[image: image14.wmf] 

 

ioHUB

 

ioAgent

 

 

   ioDB

 

  ioAgent

 

Legacy 

Application

 

Legacy

 

Database

 

Application

 


A Report from a Desk Top Study Commissioned by the

JISC e-Learning Programme – Technical Framework and Tools Strand
By

David Balch, Maia Dimitrova, Ian Gloster, Tjitske Kamphuis and David White

Technology-Assisted Lifelong Learning Unit

University of Oxford

August 2004

	[image: image1.jpg]TALL/\CML:

OXFORD




	[image: image2.jpg]





Table of Contents

31. Introduction










42. Review Scope










43. Target Audience










54. Methodology










    54.1 Preparation










    84.2 Review











85. Review Findings










    85.1 Overview of e-Learning Implementations






    105.2 Overview of e-Learning Specifications and Standards




    105.3 Comparison of e-Learning Technology Platforms





12Acknowledgments










13APPENDIX 1: Predefined List of the e-Learning Developments




14APPENDIX 2: e-Learning Implementations Reviews





    14Blackboard Building Blocks








    17Bodington











    19Carnegie Mellon Learning Systems Architecture





    21Collaborative Online and Information Services (COLIS)




    23FD Learning Environment








    26ioNode











    29LionShare











    32Moodle (Modular Object-Oriented Dynamic Learning Environment)


    35SAKAI











    38UK e-Universities (UKeU) Platform







    41uPortal











    43WebCT Vista










45APPENDIX 3: e-Learning Specifications and Standards Reviews



    45electronic-Government Interoperability Framework (e-GIF)




    47IMS Abstract Framework








    50The Open Knowledge Initiative (OKI)







    52SIF Implementation Specification







    55Web services










58APPENDIX 4: Technology Platforms Reviews






    58Java 2 Enterprise Edition (J2EE)







    60.NET Framework













1. Introduction

Recent years have seen an increasing development of Managed Learning Environments (MLEs) in a range of HE and FE institutions to enhance the quality of the teaching and learning they provide. Common criticism of MLE developments has been their ‘additive’ approach to connecting components
. Instead of adding separate components, Boys (2002) argues that MLE developments should encompass common services that are shared between application components to underpin flexible e-learning. This argument has been reiterated by Britain and Liber (2004)
.

Perhaps in response to such criticism, in recent months the e-Learning world has seen some changes in respect of consolidating e-Learning delivery and management systems and applications. Large scale IT projects, such as developing and implementing a MLE are however expensive, and reuse of this investment has been difficult, mainly due to differences between institution requirements and the computer systems maintained. Pooling resources to work on a single project, initiatives for their interoperability, and common institutional and multi-organisational architectures are needed, together with wider involvement and large investment from the main online learning stakeholders.

JISC-CETIS, the Australian Government Department of Education, Science and Training, and Industry Canada are collaborating on the production of an e-Learning Framework (http://cetis.ac.uk:8080/frameworks). According to a recent paper
: 

‘This e-Learning Framework [ELF] is based on a service-oriented factoring of a set of distributed core services required to support e-Learning applications, portals and other user agents. Each service defined by the Framework is envisaged as being provided as a networked service within an organisation, typically using either Web Services or a REST-style HTTP protocol.’

The JISC e-Learning Programme – Technical Framework and Tools Strand intends to provide HE and FE institutions with toolkits to implement relevant components of a service-oriented infrastructure. These toolkits can be used to provide standards-based communication across an institution, drawing together legacy systems such as library and registry with a wide range of services that can be implemented to suit each institution’s specific needs.

A number of existing e-learning systems, education-related standards and technology platforms appear to have relevance to the ELF and may have some bearing on the programme’s future development activity. It is the principal aim of this report to review a set of current e-learning development activities, presenting the scope, rationale, target audience, methodology and findings from the review. 

2. Review Scope

The study aims to review a predefined set of existing e-learning developments at three levels: 

i) e-learning implementations, including Virtual Learning Environment (VLE) platforms and larger integrated e-learning systems and frameworks, including Blackboard Building Blocks, SAKAI and uPortal; 

ii) e-learning standards and specifications, including OKI and e-GIF;  

iii) technology platforms, including .NET and J2EE.

The reviews were focused on a predefined set of e-learning developments. In particular, twelve e-learning implementations, seven e-learning standards and specifications and two technology platforms were reviewed. The study, therefore, does not aim to be all-encompassing; instead it focuses on the major systems that have been developed that have particular relevance to the ELF.

A full list of all the e-learning developments that were reviewed is given in Appendix 1.

3. Target Audience 

The three main target groups of this study are:

· e-learning managers and technical developers within FE and HE institutions;

· JISC Committee for Learning and Teaching (CLT) and the JISC Executives;

· technical development projects within the JISC e-Learning Programme – Technical Framework and Tools Strand.
It is considered that the first group will be able to use the findings in this report on a stand-alone basis, whereas the second and third groups will benefit from referring to the ELF mapping and recommendations document produced by the project; that document is separate from this report. 

The potential benefits for each group are presented in Table 1.

Table 1. Target groups and potential benefits

	TARGET GROUP


	POTENTIAL BENEFITS

	1. e-learning managers and MLE technical developers within FE and HEIs
	· Increased understanding of the current state of e-learning developments.

· Information on what the best features are in the current e-learning developments.

· Information on the key lessons learned from the implementation of the current e-learning developments.



	2. JISC CLT and the JISC Executives
	· Increased understanding of the nature of existing e-learning development activities that relate to the different services specified in the ELF. 

· Information on the main vendors with whom to establish links, or cooperate with, in the development of the ELF.



	3. Technical development projects within the JISC e-Learning Programme – Technical Framework and Tools Strand


	· Increased understanding of existing e-learning developments that relate to the ELF.

· Guidance on how tools being developed may relate to existing products.


4. Methodology

The methodology used in this study followed three main stages: preparation, review and analysis.

4.1 Preparation

In this stage, three templates were created, outlining the review criteria for each development to be reviewed. The templates aimed to extract specific information about the developments, such as primary user group, maturity and design philosophy, in a consistent manner, to ensure the rigour of the review process. As more than one specialist took part in the review, the templates also served to maintain the consistency of data extraction in different reviewers’ work.

The tables below present a short description of each criterion used in the review process, for each of the three types of developments reviewed.

Table 2. Relevant information about the e-learning implementations

	Name
	Provides the name of the implementation and its URL.

	Vendor
	Provides the name of the developing organisation/s.

	OVERALL DESCRIPTION

	Description
	An overview of the purpose of the implementation.

	Components
	A diagram of its pertinent components, in terms of main functions or services that it provides.

	Rationale
	Describes the reasons for its development.

	Business model
	Describes how the development of the implementation was financed. In the cases where it is not open source, the fee for its licence is given.

	Primary user group
	Who it is aimed at in terms of the target sector or profession.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation
	Describes how it is technically realised and implemented.

	Design philosophy
	A short description of the design assumptions made. 

	Maturity
	What the latest version of the implementation is, and when it was released.

	Future developments
	Describes any known plans for its further upgrade or development, including features or services to be built.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in
	The number, or type, or a list, of the main organisations who have deployed the VLE or e-learning development.

	Success of implementation
	Describes how successful the implementation has been in the organisations that have deployed it. The assessment is based either on the reviewers’ direct experience or on evidence gathered from the websites of the organisations that have implemented the development. 

	Best features
	A list of the known best features of the implementation, based again on the reviewers’ direct experience or on evidence gathered from the websites of the organisations that have implemented the development.

	Lessons learned
	Describes any difficulties with the implementation of the development and/or features that have not worked successfully. 

	Further resources
	References to related websites and documentation for further information.


Table 3. Relevant information about the e-learning specifications and standards
	Name
	Provides the name of the specification and its URL.

	Vendor
	Provides the name of the developing organisation/s.

	OVERALL DESCRIPTION

	Description
	An overview of the purpose of the specification.

	Components
	A diagram of its pertinent components.

	Rationale
	Describes the reasons for its development.

	Business model
	Describes how the development of the specification was financed. In the cases where it is not open source, the fee for its licence is given.

	Primary user group
	Who it is aimed at in terms of the target sector or profession.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation
	Describes how it is technically realised and implemented if appropriate.

	Design philosophy
	A short description of the design assumptions made.

	Maturity
	What the latest version of the specification is, and when it was released.

	Future developments
	Describes any known plans for its further upgrade or development.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in
	The number, or type, or a list, of the main organisations who have applied the specification.

	Success of implementation
	Describes how successful the implementation has been in the organisations that have deployed it.

	Further resources
	References to related websites and documentation for further information.


Table 4. Relevant information about the e-learning technology platforms
	Name
	Provides the name of the technology platform and its URL.

	Vendor
	Provides the name of the developing organisation/s.

	OVERALL DESCRIPTION

	Description
	An overview of the purpose of the technology platform.

	Rationale
	Describes the reasons for its development.

	Business model
	Describes how the development of the technology platform was financed. 

	Primary user group
	Who it is aimed at in terms of the target sector or profession.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation
	Describes how it is technically realised and implemented if appropriate.

	Design philosophy
	A short description of the design assumptions made.

	Existing APIs
	Provides the names and URLs of existing Application Programming Interfaces.

	Maturity
	What the latest version of the technology platform is, and when it was released.

	Future developments
	Describes any known plans for its further upgrade or development.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in
	The number, or type, or a list, of the main organisations who have deployed the technology platform.

	Success of implementation
	Describes how successful the implementation has been in the organisations that have deployed it. The assessment is based either on the reviewers’ direct experience or on evidence gathered from the websites of the organisations that have implemented the development. 

