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Abstract 

In an increasingly competitive higher education market, collaboration between universities is an 

effective strategy for gaining access to the global market. The development of joint degrees is 

an important mechanism for strengthening academic research collaborations and diversifying 

knowledge. Joint degrees are becoming increasingly implemented in universities around the 

world. In Europe, the Bologna process and the Erasmus programme have encouraged both the 

global recognition of joint and double degrees and promoted close collaboration between 

academic institutions. 

 

In the unstoppable process of globalization and educational convergence, the use of e-learning 

systems for supporting both blended and online courses is becoming a growing trend. Since e-

learning systems covers a wide range of courses, it becomes necessary to find a suitable solution 

that enables universities to support and manage joint degrees through their e-learning systems in 

accordance with the collaboration agreements established by the universities involved.  

 

This dissertation will address the following research questions:  

1. What factors need to be considered in the implementation and management of joint 

degrees?  

2. How can the current e-learning systems support the development of joint degrees?  

3. What other services and systems need to be adapted by universities interested in 

participating in a joint degree through their e-learning systems? 

 

The implementation of joint degrees using e-learning systems is complex and involves 

technical, administrative, security, cultural, financial and legal challenges. This dissertation 

proposes a series of contributions to help solve some of the identified challenges. One of the 

cornerstones of this proposal is a conceptual model of all the relevant issues related to the 

support of joint degrees by means of e-learning systems. After defining the conceptual model, 

this dissertation proposes a policy-driven architecture for implementing inter-institutional 

degree collaborations through e-learning systems as stipulated by a collaboration agreement 

signed by two universities. The author has focused on the workflow management component of 
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this architecture. Finally, the building blocks for achieving interoperability of learning object 

repositories have been identified and validated.                                                                                

 

The use of multimedia services in education is a growing trend, providing rich e-learning 

services that improve the communication and interaction between teachers and students. Within 

these e-learning services, we have focused on the use of videoconferencing and lecture 

recording as the best-suited services to support collaborative learning scenarios. 

 

The contributions have been validated within national and European research projects that the 

author has been involved in.  
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Resumen 

En un mercado de educación superior cada vez más competitivo, la colaboración entre 

universidades es una efectiva estrategia para acceder al mercado global. El desarrollo de 

titulaciones conjuntas es un importante mecanismo para fortalecer las colaboraciones 

académicas y diversificar los conocimientos. Las titulaciones conjuntas están siendo cada vez 

más implementadas en las universidades de todo el mundo. En Europa, el proceso de Bolonia y 

el programa Erasmus, están fomentado el reconocimiento de titulaciones conjuntas y dobles y 

promoviendo la colaboración entre las instituciones académicas. 

 

En el imparable proceso de la globalización y convergencia educativa, el uso de sistemas de e-

learning para soportar cursos tanto semipresencial como online es una tendencia en crecimiento. 

Dado que los sistemas de e-learning soportan una amplia variedad de cursos, es necesario 

encontrar una solución adecuada que permita a las universidades soportar y gestionar las 

titulaciones conjuntas a través de sus sistemas de e-learning en conformidad con los acuerdos de 

colaboración establecidos por las universidades participantes. 

 

Esta tesis doctoral abordará las siguientes preguntas de investigación:  

1. ¿Qué factores deben tenerse en cuenta en la implementación y gestión de titulaciones 

conjuntas? 

2. ¿Cómo pueden los sistemas actuales de e-learning soportar el desarrollo de titulaciones 

conjuntas?  

3. ¿Qué otros servicios y sistemas necesitan ser adaptados por las universidades 

interesadas en participar en una titulación conjunta a través de sus sistemas de e-

learning? 

 

La implementación de titulaciones conjuntas a través de sistemas de e-learning es compleja e 

implica retos técnicos, administrativos, culturales, financieros, jurídicos y de seguridad. Esta 

tesis doctoral propone una serie de contribuciones que pueden ayudar a resolver algunos de los 

retos identificados. En primer lugar se ha elaborado un modelo conceptual que incluye la 

información del contexto de las titulaciones conjuntas que es relevante para la implementación 

de estas titulaciones en los sistemas de e-learning. Después de definir el modelo conceptual, se 

ha propuesto una arquitectura basada en políticas para la implementación de titulaciones inter-

institucionales a través de sistemas de e-learning de acuerdo a los términos estipulados en los 
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acuerdos de colaboración que son firmados por las universidades participantes. El autor se ha 

centrado en el componente de gestión de flujos de trabajo de esta arquitectura. Por último y con 

el fin de permitir la interoperabilidad de repositorios de objetos educativos, los componentes 

básicos a implementar han sido identificados y validados. 

