 

world with an internet connection, and processing power of the connected machine will 

not be an issue, however careful attention will have to be paid to the server software to 

ensure that quick responses occur on requests, as the attention span of the average 

computer user is shorter than when compared to that in a non-electronically based 

environment. 
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