	Best features
	A list of the known best features of the technology platform, based again on the reviewers’ direct experience or on evidence gathered from the websites of the organisations that have implemented the development.

	Lessons learned
	Describes any difficulties with the implementation of the technology platform and/or features that have not worked very successfully. 

	Further resources
	References to related websites and documentation for further information.


4.2 Review

During this stage, each development was critically reviewed. The reviews were conducted in four steps:

· Data gathering: Each reviewer first obtained access to original documentation and specifications relevant to the items they are reviewing. The first point of information was the vendor’s website. In addition, documentation was obtained from user or third-party websites. Where no sufficient information was obtained from these sources, the vendor was contacted directly. 

· Data extraction: Each document obtained was examined for relevant information regarding different aspects of the e-learning development, for example business model, maturity, further developments.

· Critical assessment: After that, the reviewers assessed the success of implementation of the development, and identified the best and the worst features, and lessons to be learned from its implementation.

· Data recording: The findings were recorded using the templates created in the preparation stage.

5. Review Findings

A detailed description of each e-learning development reviewed is given in Appendixes 2, 3 and 4.

Summaries of the findings are presented below.

5.1 Overview of e-Learning Implementations

The twelve implementations reviewed include global framework initiatives, failed government-funded VLEs, commercial VLEs, open-source VLEs, and a peer-to-peer repository and search application. The breadth of these technologies is representative of the current e-learning environment and demonstrates the myriad of choices that face HEIs and FEIs as they decide on the best possible route to managing the institutions and delivering online courseware. The majority of these implementations can be made to work effectively within an institution; the challenge is in shifting from attempting to find technology that works per se, to employing technology that is both sustainable and flexible on a long-term basis. The systematic nature of the reviews has made possible the gathering together of a collection of issues that can often go unnoticed in the evaluation of possible technological solutions. This should aid developers and managers in their initial research and evaluation of e-learning technologies, especially in relation to the long-term sustainability and flexibility of each option. 

5.1.1 Main Components 

The wide range of types of implementation has led to a wide range of components being identified. The style of these components varies across implementations, in that some implementations such as ioNodes are concerned with transferring data and linking systems, some such as uPortal are open environments to plug data sources into and some such as Moodle are modules of an overall package ready for students to engage with. Common components include: authentication, authorisation and search. The VLE implementations also commonly have such components as: group management, assessment, content, etc. The components section of the reviews could be a starting point for comparing an institution’s needs with the overall functionality of an implementation.

5.1.2 Best Features

The best features of the implementations are usually related to their potential flexibility, relationship with existing e-learning specifications and how open the code is. These aspects were considered to be the most crucial in the potential long-term success of the implementation. The reviews do not attempt to critically evaluate the success of individual components but rather the overall appropriateness of the implementation within the e-learning community.

5.1.3 Lessons Learned 

The more mature implementations have had the time to be assessed and learned from. Where appropriate, the reviews include information about some of the key factors that have been overcome, or which were challenging in the development of the implementation. The major recurring theme in this section is the need for clear communication and semantics. Many similar areas of functionality have multiple names or labels, which can confuse both developers and students. Also, the need for clear supporting documentation is paramount; this need extends to the implementation’s website. Commercial vendors often had inadequate information online and would appear to be forthcoming only if an interest in buying the product was expressed. The websites of the open-source projects were often not clear about which aspects of the implementation were built and which were still theoretical. 

A significant amount can be learned from the UKeU project, and should be noted to avoid similar mistakes in the future. This is especially pertinent as increasingly flexible software solutions do not necessarily sidestep all of the problems from which the UKeU suffered. 

5.2 Overview of e-Learning Specifications and Standards

These range from arrangements of interconnecting services to clearly defined libraries of reusable code. The reviews attempt to place each of the specification and standards initiatives in context. This process draws out potential relevance to developers, and should help to outline the different approaches and aims that are represented by what can appear to be an ill-defined and abstract area.

5.3 Comparison of e-Learning Technology Platforms

J2EE and the .NET framework are the two leading modern software development platforms under consideration for creating ELF services. Both technology platforms have essentially the same role – to provide a programming environment and language, and a runtime environment. There are many differences, however, and those particularly relevant to developing ELF services will be discussed here. 

5.3.1 Portability/supported platforms

Both technologies are designed to be portable over different platforms – both hardware (for example, Intel x86 PC, Apple Mac/PowerPC, Sun SPARC) and operating system (for example, Microsoft Windows, GNU/Linux, Apple OS X, Sun Solaris).

Both have some level of ‘official body’ standardisation, which should allow any third parties to implement the technology.

There are several implementations of J2EE:

· Sun’s reference implementation.

· There are several third-party implementations, that are certified to various versions of J2EE (http://java.sun.com/j2ee/compatibility.html): 

· There are four certified implementations for the current J2EE 1.4:

· IBM

· Oracle

· Tmax Soft

· Trifork

· There are twenty certified implementations for the older J2EE 1.3.

Third-party J2EE implementations typically claim better performance and additional features, compared with the reference implementation. However, additional features inherently cannot be part of the current J2EE standard – and use of them may limit portability.

There are currently three implementations of the .NET Framework, at various stages in development:

· The main implementation, from Microsoft (known as Rotor).

· The open-source Mono project (http://www.mono-project.com/), which implements the core parts of .NET on Unix-like operating systems (e.g. Linux, Mac OSX), as well as components and bindings that enable the use of many existing Linux tools.

· The open-source DotGNU project, incorporating portable.NET, (http://www.gnu.org/projects/dotgnu/) aims to provide compatibility with .NET on Linux computers, but is seen by its founder, Norbert Bollow, as a competitor to the .NET framework. DotGNU reuses some parts of Mono, so might not be strictly considered a separate implementation.

While the core of .NET has been submitted as ISO/ECMA standards, other parts of .NET (for example, ADO.NET, ASP.NET and Windows.Forms) have not, and third-party implementations could be subject to patent licences/litigation.

The Mono project is confident that this will not become a problem because the core parts of .NET are freely available to implement:

· The submission of the core of .NET to the ISO/ECMA standards bodies.

· A statement asserting that anyone is allowed to implement the parts of .NET in the ISO/ECMA submission for free and for any purpose.

The Mono project’s plans to deal with any patent issues raised against it for the non-ISO/ECMA parts could result in an incomplete implementation, potentially leading to portability problems: http://www.mono-project.com/about/licensing.html#patents
This shows that J2EE is already a cross-platform technology, while .NET has limited platform coverage, and there are doubts about the viability of third-party implementations. This has significant implications for institutions wishing to avoid vendor lock-in.

5.3.2 Single-vendor solutions

In general, single-vendor solutions provide more reliable results than multiple-vendor solutions, owing to better coordination. Single-vendor solutions are available for both J2EE and .NET, while a J2EE solution could also be acquired through multiple vendors.

5.3.3 Programming language support

· J2EE programs must be written in Java.

· .NET programs can be written in many programming languages, including C#, C++, Visual Basic, Python, Eiffel. Use of these languages can be mixed within a program (although this is likely to complicate development and maintenance).

The preferred programming language for developing a service will depend on:

· The language used in any legacy software with which the service has to interact.

· The skills available for developing the service (for example, do in-house programmers already know one of the development languages?).

· The language used in other projects with which the service will interact. J2EE appears to have more traction in JISC ELF projects than .NET at the moment, although use of cross-platform web services should make this less relevant.

5.3.4 Web services support

Both J2EE and .NET have built-in support for key web service technologies XML and SOAP.
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APPENDIX 1: Predefined List of the e-Learning Developments

1. e-Learning Implementations 

· Blackboard Building Blocks programme (www.blackboard.com)

· Bodington (http://www.bodington.org/index.html)

· Carnegie Mellon Learning Systems Architecture Lab (LSAL) Learning Services Architecture (http://www.lsal.cmu.edu/lsal/expertise/projects/servicesarchitecture/index.html)
· Collaborative Online and Information Services (COLIS) including IIS&R (http://www.colis.mq.edu.au)

· FD Learning environment (http://www.fdlearning.com/index.htm)
· ioNode (http://www.ioagent.org)

· Lionshare (http://lionshare.its.psu.edu/main)

· Moodle (http://www.moodle.org)

· SAKAI (http://www.sakaiproject.org/)

· UK e-Universities platform (http://www.ukeu.ac.uk/)

· uPortal (http://mis105.mis.udel.edu/ja-sig/uportal/)
· WebCT Vista (www.webct.com)
2. Specifications and Standards Initiatives 

· electronic-Government Interoperability Framework (e-GIF) (http://www.govtalk.gov.uk)

· IMS Abstract Framework (http://www.imsglobal.org/af/index.cfm)

· Open Knowledge Initiative (OKI) (http://web.mit.edu/oki/index.html)

· Schools Interoperability Framework (SIF) (http://www.sifinfo.org/)

· Web service specifications (other) (including http://www.w3.org/2002/ws/ and http://xml.coverpages.org/)

3. Technology Platforms 

· Sun ONE platform (J2EE) (http://java.sun.com/j2ee/)

· Microsoft reference architecture (.NET) (http://msdn.microsoft.com/netframework/default.aspx)
APPENDIX 2: e-Learning Implementations Reviews

	Blackboard Building Blocks 

http://www.blackboard.com/dev/DevOverview.htm


	Vendor
	Blackboard Inc.

	OVERALL DESCRIPTION

	
	Blackboard Building Blocks are applications that third-party software vendors or academic institutions can build to extend the Blackboard platform and to integrate Blackboard with external applications. They can be used, for example, to integrate Blackboard with a Student Information System. Developers can create these ‘Integration Agents’ (or Blackboard Extensions) using interface elements of the Blackboard Learning System and Blackboard Portal System.