 

El uso de servicios multimedia en educación es una tendencia creciente, proporcionando 

servicios de e-learning que permiten mejorar la comunicación y la interacción entre profesores y 

alumnos. Dentro de estos servicios, nos hemos centrado en el uso de la videoconferencia y la 

grabación de clases como servicios adecuados para el desarrollo de cursos impartidos en 

escenarios de educación colaborativos. 

 

Las contribuciones han sido validadas en proyectos de investigación de ámbito nacional y 

europeo en los que el autor ha participado. 

 

 

 

 

 



 

XV 

Sandra Aguirre Herrera                                                       Table of contents 

 

Table of contents 

 

1.  INTRODUCTION.......................................................................................................................... 1 

1.1  MOTIVATION AND CONTEXT ............................................................................................................ 1 

1.2  OBJECTIVES ................................................................................................................................. 2 

1.3  RESEARCH METHODOLOGY ............................................................................................................. 3 

1.4  RELATED PROJECTS ........................................................................................................................ 5 

1.4.1  ELENA (IST‐2001‐37264) ...................................................................................................... 5 

1.4.2  PROLEARN (IST‐2004‐507310) ............................................................................................. 6 

1.4.3  iCamp (IST‐027168) ............................................................................................................. 7 

1.4.4  ITECBAN ............................................................................................................................... 7 

1.4.5  IBA/ING and CyberAula 2.0 .................................................................................................. 8 

1.5  STRUCTURE OF THIS DOCUMENT ....................................................................................................... 9 

2.  STATE OF THE ART ..................................................................................................................... 11 

2.1  LEARNING CONTEXT ..................................................................................................................... 12 

2.1.1  Joint degrees ...................................................................................................................... 14 

2.1.2  Collaborative agreements .................................................................................................. 21 

2.1.3  Multimedia services in Education ....................................................................................... 24 

2.1.4  Section summary and conclusions ...................................................................................... 26 

2.2  SERVICE‐ORIENTED APPROACHES IN E‐LEARNING ................................................................................ 27 

2.2.1  Service‐oriented e‐learning frameworks ............................................................................ 27 

2.2.2  Service‐oriented e‐learning architectures ........................................................................... 30 

2.2.3  Section summary and conclusions ...................................................................................... 33 

2.3  WORKFLOW MANAGEMENT ......................................................................................................... 35 

2.3.1  Workflow Reference Model ............................................................................................... 35 

2.3.2  Workflow engines .............................................................................................................. 37 

2.3.3  Workflow languages .......................................................................................................... 38 

2.3.4  Policy languages ................................................................................................................ 39 

2.3.5  Section summary and conclusions ...................................................................................... 41 

2.4  INTEROPERABILITY FOR QUERYING LEARNING OBJECT REPOSITORIES ........................................................ 43 

2.4.1  Metadata schemas for learning object descriptions ........................................................... 45 

2.4.2  Search protocols ................................................................................................................ 47 

2.4.3  Query language specifications ........................................................................................... 50 



  

 

XVI 

Sandra Aguirre Herrera                                                             List of figures 

2.4.4  Section summary and conclusions ...................................................................................... 53 

3.  MODEL FOR SUPPORTING COLLABORATIVE AGREEMENTS IN E‐LEARNING SYSTEMS .................. 57 

3.1  CONCEPTUAL MODEL .................................................................................................................. 57 

3.2  KEY ISSUES AND LIMITATIONS ........................................................................................................ 59 

3.2.1  Academic level ................................................................................................................... 60 

3.2.2  Administrative level ........................................................................................................... 61 

3.2.3  Context level ...................................................................................................................... 61 

3.2.4  Security level ...................................................................................................................... 63 

3.2.5  Financial level .................................................................................................................... 64 

3.2.6  Legal level .......................................................................................................................... 65 

3.2.7  Technical level ................................................................................................................... 65 

3.3  IDENTIFYING ROLES ..................................................................................................................... 66 

3.4  BUSINESS MODEL ........................................................................................................................ 68 

3.5  CONCLUSIONS ............................................................................................................................ 72 

4.  REFERENCE ARCHITECTURE ....................................................................................................... 75 

4.1  ARCHITECTURE DESCRIPTION ......................................................................................................... 75 

4.2  COLLABORATION AGREEMENT SPECIFICATION .................................................................................... 77 

4.3  POLICY EDITOR ........................................................................................................................... 79 

4.4  POLICY MANAGER ...................................................................................................................... 80 

4.5  WORKFLOW ENGINE .................................................................................................................... 80 

4.6  SERVICE MANAGER ..................................................................................................................... 81 

4.7  IDENTITY PROVIDER ..................................................................................................................... 81 

4.8  SERVICE PROVIDERS ..................................................................................................................... 81 

4.9  SERVICE REQUEST ....................................................................................................................... 83 

4.10  CONCLUSIONS ............................................................................................................................ 84 

5.  WORKFLOW MANAGEMENT OF E‐LEARNING SERVICES ............................................................. 85 

5.1  IMPLEMENTATION LAYERS ............................................................................................................. 85 

5.2  PROCESS DEFINITION TOOLS ......................................................................................................... 87 

5.3  WORKFLOW ENACTMENT SERVICE .................................................................................................. 91 

5.4  ADMINISTRATION & MONITORING TOOLS ........................................................................................ 93 

5.5  INVOKED APPLICATIONS ............................................................................................................... 93 

5.6  WORKFLOW CLIENT APPLICATIONS ................................................................................................. 94 

5.7  SAMPLE SCENARIO ...................................................................................................................... 95 

5.7.1  Collaboration agreement specification .............................................................................. 95 



  

 

XVII 

Sandra Aguirre Herrera                                                             List of figures 

5.7.2  Workflow management ..................................................................................................... 96 

5.7.3  Service execution ............................................................................................................... 98 

5.8  CONCLUSIONS .......................................................................................................................... 100 

6.  INTEROPERABILITY FOR QUERYING LEARNING OBJECT REPOSITORIES ..................................... 101 

6.1  THE SIMPLE QUERY INTERFACE .................................................................................................... 101 

6.2  THE SIMPLE QUERY INTERFACE IN EDUCANEXT ............................................................................... 103 

6.3  COMMON METADATA SCHEMA FOR QUERYING AND RESULTS PRESENTATION .......................................... 109 

6.4  CONCLUSIONS .......................................................................................................................... 112 

7.  VALIDATION AND RESULTS ...................................................................................................... 113 

7.1  VALIDATION IN EUROPEAN PROJECTS............................................................................................. 113 

7.1.1  Validation in ELENA project ............................................................................................. 114 

7.1.2  Validation in PROLEARN project ....................................................................................... 116 

7.1.3  Validation in iCamp project .............................................................................................. 117 

7.2  VALIDATION IN ITECBAN PROJECT ............................................................................................... 117 

7.3  VALIDATION IN MASTER’S THESIS ................................................................................................. 121 

7.4  VALIDATION IN IBA/ING AND CYBERAULA 2.0 PROJECTS .................................................................. 122 

7.5  DISSEMINATION OF RESULTS ........................................................................................................ 125 

7.5.1  Publications ..................................................................................................................... 125 

7.5.2  Research Visit .................................................................................................................. 128 

7.5.3  Research Seminars ........................................................................................................... 128 

7.5.4  Invited Talks ..................................................................................................................... 128 

8.  CONCLUSIONS ......................................................................................................................... 129 

8.1  WHAT FACTORS NEED TO BE CONSIDERED IN THE IMPLEMENTATION AND MANAGEMENT OF JOINT DEGREES?  130 

8.2  HOW CAN THE CURRENT E‐LEARNING SYSTEMS SUPPORT THE DEVELOPMENT OF JOINT DEGREES? ................ 131 

8.3  WHAT OTHER SERVICES AND SYSTEMS NEED TO BE ADAPTED BY UNIVERSITIES INTERESTED IN PARTICIPATING IN A 

JOINT DEGREE THROUGH THEIR E‐LEARNING SYSTEMS? ................................................................................... 132 