	Components

	
	How Blackboard Building Blocks can be used to connect Blackboard with other systems
:
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	Rationale

	
	The program is designed to encourage the use of Blackboard products by making them more flexible and extendible and therefore more attractive to HE and FE institutions. Building Blocks can be used to integrate Blackboard with existing systems, thereby making Blackboard more cost-effective to use. By encouraging the development of Building Blocks, Blackboard can offer an expanding amount of functionality without having to develop it themselves.

	Business model

	
	The Building Blocks APIs are developed by Blackboard Inc. The Software Developers Kit (SDK) is free. Developers pay a fee ($499/year) to the developers’ network. Third-party vendors can sell their Building Blocks for a fee. 



	Primary user groups

	
	· Software vendors who want to develop Building Blocks and sell them to academic institutions.

· Academic institutions who want to customise their version of Blackboard in house.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	The Building Blocks application framework consists of Java APIs that interface with Blackboard. The latest version (6.1) also has a .NET version of the APIs.

	Design philosophy

	
	The core of the Building Blocks is the Building Blocks Manager that aims to enable data exchange, interoperability, and transaction processing with other technologies
. Building Blocks is designed to allow data exchange among systems. 

	Maturity

	
	For each release of Blackboard a Building Blocks SDK is released.

Current releases:

· Release 6.1 SDK for the .NET Framework 

· Release 6 SDK

	Future development

	
	Blackboard is planning additional APIs that will enable the Building Blocks to access native Blackboard tools such that Building Blocks could launch, and vice versa.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	There are currently 106 Building Blocks in the Building Blocks Catalogue. At the time of writing there are 64 different vendors that distribute Building Blocks through the catalogue. These are mostly software vendors that charge for the Blocks, but there are also some universities who distribute theirs for free. 

The Building Blocks Catalogue can be accessed from the Blackboard website (http://www.blackboard.com/addons/b2/catalog.htm)

	Success of implementation

	
	N/A

	Best features

	
	A lot of Building Blocks have been developed. A useful example is the Blackboard Content Player Building Block, which makes it possible to use content that conforms to SCORM, IMS, or NLN standards.

	Lessons learned

	
	· The BlackBoard website is not very clear. 

· Building blocks are sometimes called ‘Integration Agents’ and ‘Blackboard Extensions’. 

· The Building Blocks Catalogue search does not work very well. 

· The Building Blocks Catalogue does not give very much information about the Blocks. A comment/rating system would be very useful.

	Further resources

	
	http://www.blackboard.com/dev/index.htm
http://www.blackboard.com/addons/index.htm
http://www.blackboard.com/dev/faq.htm
http://www.blackboard.com/common/docs/White_Paper_2003.pdf


	Bodington

http://www.bodington.org/index.html


	Vendor
	Originally developed by the University of Leeds. Now it is an open-source project that is being developed by different partners.

	OVERALL DESCRIPTION

	
	Bodington is a free, open-source VLE. Its main features include: log books, questionnaires, assignment submission, etc. The structures provided use the metaphor of a campus with buildings, floors and rooms.

	Components

	
	The Bodington VLE software provides a mechanism for adding new resource types into the system. A resource consists of the following components:

· A Template – this is an HTML document which is used to render the resource. In addition to HTML it contains various script instructions. 

· A Facility – this is a Java class which allows extensions to the scripting language used in the template. These extensions allow the template to communicate with, and get data from, the implementation. 

· An Implementation – this is the Java class that does most of the work. A new instance of this class is created for each new resource instance.

	Rationale

	
	When it was developed, the University of Leeds was not satisfied with the commercial products on the market. It decided to create its own VLE that was flexible and customisable.

	Business model

	
	Bodington is provided freely as open-source software. It is being developed by the Universities of Leeds and Oxford.

	Primary user group

	
	· Academic institutions.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	A Java web application that runs on Tomcat or iPlanet Web Server.

	Design philosophy

	
	Bodington is designed using the idea of a physical campus reproduced virtually (online) as a structure. Users place materials, questionnaires and other components in a specific room on a floor of a building on the virtual campus instead of organising it into faculties, courses, etc. The idea is to make information easy to find by being able to direct students and staff to a specific building and room instead of giving a web address.   

	Maturity

	
	Current version is 2.1.1.

	Future development

	
	· Improved look and feel

Logbook enhancements – e-portfolio features 

· Shibboleth 

· Transition to PLE (Bodington III)

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	Currently the University of Leeds, the University of Oxford, UHI

Millennium Institute, Eaton College and Manchester University.

	Success of implementation

	
	It is being used widely by different departments in the University of Oxford for support of classroom students, and recently also to support distance students.

	Best features

	
	· Accessible (different display options).

· Highly customisable look and feel.

· Questionnaires and assessments can be imported and exported in IMS QTI format.

· Customisable functionality.

· Free.

· Project aims to conform to standards.

· URLs are in a standard format and so can be bookmarked by students.

	Lessons learned

	
	· Dated interface (there are plans to improve this).

· User management is very limited.

· Discussion forums are very limited but have been recently improved.

· No calendar function. 

· Documentation not well organised.

	Further resources

	
	http://www.oucs.ox.ac.uk/ltg/vle/vleintro.pdf
http://bodington.org/bodington/opensite/bodproject/information/about/overview/
http://sourceforge.net/projects/bodington/


	Carnegie Mellon Learning Systems Architecture

http://www.lsal.cmu.edu/lsal/expertise/projects/servicesarchitecture/index.html


	Vendor
	Carnegie Mellon Learning Systems Architecture Lab (LSAL) (a group that conducts research and develops system design, prototypes and best practices for internet-based technologies for education and training).

	OVERALL DESCRIPTION

	
	The Learning Services Architecture is a framework for developing service-based and component-based learning technology systems. It provides guidelines and recommendations for institutions that want to develop their own systems. The Learning Services Architecture provides the description and architecture for a Virtual University system and gives recommendations for technical implementation. A prototype (Consequence Management University (CoMVU)) based on the architecture is also being developed.

	Components

	
	LSAL Architecture (http://www.lsal.cmu.edu/lsal/diagramlibrary/stackarchitecture/stack.pdf )
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	Rationale

	
	With the Learning Services Architecture LSAL is defining its own future goals. The framework was defined as part of a research project to specify the architecture for a Virtual University system that emphasised accessibility and interoperability.

	Business model

	
	N/A

	Primary user group

	
	· Academic institutions who want to build a learning system.  

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	A collection of prototype web services has been implemented 

(see http://www.lsal.cmu.edu/lsal/resources/services/index.html). At the moment there is no plan for a complete implementation of the Virtual University.

	Design philosophy

	
	There are several key characteristics of the Virtual University
:

· Based on a collection of distributed services;

· All components and services are interconnected via a messaging scheme;
· The services, protocols and data formats should rely on established or emerging standards; 
· All components for use, operations, maintenance and content development must be accessible via web-enabled devices, using web (HTTP) protocols for access;
· Core components, such as database management, directory services, mail services, web server and web application servers are assumed to be available for direct use.

	Maturity

	
	Developed in 2000 to 2001.

	Future development

	
	Unclear as of moment of writing.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	Not implemented.

	Success of implementation

	
	N/A

	Best features

	
	N/A

	Lessons learned

	
	N/A

	Further resources

	
	http://www.lsal.cmu.edu/lsal/expertise/technologies/learningservices/vuarchitecture.html
http://www.lsal.cmu.edu/lsal/index.html
http://www.lsal.cmu.edu/lsal/diagramlibrary/stackarchitecture/stack.pdf


	Collaborative Online and Information Services (COLIS)

http://www.colis.mq.edu.au/


	Vendor
	The COLIS Consortium consists of Macquarie University, University of Newcastle, University of New England, University of Southern Queensland and the University of Tasmania. COLIS is now supported by Macquarie University, Australia.

The partners in the project are Computing Associates, Fretwell-Downing Informatics, IPR Systems, WebCT, and WebMCQ. The testbed site will be hosted by the CSIRO/Macquarie Internet Innovation Centre at Macquarie University.

	OVERALL DESCRIPTION

	
	COLIS aims to develop a scalable standards-based model for institutional interoperability which enables the seamless sharing of online learning and scholarly information resources. In particular, interoperability was based on adoption of IMS standards such as Content Packaging and Digital Repositories, the IEEE Learning Object Meta-data (LOM) standard, and the Open Digital Rights Language (ODRL) standard.

	Components

	
	The functional components in the learning and information space (www.colis.mq.edu.au/projects/ repos/docs/grant_proposal03.doc).
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	Rationale

	
	COLIS aims to establish links with international software companies, corporate management systems providers, learning management systems, content producers, and national government agencies. This collaboration will establish a testbed for the development of collaborative online learning and information services, and develop a scalable standards-based model for institutional interoperability, as well as contributing more fully to the work of the Instructional Management System (IMS).

	Business model

	
	COLIS was funded by the Australian Department of Education, Science and Training (DEST).

	Primary user group

	
	· Providers of higher education. However, its e-reserve and distributed search components would find application in libraries.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	Not known.

	Design philosophy

	
	COLIS aims to bring educators and commercial developers together, to produce an e-learning environment with the emphasis on standards and interoperability. For example: Computer Associates (single sign-on, portal, directory services), Fretwell-Downing (library e-reserve and distributed search gateway), IPR Systems (Learning Object Trading Exchange), WebCT (Learning Management System).

	Maturity

	
	The first attempt at an overview diagram of the COLIS environment was produced in early 2002.

	Future development

	
	Possible developments in Phase 2 may include:
· integration of Simple Object Access Protocol (SOAP)

· use of Educational Markup Language (EML)

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	COLIS is currently implemented in Macquarie University’s testbed.

	Success of implementation

	
	The project has demonstrated the need for further time and funding to resolve the technical and interoperability issues uncovered so far.

	Best features

	
	· Interoperability: provides compatibility between components within the system.

· Substitutability: components need not be tied to any particular vendor.

· Standards-based: will aid compatibility.

· Attempts to incorporate digital rights management: tracking of intellectual property/copyright.

	Lessons learned

	
	· There was some confusion among the participants with regard to terms such as ‘Learning Object’, ‘Single Sign-On’, ‘interoperability’ and ‘integration’. There is a requirement to standardise these terms.

· Implementation of digital rights management (DRM) highlighted the need for single sign-on so that licence agreement verification could be carried out at all stages of the learning objects processing. No widely accepted standard for single sign-on exists at present, which proved a significant challenge for the project.

	Further resources

	
	http://www.prometeus.org/index.cfm?PID=282&DocID=79&action1=display&action2=long  


	FD Learning Environment

http://www.fdlearning.com/index.htm


	Vendor
	FD Learning

	OVERALL DESCRIPTION

	
	FD Learning environment (Le) is a commercially produced Virtual Learning Environment focused on managing users and content. FD Learning also claims to support learners’ planning and reflection through a learning log, and learning action planning facility. FD builds in extra functionality such as chat, forums, assessment and conferencing by encouraging clients to buy other ‘best of breed’ software, such as: Questionmark Perception or Akiva Webboard.

	Components

	
	The main components include:

· Content management

· Assessment (third party)

· Progress tracking

· Email

· Calendaring

· Communication/Chat (third party)

· Authentication

The FD Le provides facilities to manage content and learners, to personalise learning, and for the creation of action plans. FD claim to have aligned their VLE to other applications, such as Questionmark Perception or Akiva Webboard, which we assume to mean that single sign-on is retained. The VLE also claims to allow discussions to be integrated with presentation of structured learning materials to a degree, by linking discussion groups and threads to the VLE.

	Rationale

	
	FD Le gives educators and content developers a means to produce content, manage and repurpose content, track learners’ activities, progress, and achievements at individual and group level, integrate communication and collaborative facilities, and provide interoperability with administrative systems to enable sharing of data.

	Business model

	
	FD Le is a wholly commercial venture. The software may be purchased for installation on an organisation’s existing hardware. Alternatively, FD Learning provides an ASP service with full consultation, implementation and maintenance packages.

	Primary user groups

	
	· Further education

· Higher education

· LEAs/schools

· Adult learning

· Training organisations

· Public services/e-government



	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	FD claim to have developed ‘a flexible multi-tier architecture’
.The FD Le is designed to conform with IMS and ADL SCORM specifications.

	Design philosophy

	
	FD Le fulfils a demand for an adaptable open-standards learning environment. FD le facilitates: content delivery, assessment and communication. It can be configured with any standards-compliant tools, although most commonly these would be Akiva’s communication tools, and Perception’s assessment tools, as a result of partnerships forged with these companies.

	Maturity

	
	The latest version is 2.4, released in July 2004.

	Future development

	
	Not known.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	· Ufi learndirect

· Buckinghamshire County Council

· Blackpool and the Fylde College 

· Colchester Institute 

· Coleg Meirion-Dwyfor

· EMTA – the National Training Organisation for Engineering Manufacture

· Highbury College

· Kent Adult Education Service – Spotlight on Enrolments (requires Adobe Acrobat Reader 5.0)

· Leicester Warwick Medical School

· Manchester Institute of Telematics and Employment Research

· National Institute of Adult Continuing Education 

· Kent Adult Education Service (requires Adobe Acrobat Reader 5.0)

· North East Surrey College of Technology (requires Adobe Acrobat Reader 5.0)

· University of Central England

· University for Industry 

Among content that has been tested and found to run successfully in FD Le are the National Learning Network (NLN) materials commissioned by BECTa for all post-16 education and training providers in the UK.

	Success of implementation

	
	Clients are happy that FD Le fulfilled their needs and expectations.

As a large organisation with over 18,000 student accounts we needed a system that would provide seamless integration between enrolment to course and enrolment to VLE. We felt that our remit for a system that provided controlled, secure access to curriculum was met by FD Le. (http://www.fdlearning.com/index.htm)

Ken Ryan, MIS Manager, Liverpool Community College.

FD Learning was the only management information systems supplier that could also provide the e-learning component of a managed learning environment. (http://www.fdlearning.com/index.htm)

Alan Noble, Head of Adult Learning, Buckinghamshire County Council.

Over 20 years' experience in the UK post-16 sector also placed FD Learning in a good position to support the administrative side of learndirect.

UFI.



	Best features

	
	· Supports any web-based learning materials including content produced in formats such as HTML, Flash, Shockwave and Java.

· Supports common authoring tools such as: Dreamweaver, Flash, Microsoft Word 2000, PowerPoint 2000, Excel 2000, and FrontPage 2000.  

· Uses the IMS Content Packaging standard to help you load content packages into your system, and the SCORM CMI standard for content interworking to provide automated tracking and feedback of learner results from assessments in content packages to your VLE.

· Single sign-on.

	Lessons learned

	
	Not known.

	Further resources

	
	www.qmark.com 

www.akiva.com 

http://www.becta.org.uk/


	ioNode

http://www.ioagent.org


	Vendor
	Phosphorix Ltd and ETL Solutions Ltd

	OVERALL DESCRIPTION

	
	ioNode is a configurable transport and transformation layer for open and interoperable networks, that is, a framework for interoperability. It is an open source middleware. It enables:
· the sending and receiving of data; 

· the transformation of data sets to messages; 

· the configurability of a logical middleware node.

	Components

	
	The three key elements in the ioNode structure are:
· messaging infrastructure;

· transformation handler;

· authentication.
The actual ioNetwork Configuration is depicted below:
From http://www.ioagent.org/documents/102003/ioNode_A_framework_for_interoperability.doc 

Technologies used by ioNode
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	Rationale

	
	There is a well-known technology challenge ‘to get things to talk’. Legacy or proprietary systems are often incompatible. The common problem solved is that of a middleware node within an existing network or system infrastructure. ioNode was designed as a scalable and flexible solution that allows multiple disparate systems to exchange data over the internet, and to provide services via an interoperable self-sustaining network. 

	Business model

	
	ioNode was originally conceived in response to the JISC-funded Southwest Hosts Enhancing Lifelong Learning project (SHELL). Phosphorix and ETL now provide the software and expertise to implement a complete ioNetwork, and they can also provide a full training, maintenance and support service.

	Primary user group

	
	· Higher education.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	ioNode has been developed in Java and as such is independent of operating systems. It is therefore an ‘open standard’. Other open industry standards that are key to ioNode’s value are SOAP (Simple Object Access Protocol), XML (eXtensible Markup Language), ebXML (electronic business XML) and JMS (Java Messaging Service). These standards have been woven together to provide a reliable open framework for ‘messaging’, ‘transaction services’ and ‘web services’.

	Design philosophy

	
	ioNode was designed as a scalable and flexible solution to the interoperability challenges faced by systems today: multiple disparate systems exchanging data over the internet, talking common languages and providing services via an intelligent, interoperable, self-sustaining network.



	Maturity

	
	Current version 2.2; Version 3 expected in August 2004. Thereafter a minor release every 2 months, and a major release every 6 months.

	Future development

	
	Not known.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	The ioNode Network was developed based on ioNode. 

	Success of implementation

	
	Not known.

	Best features

	
	· IMS LIP-compliant.

	Lessons learned

	
	Testing has shown that ioNode gives the ebXML reliable messaging behaviour. In particular, messages have been exchanged between instances of ioNode at ETL and Phosphorix and a brief summary of the test cases is given below:

· Groups of 500 messages have been sent sequentially from ETL to Phosphorix and the sent and received messages compared. This showed that the operation was completed successfully.

· Groups of messages have been sent from ETL to Phosphorix where the receive side was interrupted (that is, switched off) for part of the operation. This demonstrated the re-send mechanism and the full group of messages was successfully delivered.

	Further resources

	
	http://www.educationaldevelopment.net/shellproject/default.htm (SHELL project).


	LionShare

http://lionshare.its.psu.edu/main/


	Vendor
	A collaborative effort between Penn State University, Massachusetts Institute of Technology Open Knowledge Initiative, researchers at Simon Fraser University, and the Internet2 peer-to-peer (P2P) Working Group.

	OVERALL DESCRIPTION

	
	The LionShare P2P project is an effort to facilitate legitimate file-sharing among individuals and educational institutions around the world. It was conceived because of the fact that much of the digitally held academic data and media is in ‘siloed’ repositories, which can be challenging to update and access. LionShare uses a peer-to-peer model in an attempt to solve this problem and widen access to materials. The principle is similar to mainstream P2P software such as Napster and Kazza, but with stringent security and the ability for individuals to release their materials selectively. LionShare would hope to create a grid type structure of individual clients.

	Components

	
	Conceptual design (Berkeley Conference Presentation, 14 November 2003)
[image: image7.jpg]



Peer Features (CNI Conference Presentation, 16 April 2004)
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	Rationale

	
	Currently, many academic digital collections remain ‘hidden’ or difficult to access on the internet. Through the use of LionShare technology, users will be able to find and access these information reservoirs in a more timely and direct manner – employing one rather than multiple searches. LionShare will also provide users with tools to catalogue and organise personal files for easier retrieval and enhanced sharing capabilities.

	Business model

	
	A generous grant from the Andrew W. Mellon Foundation will be used to fund the first two years of the project. All technologies will be developed under the GNU GPL licence.