8.4  MAIN CONTRIBUTIONS ............................................................................................................... 133 

8.5  FUTURE RESEARCH .................................................................................................................... 136 

BIBLIOGRAPHY ................................................................................................................................ 139 

APPENDIX A. EXAMPLE OF A RDF FILE GENERATED BY EDUCANEXT .................................................. 153 

APPENDIX B. EXAMPLES OF QUERY RESULTS IN LOM AND RSS ......................................................... 155 



  

 

XVIII 

Sandra Aguirre Herrera                                                             List of figures 

List of Figures 

 

Figure 1. Learning approaches .................................................................................................... 13 

Figure 2. The continuum of technology-based learning (from Bates and Poole [20]) ................ 14 

Figure 3. Top academic disciplines [85] ..................................................................................... 18 

Figure 4. Categories of collaboration agreement issues .............................................................. 23 

Figure 5. CORDRA Model [122] ................................................................................................ 29 

Figure 6. IMS Abstract Framework as a layered model .............................................................. 30 

Figure 8. EduSource functional architecture [58] ....................................................................... 31 

Figure 7. The LTSA system components [70] ............................................................................ 31 

Figure 9. E-learning architecture based on intelligent agents and web services [170] ............... 32 

Figure 10. SOELA architecture ................................................................................................... 33 

Figure 11. The Workflow Reference Model ............................................................................... 36 

Figure 12. Main phases in the development of a joint degree ..................................................... 58 

Figure 13. The conceptual model ................................................................................................ 59 

Figure 14. Tuition and fee structure [85] .................................................................................... 64 

Figure 15. A set of responsibilities common to multiple user roles. ........................................... 68 

Figure 16. Frame of reference for the development of a business model [48] ............................ 71 

Figure 17. Proposed architecture ................................................................................................. 77 

Figure 18. The policy model ....................................................................................................... 79 

Figure 19. The policy manager ................................................................................................... 80 

Figure 20. Sequence diagram for the resource request process................................................... 83 

Figure 21. Implementation layers of a collaboration agreement ................................................. 86 

Figure 22. Workflow management components and roles .......................................................... 87 

Figure 23. The workflow model .................................................................................................. 91 

Figure 24. The main workflow to be implemented ..................................................................... 92 

Figure 25. Sample scenario ......................................................................................................... 99 

Figure 26. Communication between two repositories [139] ..................................................... 102 

Figure 27. EducaNext homepage (2005) ................................................................................... 104 

Figure 28. EducaNext Exchange Process .................................................................................. 104 

Figure 29. Storing an learning resource in RDF format ............................................................ 106 

Figure 30. EducaNext wrapper 1.0 ............................................................................................ 107 



  

 

XIX 

Sandra Aguirre Herrera                                                             List of figures 

Figure 31. Using SQI in EducaNext: a sequence diagram ........................................................ 107 

Figure 32. EducaNext Wrapper ................................................................................................. 108 

Figure 33. EducaNext wrapper 2.0 ............................................................................................ 109 

Figure 34. Nodes on the ELENA Smart Spaces for Learning [4] ............................................. 114 

Figure 35. The query page in HCD ........................................................................................... 115 

Figure 36. Screenshot of the network search client in HCD ..................................................... 115 

Figure 37. Screenshot of the ObjectSpot client ......................................................................... 117 

Figure 38. ITECBAN components ............................................................................................ 118 

Figure 39. Incident management flow chart and “Incidence Register” view ............................ 119 

Figure 40. Instantiation of the WfMC Reference Model .......................................................... 120 

Figure 41. Screenshot of a course in AGWS ............................................................................ 121 

Figure 42. AGWS architecture .................................................................................................. 122 

Figure 43. Screenshot of a course in IBA ................................................................................. 122 

Figure 44. CyberAula 2.0 project architecture .......................................................................... 123 

Figure 45. Screenshot of the Web 2.0 course using GlobalPlaza .............................................. 124 

Figure 46. Screenshot of a SCORM package in Moodle .......................................................... 125 

 



 

 

XX 

Sandra Aguirre Herrera                                                              List of tables 

List of Tables 

 

Table 1. Classification of joint degrees [21] ............................................................................... 16 

Table 2. Findings of the “Transatlantic Degree Programmes Survey” [85] ................................ 16 

Table 3. Examples of joint degrees ............................................................................................. 18 

Table 4. The proposed agreement layout by the Joiman Network [76] ...................................... 21 

Table 5. Collaboration agreement issues ..................................................................................... 24 

Table 6. A comparison of e-learning systems ............................................................................. 34 

Table 7. A comparison of workflow engines .............................................................................. 42 

Table 8. A comparison of policy languages ................................................................................ 42 

Table 9. LOM schema – categories and elements ....................................................................... 46 

Table 10. Some projects .............................................................................................................. 52 

Table 11. Comparison of search protocols .................................................................................. 53 

Table 12. Comparison of query languages .................................................................................. 55 

Table 13. Description of roles ..................................................................................................... 66 

Table 14. Potential benefits for actors involved in a joint degree ............................................... 69 

Table 15. Collaboration agreement issues that can be implemented ........................................... 78 

Table 16. Examples of global variables that can be included in e-learning systems .................. 89 

Table 17. Examples of rules that can be implemented into e-learning systems .......................... 89 

Table 18. Services proposed........................................................................................................ 94 

Table 19. Collaboration agreement for the sample scenario ....................................................... 95 

Table 20. Example of a general course structure ........................................................................ 96 

Table 21. Rules and tasks identified ............................................................................................ 97 

Table 22. Overview of Simple Query Interface Methods ......................................................... 103 

Table 23. The ELENA Common Schema ................................................................................. 110 

Table 24. Factors related to the implementation of joint degrees ............................................. 130 

 

 

 

 



 

 

XXI 

Sandra Aguirre Herrera                                                         List of acronyms 

List of Acronyms 

 

AARU   Association of Arab Universities 

AAU    Association of African Universities 

ADL    Advanced Distributed Learning 

AHEA   African Higher Education Area 

AMF    Action Message Format 

API    Application Programming Interface 

APPEL   Accent Project Policy Environment Language 

ARIADNE Alliance of Remote Instructional Authoring and Distribution Networks for 

Europe 

BPEL   Business Process Execution Language 

BPEL4WS  Business Process Execution Language for Web Services 

BPM    Business Process Management 

CAP    Cultural Adaptation Process 

CAS    Central Authentication Service 

CEN    European Committee for Standardization 

CENIT   Consorcios Estratégicos Nacionales de Investigación Tecnológica 

CIM SPL  Common Information Model Simplified Policy Language 

CORDRA  Content Object Repository Discovery and Registration/Resolution  

Architecture 

CQL    Contextual Query Language 

CWA    CEN ISSS Workshop Agreement 

DC    Dublin Core 

DC-ED   Dublin Core Metadata for Education 

DCMI   Dublin Core Metadata Initiative 

DEST   Department of Education Science and Training 

DMTF    Distributed Management Task Force 

DRI    IMS Digital Repositories Interoperability 

ECA    Event Condition Action 

ECL    eduSource Communication Layer 

ECTS   European Credit Transfer System 



 

 

XXII 

Sandra Aguirre Herrera                                                         List of acronyms 

EdNA    Education Network Australia 

EHEA   European Higher Education Area 

ELF    The E-learning Framework 

ELSB    E-learning Service Bus 

EU    European Union 

EUA    European University Association 

EUCOR    European Confederation of Upper Rhine 

F2F    Face to Face 

FP7    7th Framework Programme 

GLOBE   Global Learning Objects Brokered Exchange 

HCD    Human Capital Development 

IAU    International Association of Universities 

IBA    Internet de Banda Ancha (Broadband Internet) 

IEEE    Institute of Electrical and Electronics Engineers 

IESALC   International Institute for Higher Education in Latin America and the  

Caribbean 

IETF    Internet Engineering Task Force 

IMAP   Internet Message Access Protocol 

IMS    Instructional Management System 

IMS CP   IMS Content Packaging 

IMS DRI  IMS Digital Repository Interoperability 

IMS LD   IMS Learning Design 

IMS LIP   IMS Learner Information Package 

IMS MD   IMS Learning Resource Metadata 

IMS QTI  IMS Question & Test Interoperability 

ING    Internet de Nueva Generación (Internet Next Generation) 

IPR    Intellectual Property Rights 

ISSS    Information Society Standardization System 

IST    Information Society Technologies 

IT     Information Technology 

ITECBAN  Technological and Methodological Infrastructure for Core Banking Support 

Infraestructura Tecnológica y Metodológica de Soporte para un Core  

Bancario. 