	Primary user groups

	
	· Lecturers.

· Students.

· Libraries.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	LionShare is based on Java LimeWire software which supports Gnutella’s open-protocol (gNet). LionShare will run on Windows 98/2000/XP, Mac OS X, Linux and Solaris.

	Design philosophy

	
	The federated P2P efforts proposed in this project explore new territory for security infrastructure research, in that they seek to address how access control can be enabled without using a web service architecture. This federation process would provide the ability to connect multiple P2P networks into one loosely coupled authorised network despite the use of different authentication technologies.

	Maturity

	
	The LionShare development team anticipates a beta launch in the autumn of 2004 with the software's final release in 2005.

	Future development

	
	The LionShare team would like to see their future work aimed at further enabling authenticated P2P networks by using the MACE (Middleware Architecture Committee for Education) Shibboleth architecture. In the past, universities and companies looking to share information over the internet could not do so because of the need for a common authentication architecture that would allow multiple yet separate institutional end user identities. Shibboleth, a project from Internet2’s MACE group, is a new architecture that could provide federated P2P while maintaining security, user identity and information.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	Not yet implemented.

	Success of implementation

	
	Yet to be established.

	Best features

	
	N/A

	Lessons learned

	
	N/A

	Further resources

	
	http://shibboleth.internet2.edu/
http://www.limewire.org


	Moodle (Modular Object-Oriented Dynamic Learning Environment)

http://www.moodle.org


	Vendor
	Development was started by Martin Dougiamas who continues to lead the project, but there are a large number of developers and developing institutions who contribute to the project now.

	OVERALL DESCRIPTION

	
	Moodle is a software package for producing internet-based courses and websites. It is an ongoing development project designed to support a social constructionist framework of education. It is an open-source application which is downloadable from the internet. It is available in 43 languages.

	Components

	
	· Moodle is designed in a modular way. The core modules include:

· Appointment*

· Assignment

· Attendance*

· Book*

· Chat

· Choice

· Dialogue*

· Exercise*

· Forum

· Glossary

· Hotpot*

· Journal

· Label

· Lesson

· Questionnaire*

· Quiz

· Resource

· Scheduler*

· Scorm*

· Survey

· WebWork*

· Wiki*

· Workshop

Components marked with an asterisk are currently in development. See http://moodle.org/download/modules/#activities for more details.

	Rationale

	
	Moodle was developed by Martin Dougiamas as a result of his increasing disappointment with proprietary VLE software. 

	Business model

	
	Moodle is provided freely as open-source software (under the GNU Public Licence). Moodle is copyrighted; however, there are additional freedoms. Users are allowed to copy, use and modify Moodle provided that they agree to: provide the source to others; not modify or remove the original licence and copyrights, and apply this same licence to any derivative work.

	Primary user group

	
	Current distribution of users worldwide (from www.moodle.org).


[image: image9.emf]

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	Moodle utilises PHP, and is not reliant on any particular operating system. It has been tested on UNIX, Linux, Windows, Mac OS X and Netware, and its modular architecture affords developers the freedom to adapt functionality to suit particular requirements. Moodle supports a wide range of databases (although it is most commonly used with MySQL) as well as providing comprehensive database abstraction.

	Design philosophy

	
	The basic tenet of the Moodle design philosophy is what Dougiamas refers to as ‘social constructionist pedagogy’. This defines the teacher’s role as an influencer and role model of class culture, by engaging with the students in a personal way through discussions and activities, to guide students towards the learning objectives of the class. This contrasts with the more traditional view of a teacher as a provider of knowledge.

	Maturity

	
	Background work began in the 1990s; the first version was released in August 2002. Current version is 1.3.4, released on 11 August 2004.

	Future development

	
	Future developments in Version 2 (to be released later in 2004): 

· Completely rewritten display layer using XHTML-compatible code and complete implementation of templates for increased standards compliance, flexibility and accessibility.

· Wider use of PHP classes in key areas of the Moodle code, to make some things easier for programmers writing new modules or integrating with external systems.

· New architecture for enrolments with plugins (similar to the existing authentication architecture) so that external systems (for example, student records, Paypal, LDAP, etc.) can control student and teacher access within courses.

Version 2.1

This release will start to take advantage of the new structuring and add new features such as:

· New access-control system allowing finely defined roles and rights;

· Stronger pedagogical support for both teachers and students;

· Basic support for standard learning objects (SCORM content packages);

· Better integration of Moodle with moodle.org (for teachers to share and collaborate).

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	Moodle’s implementation is too extensive to list here. However, a list of known users can be found at: http://moodle.org/sites/
In summary, there are a total of 1612 known users worldwide. 102 of those users are in the UK, of which approximately 13% are schools, 7% further education institutions, 10% higher education and the rest private sector.

	Success of implementation

	
	Success of implementation is hard to gauge, owing to the diverse user base. However, the fact that it is so widely used would indicate that it fulfils a need.

	Best features

	
	Moodle provides a cost-effective way for educators to implement a VLE without expensive ties to commercial software companies. It also affords the opportunity to get involved in open-source software, and to drive future developments.

	Lessons learned

	
	Moodle is not standards-compliant at the current stage of development, although this is a long-term goal for development. At present, there is no support for QTI (Question and Test Interoperability).

	Further resources

	
	http://moodle.rsc-london.ac.uk/ 


	SAKAI

http://www.sakaiproject.org


	Vendor
	The Sakai Project, a collaboration between the University of Michigan, Indiana University, MIT, Stanford and the uPortal consortium.

	OVERALL DESCRIPTION

	
	The project will produce several modular, open-source products to enable online learning, including a portal, course management system, assessment, collaboration, and workflow tools; and a standard describing how to write applications that will integrate with Sakai. The products will be modular, but they will be pre-integrated to reduce the difficulty of installation.

	Components

	
	The Sakai Layered Architecture (http://www.sakaiproject.org/conferenceJune_04/presentations/sakai_architecture_June04.ppt):
uPortal
Varies
JavaServer Faces
JetSpeed
OKI Tools
Sakai Tools

Legacy Tools
Sakai Services
Legacy Services
OKI Plug-ins
OKI Info
Sakai Data
Legacy Data


	Rationale

	
	Large-scale IT projects such as developing and implementing a MLE are expensive, and reuse of this investment has been difficult, mainly because of differences between institution requirements and the computer systems maintained.

By pooling resources to work on a single, open-source project, return from investment and progress can be maximised. Wider involvement from any online learning stakeholders is also encouraged.

	Business model

	
	The project’s four main partners, together with a $2.4 million grant from the Andrew W. Mellon Foundation, are investing $6.8 million into the two-year project. 

There is also a Sakai Educational Partners’ Program (SEPP), where institutions can pay a fee (three yearly payments of $10,000 or $5,000) to participate more closely in Sakai development, receiving early information and other resources. Sakai will release its products using ‘open-open’ licensing, representing open source that is open to commercialisation.

	Primary user group

	
	· HEIs involved in online learning.

· Users of online learning.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	Implemented in Java, using the OKI OSIDs, and the JSR-168 portlet standard. The ability to use other languages is seen as desirable, but is not a core requirement. The major components of Sakai will be based on existing tools developed by the core partners. The main foundation is Version 2.0 of the University of Michigan’s Chef.

	Design philosophy

	
	The project strives for: 

· high-quality, modular, pre-integrated tools, with reduced implementation costs compared with current approaches;

· enabling exchanges and improvement in system components through code mobility;

· good alignment with the JISC ELF approach.

	Maturity

	
	Version 1.0 was released in July 2004. It is a refactoring of pre-existing software, for example, Chef, uPortal 3.0, and includes:

· Tool Portability Profile

· Framework

· Services-based portal

· Refined OSIDs and implementations

· Complete CMS

· WorkTools

· Assessment

	Future development

	
	Version 2.0 is expected in May 2005. It will remove most legacy interfaces, etc., from pre-Sakai architecture, and will include:

· Tool Portability Profile

· Framework

· Services-based portal

· Complete CMS

· Assessment

· Workflow

· Research Tools

· Authoring Tools

When the two-year project nears its end, it is intended to be operated as a community project. Commercial vendors Blackboard and WebCT state that they want to make their products interoperate with Sakai.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	The first release candidate of Sakai (RC1) was released on 15 July 2004, with the University of Michigan expecting to be using it campus-wide by fall 2004. Indiana University, MIT, and Stanford University expect to be using it campus-wide by fall 2005.

The existing systems that are being refactored into Sakai are:

· CTools (web-based coursework and collaboration system)

· OnCourse (online course management system)

· Stellar (course management system)

· CourseWork (website development and distribution system)

· uPortal (web portal)

· Chef (distributed learning and collaboration environment)

	Success of implementation

	
	There are no implementations of Sakai in production use, although the fact that it has been felt to be worth the investment to integrate the pre-existing systems suggests that they have been successful individually.

	Best features

	
	· Reuse of existing tools.

· Commitment to standards.

· Focus on producing an easy to implement product.

	Lessons learned

	
	Not implemented enough to say.

	Further resources

	
	http://www.sakaiproject.org/
http://www.sakaiproject.org/tech/S040405N.pdf
http://www.sakaiproject.org/presentations/UM_SakaiTalk_1-15-04.ppt 

http://parklibrary.jomc.unc.edu/2004_01_01_newsarchive.html
http://chronicle.com/free/2004/07/2004071502n.htm


	UK e-Universities (UKeU) Platform

http://www.ukeu.ac.uk/


	Vendor
	UKeU with the platform developed by Sun Microsystems.