JISC    Joint Information Systems Committee 

JWS    Java Web Service 



 

 

XXIII 

Sandra Aguirre Herrera                                                         List of acronyms 

KTU    Korean University of Technology and Education 

KU    The University of Kansas 

LDAP   Lightweight Directory Access Protocol 

LMS    Learning Management System 

LOM    Learning Object Metadata 

LRE    Learning Resource Exchange 

LTSA   Learning Technology Systems Architecture 

LTSC   Learning Technologies Standardization Committee 

MDA    Model Driven Architecture 

MIT    Massachusetts Institute of Technology 

NISO    National Information Standards Organization 

NNTP   Network News Transport Protocol 

OASIS   Advancing Open Standards for the Information Society 

ODE    Orchestration Director Engine 

OECD   Organisation for Economic Cooperation and Development 

OKI    Open Knowledge Initiative 

OPENACS  Open Architecture Community System 

OSIDs   Open Service Interface Definitions 

OWL    Web Ontology Language 

P2P    Peer to Peer 

PAM    Pluggable Authentication Module 

PLA    Personal Learning Assistant 

PLQL   PROLEARN Query Language 

POP3    Post Office Protocol 3 

QEL    Query Exchange Language 

RADIUS   Remote Authentication Dial In User Service 

REST   Representational State Transfer 

RDF    Resource Description Framework 

ROI    Return of Investment 

RPC    Remote Procedure Call 

RSS    Really Simple Syndication 

SAP    Service Access Point 

SCORM   Sharable Content Object Reference Model 

SFDL    Simple Form Definition Language 

SOA     Service Oriented Architecture 



 

 

XXIV 

Sandra Aguirre Herrera                                                         List of acronyms 

SOAP   Simple Object Access Protocol 

SOELA   Service Oriented E-learning Reference Architecture 

SP     Service Provider 

SPARQL  Simple Protocol and RDF Query Language 

SRU     Search/Retrieval via URL 

SRW    Search/Retrieval via Web Service 

SQL    Structured Query Language 

SQI    Simple Query Interface 

SSO    Single Sign-On 

SUM    Service Usage Model 

TEL    Technology Enhanced Learning 

TCL    Tool Command Language 

TWiST   Tcl Web Service Toolkit 

UAE    United Arab Emirates 

UBP    Universal Brokerage Platform 

UDDI    Universal Description, Discovery and Integration 

UPM    Universidad Politécnica de Madrid 

USA    United States of America 

UK    United Kingdom 

VSQL   Very Simple Query Language 

WAPI   Workflow Application Programming Interface 

W3C    World Wide Web Consortium 

WfMC   Workflow Management Coalition 

WS    Web Services 

WSPL    Web Services Policy Language 

XACML   Extensible Access Control Markup Language 

XML    Extensible Markup Language 

XPDL   XML Process Definition Language 

YAWL   Yet Another Workflow Language 

 

 



 

 

1 

Sandra Aguirre Herrera                                        Introduction 

 

 

Chapter 1 

Introduction 
1. INTRODUCTION 

1.1 Motivation and context 

 

The development of joint degrees is an important mechanism for strengthening academic 

research collaborations and diversifying knowledge. Joint degrees are becoming increasingly 

implemented in universities around the world. The number of joint degree programmes has 

grown dramatically in recent years. In Europe, the Bologna process and the Erasmus 

programme have encouraged both the recognition of joint and double degrees and promoted 

close collaboration between academic institutions. 

 

In an increasingly competitive higher education market, collaboration between universities is an 

important strategy for gaining access to the global market. The current global economic crisis is 

having a marked impact on certain internationalisation activities as a result of the extra financial 

cost to students for mobility [43]. E-learning can help to reduce these expenses, enhance the 

diversity of programmes, and be extended into new markets. 