	OVERALL DESCRIPTION

	
	A single point of delivery for online higher education courses, created by UK universities, intended to: sell high-quality UK education to a global market; enable greater access to university education for UK students; and provide business and industry with degree-level content for customised corporate education.

	Components

	
	UkeU platform’s architecture (from Principles and Practice in eLearning Platform Architecture, UKeU 2002).

Portal

User Management

Collaboration
Event Management
LCMS

LMS
Assessment
Administration
Database(s)



	Rationale

	
	UK education is seen around the world as high quality. UK-developed online courses can be sold anywhere in the world, and repackaged in modules for reuse in multiple places – capturing a large market while maximising investment in content development.

	Business model

	
	Set up as a public–private partnership. HEFCE allocated a grant of £62 million over the period 2001–04, on condition that the business was to seek equivalent funding from the private sector. The UKeU platform is currently not sold commercially or available as open source.

	Primary user group

	
	· Individual students in the UK and abroad.

· UK HEIs.

· Corporate education.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	Java- and Oracle-based LMS and LCMS (collectively referred to as the UKeU platform), designed in a services architecture, delivered via a web portal. The LMS and LCMS parts are distinctly separated, as content is passed between them as IMS Content Packages. The UKeU implementation of IMSCP does not interoperate with conformant tools such as the Reload editor (http://www.reload.ac.uk).

	Design philosophy

	
	The platform was built around modular components in a services architecture, to provide a purely online approach to e-learning.

	Maturity

	
	The latest production version was ELP1.h (we assume that ELP stands for E-Learning Platform, but this is not explicitly stated), released in June 2004. Arguably this was the second major version of the platform.

	Future development

	
	There does not appear to be any future for the UKeU platform, as HEFCE has decided to wind down the UKeU and transfer its activities to other institutions. No bids for the UKeU’s assets were acceptable to the company, so the platform will not be sold on. It is unclear whether the platform will simply cease to exist; there has been no word on transfer of platform ownership to another institution.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	20 HEIs with 33 courses listed, as of 7 June 2004, although the number of courses to have actually run is probably no more than 13. The UKeU could not provide an official number of courses.

	Success of implementation

	
	Courses from several HEIs are running on the UKeU,; however, comments from HEIs running courses on the UKeU describe their disappointment with the UKeU’s performance, and their support for the restructuring. The justification stated by HEFCE for the restructuring describes business and pedagogical, rather than technical, reasons, and other e-learning practitioners have commented on the UKeU’s poor project management and flawed business case.

	Best features

	
	· Consistent course structure and navigation.

· Discussion forums.

	Lessons learned

	
	· Performance: The system is slow loading pages, especially with pages performing maintenance tasks. This is exacerbated by poor feedback when operations take a long time and/or produce an error.

· IMS compliance: The IMS Content Packages produced by the LCMS and consumed by the LMS validate against IMSCP schemas, but do not implement the standard correctly. By using elements of the standard incorrectly, the platform is not compliant or compatible with systems that are compliant.

· Interface design: The portal design wastes large amounts of screen real estate, and fails on several basic accessibility points. Generally the design does not adapt to different browsers or settings well – recent changes to improve this behaviour have resulted in additional problems that are being worked on.

· LCMS limitations: Course developers have indicated its early workflow to be overly prescriptive, although steps were taken to reduce the intrusion of these into course developers’ work.

· Fails to handle most non-Latin text in many places, producing question marks in place of, for example, é (e acute).

	Further resources

	
	· UKeU documents:

· http://www.ukeu.com/
· UKeU Annual Report 2002/03

· ‘eLearning that really works’ (UKeU brochure, January 2003)

· HEFCE documents

· http://www.hefce.ac.uk/news/hefce/2004/euni/
· http://www.hefce.ac.uk/news/hefce/2004/euni/further.asp
· http://www.hefce.ac.uk/news/hefce/2004/e_uni.asp
· http://www.hefce.ac.uk/news/hefce/2004/euni/june.htm 

· News reports

· http://www.pcmag.co.uk/Features/1153524 


	uPortal

http://mis105.mis.udel.edu/ja-sig/uportal/index.html


	Vendor
	uPortal is a collaborative development project with the effort shared among several of the Java Architectures Special Interest Group (JA-SIG) member institutions.

	OVERALL DESCRIPTION

	
	uPortal is a free, shareable portal under development by higher education institutions. It is an open-standard effort using Java, XML, JSP and J2EE. It represents a framework for presenting aggregated content. 

	Components

	
	The main components are:

· Authentication

· Authorisation

· Directory services

· User preferences

· Channel information

	Rationale

	
	uPortal recognises the need for a portal which can be specifically tailored to the needs of higher education establishments. Specifically, it allows for ‘customisation’ (users can define their own view of the campus) and ‘community’ (such as chat, forums, surveys etc). Rather than an ‘out of the box’ solution, uPortal is a framework that allows an institution’s existing programmers and developers to achieve this aim.

	Business model

	
	The original development was funded by the Andrew W. Mellon Foundation. uPortal is available free to member universities; most commercial portal ‘solutions’ cost upwards of $50,000 per year for a typical campus licence. 

	Primary user group

	
	uPortal is focused on the requirements of higher education institutions.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	uPortal is a set of Java classes and XML/XSL documents that can be used to produce a portal for use by individual universities.

It will run on any platform that has a Java 2 implementation available for it. JA-SIG members are running uPortal for development and deployment purposes on a number of different platforms, including Microsoft Windows, Solaris, Linux on 3 different architectures and Mac OS X.

	Design philosophy

	
	uPortal was designed from the ground up to provide the tools needed to build a portal that can fulfil the needs of a higher education institution. It is highly customisable and includes such things as LDAP authentication and WSRP portlets.

	Maturity

	
	Although the Java-based project began in 2000, the XML-based uPortal has been considerably advanced, adding major functionality, spreading to several hundred schools and higher education establishments. 

uPortal is currently available in Version 2.3.3, released in July 2004.

	Future development

	
	The uPortal community would like uPortal to support Portlets. Portlets are Java technology-based web components (described in the JavaTM Portlet Specification developed by the JSR 168 Expert Group). It has been proposed that Portlet support is introduced to uPortal in 2 phases. The first phase exposes Portlets to the uPortal container though a Portlet-to-Channel adapter. The second phase entails major changes to the uPortal framework as it replaces the Channel with the Portlet as the main component managed by the portal. 

Phase 2 will be released as uPortal 3.0. (At the time of writing, there is no specific date for release.)

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	uPortal is in production in 72 universities, and currently implemented in a further 60. A list can be found at: http://mis105.mis.udel.edu/ja-sig/uportal/ 

	Success of implementation

	
	Based solely on the extent of its implementation, it seems to be well accepted.

	Best features

	
	· Open source.

· Adaptable.

· Expandable.

	Lessons learned

	
	Some authentication/authorisation problems have been identified with JAAS (Java Authentication and Authorisation Service) and LDAP (Lightweight Directory Access Protocol). In it's current state, JAAS does not have the flexibility nor the functionality to be incorporated well into uPortal, and there are many different ways of achieving authentication with LDAP.

	Further resources

	
	An alphabetical list of JA-SIG members: http://www.ja-sig.org/memb-inst.html 


	WebCT Vista

http://www.webct.com/


	Vendor
	WebCT

	OVERALL DESCRIPTION

	
	WebCT Vista is marketed as an Academic Enterprise System (AES). It comprises all of the components required to implement an online course environment in a single package.

	Components

	
	The main components are:

· Content creation and management

· Message boards

· Chat

· Assessment

· Student records

· Enrolment

	Rationale

	
	Vista was developed as a scalable VLE/MLE which provides a complete solution for institutions wishing to implement e-learning. WebCT now operate a hosting service for those who wish to use Vista without incurring the overheads of maintaining the required infrastructure.

	Business model

	
	WebCT is a wholly commercial venture. Clients either purchase a licence to install and use the software, or pay an ongoing subscription to have the service hosted for them.

	Primary user group

	
	· WebCT Vista is predominantly used in higher education.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	WebCT is 100% Java 2 platform. It uses BEA WebLogic Enterprise Server at the application layer and the Oracle 9i Database.

	Design philosophy

	
	WebCT Vista merged with WebCT in 1999, and adopted the WebCT name as product brand. 

	Maturity

	
	Vista is currently available in Version 3 (released on 20 April 2004), and Campus edition in Version 4.1.

	Future development

	
	Not known.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	WebCT has thousands of customers in over 70 countries worldwide.

	Success of implementation

	
	WebCT has been very successful, and is generally regarded as one of the market leaders in commercial e-learning software.

	Best features

	
	WebCT Vista provides all the components required to establish an e-learning environment with a well-developed and mature product.   

	Lessons learned

	
	Not known.

	Further resources

	
	http://www.bea.com/ 

http://www.oracle.com/


APPENDIX 3: e-Learning Specifications and Standards Reviews
	electronic-Government Interoperability Framework (e-GIF)  

http://www.govtalk.gov.uk 



	Vendor
	The Cabinet Office of the UK Government

	OVERALL DESCRIPTION

	
	The electronic-Government Interoperability Framework (e-GIF) sets out to achieve interoperability and coherence in ICT systems in the public sector. Adherence to the e-GIF policies and specifications is mandatory for all new systems in the UK government. e-GIF adopts web standards, and XML and XSL for data integration and management. e-Gif also contains the e-Government Metadata Standard that is based on the Dublin Core Model.

The government has launched the GovTalk website (http://www.govtalk.gov.uk) website to provide support, best practice, toolkits and schemas. 

To help e-GIF compliance self-assessment, the National Computing Centre (NCC), with the support of UK Online and the Cabinet Office e-Government Unit, has launched a web-based e-GIF Compliance Assessment Service: http://www.egifcompliance.org 

	Components

	
	e-Gif is one element in the e-Services Development Framework
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http://www.govtalk.gov.uk/schemasstandards/eservices_document2.asp?docnum=49 

	Rationale

	
	By setting mandatory standards the e-GIF aims to make government more efficient and effective. Much of the focus is on efficiently sharing data on individuals, such as medical, tax, benefit records, etc.

	Business model

	
	It attempts to create interoperability across public sector departments to reduce the problems inherent in ‘siloed’ systems.

	Primary user group

	
	Public sector organisations that want to implement new systems. JISC is working with the Department for Education and Skills to extend its standards so they can be used in educational institutions.  



	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	To be implemented across a range of systems within government departments.

	Design philosophy

	
	The e-GIF is web-based, platform- and language-neutral, and uses XML for data sharing.

	Maturity

	
	Version 6.0, released on 30 April 2004.

	Future development

	
	The e-GIF aims to remain up to date, to be able to use the potential of new technology. The e-GIF will be reviewed annually and updated as necessary.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	The following services are available online: 

http://e-government.cabinetoffice.gov.uk/Responsibilities/ThingsYouCanDoOnline/fs/en 

Education Online:

http://e-government.cabinetoffice.gov.uk/Responsibilities/DoItOnlineArticle/fs/en?CONTENT_ID=4000147&chk=jo1Cel 

	Success of implementation

	
	Not known.

	Further resources

	
	Information on policies and standards for e-government:

· http://www.govtalk.gov.uk
· http://www.govtalk.gov.uk/egif/contents.asp (e-GIF v6.0 Technical Standards Catalogue)

· http://www.govtalk.gov.uk/documents/e-gif-v6-0.pdf (e-Government Interoperability Framework Version 6.0)
e-GIF Compliance Assessment Service:

· http://www.egifcompliance.org/
Other relevant organisations:

· http://www.dfes.gov.uk/elearningstrategy/


	IMS Abstract Framework

http://www.imsglobal.org/af/


	Vendor
	IMS Global Learning Consortium, Inc.

	OVERALL DESCRIPTION

	
	The IMS Abstract Framework (IAF) is an abstract representation of the services and their interfaces that comprise e-learning systems. The Abstract Framework is a way to define the set of interfaces for which specifications are needed. 

The framework provides the context for IMS to continue to develop its specifications. IMS states that the IAF is ‘not an architecture’ but just a means to an end.

	Components

	
	IMS Abstract Framework: High-Level Overview
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	Rationale

	
	IMS developed the Abstract Framework to give them a context in which to develop specifications or to identify which specifications can be adopted from other sources.

IMS has produced its Abstract Framework to the context within which:

· the new set of IMS specifications are developed;

· the migration from the current to the new specifications can be defined and managed;

· the relationship between IMS and non-IMS specifications can be explained and clearly demonstrated.



	Business model

	
	IMS is a non-profit organisation that includes over 50 contributing members from the global e-learning community.

The membership fees for IMS are:

· $50,000 per year for commercial vendors with annual revenues over US$50 million, federal/national/state government entities, and multi-campus higher education systems.

· $10,000 per year for commercial vendors with annual revenues below US$50 million, educational institutions, local education authorities (for example, districts), single-campus universities, other non-profit organisations.

	Primary user group

	
	IMS will use it to develop specifications. It is not directly meant for outside use.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	N/A

	Design philosophy

	
	Aims to promote the following in every development:

· Interoperability

· Service-oriented

· Component-based

· Binding neutral9

	Maturity

	
	Version 1.0 was released in July 2003. It has not been updated since.

	Future development

	
	Although IMS says that ‘It is not the objective of IMS to continually refine the AIF’, they say the AIF will be updated once every six months. 

IM plans to create the ‘IMS Learning Activity Model (LAM) – description of the underlying content model and the learner design mechanisms to be adopted for the provision of learning content (this document will not be available until mid-2004)’.10
In the first place the descriptions are aimed at XML and Web Services Description Language (WSDL) but Java bindings will also be supported in the future.


	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	The framework has not been implemented; many software vendors and institutions have adopted the IMS specifications.

	Success of implementation

	
	N/A

	Further resources

	
	· Abstract Framework Review document:


http://www.imsglobal.org/af/IAFReviewv1.pdf
· IMS Abstract Framework: White Paper


http://www.imsglobal.org/af/afv1p0/imsafwhitepaperv1p0.html
· IMS Abstract Framework: Applications, Services, and Components: 
http://www.imsglobal.org/af/afv1p0/imsafascv1p0.html


	The Open Knowledge Initiative (OKI)

http://web.mit.edu/oki/index.html


	Vendor
	MIT in collaboration with partner universities and specification and standards organisations.

	OVERALL DESCRIPTION

	
	The OSIDs are a collection of standardised, abstract descriptions of how components of an e-learning framework will communicate with each other. A particular e-learning service implemented using the relevant OSID interface will be easily used with other frameworks and services that implement OSIDs. For example, a library lookup tool using an OSID interface could be easily used with a framework that uses OSIDs.

	Components

	
	OKI Architecture (http://web.mit.edu/oki/learn/whtpapers/ArchitecturalOverview.pdf )
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	Rationale

	
	A standardised set of interfaces between software infrastructure (for example, databases) and the actual educational applications (for example, assessment tools) will provide long-term benefits through reduced development costs, with increased innovation and better fulfilment of teachers’ and learners’ needs.

	Business model

	
	The OKI project started in 2001 with funding from the Andrew W. Mellon Foundation. It is supported internally by the participating institutions. OKI releases OSIDs and example software through ‘open-open’ licensing, representing open source that is open to commercialisation.

	Primary user group

	
	· Organisations and individuals developing software for higher education.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	The OSIDs themselves are simply descriptions of how to interact with a service that provides particular functions. OKI has produced a Java binding of the OSIDs, but there are also bindings at various stages in development for PHP, MS .NET and C#, and web services.

	Design philosophy

	
	Learning environments are now core to IT in higher education, and the technologies they are built upon must:

· support the students and faculty;

· conform to learning technology standards;

· be adaptable;

· scale to increasing workloads.

OSIDs are intended to enable software to meet these requirements by enabling flexible, innovative software development, with less financial risk than traditional monolithic software development.

	Maturity

	
	Version 1 Release Candidate 6.1 has been taken up by developers as a de facto Version 1.0.

	Future development

	
	· Maintain and refine the core Service Interface Definitions.

· Research and develop new educational interoperability specifications.

· Build a global developer community by providing developer training and access to information.

· Advance customer adoption of OKI educational software by helping educational institutions and vendors learn and implement the architecture.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	The following is a sample list:

· Stellar (MIT) 

· CourseWork (Stanford University) 

· CARET (University of Cambridge)

· VUE (Tufts University) 

· Chef (University of Michigan)

· Oncourse (Indiana University)

	Success of implementation

	
	Not known.

	Further resources

	
	http://web.mit.edu/oki/learn/whtpapers/OKI_white_paper_120902.pdf
http://sourceforge.net/forum/forum.php?forum_id=370827
http://www.cetis.ac.uk/content/20030717185453


	SIF Implementation Specification

www.sifinfo.org


	Vendor
	The Schools Interoperability Framework (SIF) is a non-profit organisation of software vendors, school districts, state departments of education and other organisations active in primary and secondary (K-12) markets in the US.

	OVERALL DESCRIPTION

	
	The SIF Implementation Specification defines the rules and definitions to enable software programs, used in the primary and secondary school market, to share information. The SIF Implementation Specification defines standard naming conventions for shared data and the rules of interaction among software applications within a SIF Zone.
‘A SIF Zone is a logical grouping of applications, in which software application agents communicate with each other through a central communication point – the Zone Integration Server (ZIS). Data is shared between applications through a series of standardized messages, queries and events written in XML and sent using Internet protocols … SIF Agents are extensions of each application that serve as the intermediary between the software application and the SIF Zone. The ZIS keeps track of the Agents registered in the Zone and manages transactions between Agents, enabling them to provide data and respond to requests.’



	Components
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	Rationale

	
	At the moment Applications for primary and secondary (K-12) schools often do not interoperate with each other. The SIF Implementation Specification tries to solve this problem.

	Business model

	
	Over 100 software vendors pay a membership fee.

	Primary user group

	
	· Educational software vendors.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	The SIF specification is based on XML. https is used as the default transport protocol. The SIF specification is language-neutral. 

A SIF implementation consists of a Zone Integration Server (ZIS), integration agents and applications. All communications go via the ZIS, a program that provides integration services to the agents. The individual applications do not communicate directly with each other but only via the integration agents with the ZIF.

	Design philosophy

	
	· Platform-neutral

· HTTP and XML

	Maturity

	
	Latest:                                Version 1.5 released on 5 March 2004

Most used at the moment: Version 1.1 released on 6 February 2003

	Future development

	
	At the current time IMS and SIF are working together to investigate the ways in which each organisation can utilise the other’s specifications. SIF is looking at the IMS Question & Test Interoperability and Content Packaging to support K-12 assessment/quizzes. IMS is looking at the SIF grade-book. Both organisations are looking at the issues of messaging using SOAP technology.


	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	The SIF website has a list of showcase sites: 

http://www.sifinfo.org/about_sif/implementation.asp 

	Success of implementation

	
	The SIF website lists a number of ‘success stories’.