 

Technology and communication infrastructures provide better opportunities to deliver online 

courses. According to Euler, Seufert, and Moser [48], e-learning is a tool that facilitates the 

servicing of a new market; it offers the potential to enhance the programme profile of a given 

university to include other services, as well as being used for the enhancement of university 

teaching and the implementation of internationalisation in education. The European commission 

has integrated various educational and training initiatives under the Lifelong Learning 

Programme of 2007–2013. There are several ways of promoting the use of e-learning as a 

collaborative tool. Furthermore, e-learning has a great potential to meet the objectives 

established in the Bologna Process. 
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The development of joint degrees through e-learning systems is complex, and involves 

challenges at different levels. Most joint degrees worldwide are carried out in blended learning 

environments which combine the traditional face-to-face lectures with online learning. We have 

considered mainly two learning approaches to support the development of joint degrees which 

are blended learning and distance learning.  

 

In this context, we will address the following research questions:  

1. What factors need to be considered in the implementation and management of joint 

degrees?  

2. How can the current e-learning systems support the development of joint degrees?  

3. What other services and systems need to be adapted by universities interested in 

participating in a joint degree through their e-learning systems? 

 

Our research started with the analysis of several collaboration agreements between universities 

at the national, European, and transatlantic level, as well as various e-learning frameworks. The 

support of joint degree through e-learning systems involves technical, semantic, 

political/human, international and legal interoperability. This dissertation aims to solve the 

technical, semantic and international challenges and present the feasibility of e-learning as a tool 

to support the development of joint degrees based on collaboration agreements. A new e-

learning system domain is presented.  

 

1.2 Objectives 

 

The overall objective of this PhD dissertation is to design a policy-driven architecture for 

supporting the development of joint degrees through e-learning services. Our purpose is to allow 

e-learning systems to be able to work in a collaborative way by combining their data and 

functionality through the integration of their services. In order to provide a better support for 

service management in accordance with the agreements established by the universities involved,   

the architecture is based on policies, workflow and services. 

 

The specific objectives of this dissertation are as follows:  

 

 To identify the challenges and potential problems to overcome in the development of 

joint degrees through e-learning systems. In order to achieve this goal, several 
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collaboration agreements between universities at the national, European, and 

transatlantic level together with various e-learning frameworks must be analysed. 

 To define a conceptual model in order to analyze how an e-learning system can be used 

as a means of developing joint degrees. The conceptual model should include both the 

roles involved in the support of joint degrees and the business model that could be 

adopted.  

 To design a reference architecture for implementing inter-institutional degree 

collaborations through e-learning systems. The main components of the architecture 

will be identified and described. 

 To define the workflow management component of the architecture. This component 

must manage and implement workflows through the execution of e-learning services 

whose order of execution will be driven by policies. These policies will be defined in 

accordance with the agreements established by the universities involved in the 

development of a joint degree. 

 To identify which other services and systems need to be adapted by universities. We 

will identify and focus on those services and systems that should be considered by 

universities interested in participating in a joint degree through their e-learning systems.  

 To identify the building blocks for interoperability of learning object repositories. The 

architecture must support the buildings blocks for interoperability of learning object 

repositories. The identification of these building blocks is neccesary. 

  To validate the feasibility of the research approach. The implementation of joint 

degrees through e-learning systems is complex. In order to validate our contributions, 

most components described in the proposed architecture should be validated. 

 

1.3 Research Methodology 

 

The implementation of joint degrees by means of e-learning systems gives rise to important 

research challenges generated by the heterogeneity of systems. The work carried out in the 

ELENA [44], PROLEARN [119] and iCamp [67] European projects has been crucial for 

identifying these challenges.  

 

In order to evaluate whether an e-learning system can be used as a means of developing joint 

degrees, several collaboration agreements between universities at the national, European, and 

transatlantic level were analysed.  Taking into consideration the issues stipulated in these 
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agreements, we have analyzed those that can be managed through e-learning systems and those 

which will be considered as limitations. As a result, a conceptual model was defined. The main 

obstacles, benefits, and challenges to be overcome in the context of e-learning systems and joint 

degrees were identified.   

 

The process of developing joint degrees through e-learning systems is complex because it 

implies interoperability of different functionalities. Moreover, many barriers have to be 

overcome to achieve this scenario, e.g. legal obstacles, national and international recognition, 

quality assurance, the need for compatible credit systems, varying teaching approaches, 

examination procedures, the bureaucracy involved in the administrative processes, cultural 

differences, bandwidth limitations, etc.  