	Further resources

	
	The specification can be found at:

http://www.sifinfo.org/specification.asp
SIF is explained in the IMS: 

http://www.imsglobal.org/af/afv1p0/imsafwhitepaperv1p0.html


	Web services

http://www.w3.org/2002/ws/, and others



	Vendor
	Various companies and industry bodies, including:

· World Wide Web Consortium (W3C: http://w3.org/)

· OASIS (http://www.oasis-open.org/)

· Web Services Interoperability Organization (WS-I: http://www.ws-i.org/) 

· Microsoft

· IBM

	OVERALL DESCRIPTION

	
	Web services are software applications that communicate with each other over the internet, using several standardised technologies (collectively the Web Services Architecture, WSA) for machine-to-machine interaction.

‘A Web service is an abstract notion that must be implemented by a concrete agent. The agent is the concrete piece of software or hardware that sends and receives messages, while the service is the resource characterized by the abstract set of functionality that is provided. To illustrate this distinction, you might implement a particular Web service using one agent one day (perhaps written in one programming language), and a different agent the next day (perhaps written in a different programming language) with the same functionality. Although the agent may have changed, the Web service remains the same.’


	Components

	
	Core specifications:

These specifications are being developed by the W3C as the essential, low-level parts of the WSA.

· Simple Object Access Protocol (SOAP) 

· Web Services Description Language (WSDL) 

Additional specifications: 

These specifications relate to higher-level parts of the WSA. As they mature, some may be adopted for features that are commonly required for running software as web services. This list is by no means exhaustive.

· Universal Description, Discovery, and Integration (UDDI) 

· Stateful Web Services 

· Web Services Addressing (WS-Addressing) 

· Web Services Inspection Language (WSIL) 

· Web Services Conversation Language (WSCL) 

· Web Service Choreography Interface (WSCI) 

· Web Services for Interactive Applications (WSIA) 

· Web Services Flow Language (WSFL) 

· Web Services User Interface (WSUI) Initiative 

· Web Services for Remote Portals (WSRP) 

· Web Services Experience Language (WSXL)


	Rationale

	
	Building upon the greater levels of data exchange interoperability that XML has enabled, web services present a common approach for individual applications, running on various platforms and/or software frameworks, to communicate using standardised methods.

	Business model

	
	Multiple vendors and consortiums contributing to common standards.

	Primary user group

	
	· Organisations and individuals developing software.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	The WSA uses XML as a key component (that is, for the SOAP messaging protocol), but a software agent providing a web service can be implemented using almost any programming language/framework.

	Design philosophy

	
	To enable numerous loosely connected interoperable services, which can interact to provide sophisticated added-value services.

	Maturity

	
	Current specification versions:

SOAP: Version 1.2 (official W3C recommendation, 24 June 2003).

WSDL: Version 1.1 (W3C unofficial note, 15 March 2001); Version 2.0 (W3C working draft, 26 March 2004).

While it is in widespread use, the WSA is still evolving and maturing, and new component specifications may appear. Implementers may not have a large body of best practice to guide them, instead having to invest in developing their own approaches and best practice.

	Future development

	
	Continuing development of core specifications, and existing and new (function-specific) additional specifications.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	None so far.

	Success of implementation

	
	Web services are widely seen as important for current and future business and process integration (http://www.accenture.com/xd/xd.asp?it=enweb&xd=services%5Cintegration%5Cinsights%5Cweb_survey.xml ).

There are high profile deployments of web services in common use, for example:

· Amazon (http://www.amazon.com/gp/browse.html/ref=smm_sn_aws/102-5436330-1741736?node=3435361 )

· Google (http://www.google.com/apis/ )

One area of concern about web services is that of performance – the extensive use of XML adds to bandwidth and processing requirements, compared to more traditional binary formats. There is ongoing work to address these issues, however, and there are several proposed mechanisms to reduce the system resources needed.

	Further resources

	
	http://www.w3.org/2002/ws/
http://xml.coverpages.org/
http://www.w3.org/2002/ws/Activity
http://www.internetnews.com/ent-news/article.php/3389111
http://news.com.com/Open-door+policies/2009-1017_3-966099.html
http://lists.w3.org/Archives/Public/www-ws-arch/2004Feb/0022.html


APPENDIX 4: Technology Platforms Reviews

	Java 2 Enterprise Edition (J2EE)

http://java.sun.com/j2ee/


	Vendor
	Sun Microsystems

	OVERALL DESCRIPTION

	
	J2EE, with the Java programming language as its cornerstone, is a software development and deployment platform designed for creating enterprise-level software applications.

J2EE is an open standard, based upon the Java 2 Platform Standard Edition (J2SE), allowing multiple vendors to create J2EE implementations. Sun's implementation is used in the ‘Sun Java System’ (formerly Sun ONE platform).

	Rationale

	
	Java has several qualities that are useful in a programming language, which make it flexible and easy to program with, including:

· Portable over several computing architectures (write once, run anywhere, platform independence);

· Object-orientated nature;

· An extensive library of pre-built functions;

· Garbage collection;

· As an open standard, J2EE can be integrated with existing systems. These technical and open standard advantages maximise previous investments and enable greater return on investment.

	Business model

	
	Sun, in collaboration with the Java community, defines J2EE through the Java Community Process, and releases its specifications, allowing anyone to create their own implementation of J2EE. This makes J2EE appealing in that it can help avoid vendor lock-in.

Sun sells its version of J2EE in several products that make up the ‘Sun Java System’. These products also include consultancy, systems development, hardware and software.

There is also the Java Education and Learning Community (JELC), which provides a forum and resources for using Java in research and education.

	Primary user group

	
	· Enterprise application developers/consumers.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	Java source code is compiled into bytecode that can be run on any computer for which a Java virtual machine (VM) is available.

J2EE provides integrated support for: website servers; transactions; CORBA; databases; messaging; naming and directory services; email; XML; connectors to enterprise information systems; security; web services; user interfaces; and software management and deployment tools. The leading implementations of J2EE include: Sun, JBoss and IBM's WebSphere.



	Design philosophy

	
	· Simple

· Architecture-neutral 

· Object-oriented

· Portable

· Distributed

· High-performance 

· Interpreted

· Multithreaded 

· Robust

· Dynamic 

· Secure

A software development platform meeting these design principles would provide a reliable, flexible and powerful base upon which applications can be built.

	Existing APIs

	
	Java: http://java.sun.com/j2se/1.4.2/reference/api/index.html
XML processing: http://java.sun.com/xml/jaxp/
XML messaging: http://java.sun.com/xml/jaxm/

	Maturity

	
	J2EE Version 1.4.2

	Future development

	
	J2EE 1.5 (Tiger), with more closely integrated XML, HTTP, SOAP, UDDI features.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	A large number of organisations, including uPortal; Sakai; UkeU.

	Success of implementation

	
	uPortal and Sakai are two examples of successful uses of the J2EE platform, showing that it is a suitable platform upon which to build e-learning tools. However, the poor performance of the UKeU platform is an example of a less successful use, and suggests that using J2EE is no guarantee of a successful implementation.

	Further resources

	
	http://www.engin.umd.umich.edu/CIS/course.des/cis400/java/java.html
http://www.jboss.org/products/jbossas
http://www-306.ibm.com/software/info1/websphere/index.jsp?tab=products/appserv
http://www.jcp.org/en/home/index
http://java.sun.com/docs/books/tutorial/getStarted/intro/definition.html


	.NET Framework

http://msdn.microsoft.com/netframework/default.aspx


	Vendor
	Microsoft (http://www.microsoft.com/)

	OVERALL DESCRIPTION

	
	The .NET Framework is a language-independent platform for developing and running applications. 

The .NET framework consists of: the Common Language Runtime (CLR) and a set of class libraries. Different programming languages are converted by its own compiler into .NET’s Intermediate Language (IL). The CLR then converts IL to the code native to the platform on which it is executed.  

In contrast to J2EE, .NET supports a range of programming languages but only so far runs on Windows. The Mono project is working on creating an open-source implementation of the .NET framework for Linux.    

	Rationale

	
	.NET is Microsoft’s answer to customers’ need to build and maintain applications using object-oriented principles and web services.

	Business model

	
	With .NET, Microsoft aims to make Windows a serious platform for internet applications and a competitor to J2EE.

	Primary user group

	
	· Enterprise application developers.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	.NET is built on the following internet standards:

· HTTP, the communication protocol between internet applications;

· XML, the format for exchanging data between internet applications;

· SOAP, the standard format for requesting web services;

· UDDI, the standard to search and discover web services.



	Design philosophy

	
	· Component-based;

· ‘Plumbing-free’ design;

· Open standards.



	Existing APIs

	
	http://msdn.microsoft.com/netframework/default.aspx?pull=/library/en-us/dndotnet/html/win32map.asp

	Maturity 

	
	Most recent version is .NET Framework 1.1 (Version 1.0 was released in January 2002).

	Future development

	
	.NET will support third-party languages like Eiffel, Perl, Python, Smalltalk

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	Brockenhurst College is producing a .NET version of an Enterprise Toolkit as part of the first round of the JISC toolkit projects.


	Best features

	
	The multiple-language capability of the .NET Framework enables developers to use the programming language that is most appropriate for a given task and to combine languages within a single application. Components written in different languages can consume functionality from each other transparently, without any extra work required from the developer. Support for the .NET Framework has been announced for over 20 commercial and academic programming languages.

The component-based, plumbing-free design of the .NET Framework minimises the amount of code developers have to rewrite and maximises potential for code reuse.


	Lessons learned

	
	Currently, the .NET strategy and architecture have not been well communicated, and are not well differentiated from Microsoft's prior distributed computing models, for example DCOM. While the .NET architecture is open, it is currently Microsoft-centric, both in the overall control of the architecture and in providing core services. While some elements are moving into a standards process, there is no widespread external adoption to date.


	Further resources

	
	http://msdn.microsoft.com/netframework/technologyinfo/overview/
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