 

Once the problems and goals had been identified, the next step was to try to find already 

existing technical solutions related to interoperability of learning object repositories and service-

oriented architectures in e-learning. As regards interoperability of learning object repositories, 

the author had the privilege of participating in the ELENA, PROLEARN and iCamp European 

projects. In particular, the author participated in the definition and validation of a common 

query interface and a metadata schema as building blocks for interoperability of learning object 

repositories. The candidate was responsible for integrating EducaNext-UPM into several search 

networks of semantic networks of the interoperable learning repositories. 

 

An extensive review of the literature was carried out related to the service-oriented architectures 

in e-learning. A reference architecture for supporting the development of joint degrees was 

proposed as a result. This proposal was presented by the author at the first PROLEARN summer 

school. Experts in the field provided comments and suggestions, which helped to improve the 

proposal. Once the architecture was identified, the next step was to validate it. The validation of 

the whole architecture was not possible because it involves technical, administrative, security, 

cultural, financial and legal challenges. However, in order to validate our contributions, most 

components described in the proposed architecture were validated in different projects. 

 

The work conducted by the author in the ITECBAN project provides the basis for the overall 

picture of the workflow management component of the architecture. Further research was 

required to provide the whole description of the different processes and policies involved in a 

joint degree. During a three-month research stay of in the Department of Computer Science at 

the University of Leicester, in the United Kingdom, the author had the opportunity to carry out 
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research on the use of policy languages in services. In particular, the APPEL language was used 

to define policies in the context of joint degrees. The result was the proposal of the workflow 

management infrastructure. The development of this infrastructure was partially validated in the 

context of the ITECBAN project, which has allowed the author to gather feedback from experts 

in the field. 

 

Related to the field of e-learning services, we have focused on the use of videoconferencing and 

lecture recording as the best-suited services to support collaborative learning scenarios. In the 

IBA [66] and PROLEARN projects, the author has had the opportunity to evaluate a joint 

course delivered via the Internet using videoconferencing and collaborative tools. Furthermore, 

she participated in the specification and implementation of the CyberAula 2.0 project [8] [9]  to 

support videoconferencing and lecture recording services through the integration of three 

platforms:  UPM Moodle, the Global Plaza platform [17] and Isabel videoconference tool [121]. 

These scenarios provided the background for the contributions regarding the conceptual model 

and the use of e-learning services within a collaborative environment. We have presented a new 

Educative Innovation project called Comunica-Media in order to continue the two main lines of 

research implemented in the CyberAula project, adding the use of screencast as a tool for 

improving teaching, learning and assessment. 

 

1.4 Related projects 

 

The research presented in this thesis has been partially supported by different projects related to 

technology-enhanced learning and collaborative spaces. This has enabled us to validate the 

theoretical and practical developments in real scenarios ensuring the compatibility with other 

related systems, and to get comments and suggestions from experts and the user community. A 

brief description of each related project is presented in chronological order. 

 

1.4.1 ELENA (IST-2001-37264) 

ELENA [44] was an IST project funded by the European Commission under the Fifth 

Framework Programme. The main goal of the ELENA project was to demonstrate the feasibility 

of a Smart Space for LearningTM that contributes to a more effective and efficient development 

of human resources. ELENA has allowed the integration of heterogeneous educational nodes, 

ranging from online bookstores to course databases that can all be accessed by the personnel 
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development portal Human Capital Development (HCD) online.  In order to achieve the main 

goal of the project, the following objectives were set: 

 

 Analyse existing standards for modelling learning-relevant data beyond learning objects 

and to provide recommendations for their further development;  

 Develop schemas describing educational services such as educational activities, 

learning delivery, teaching assessment and learner assessment;  

 Design and implement a smart space for learning that integrates heterogeneous services 

such as assessment services, content brokerage, learning management and human 

resources management;  

 Test the applicability of smart spaces in the field of education and training from a 

business and organizational perspective and draw conclusions for the design of 

intelligent environments in this field;  

 Develop best practice guidelines for deploying smart learning spaces from an 

organizational, technological and pedagogical perspective. 

 

The author had the opportunity to work in the later stages of the ELENA project.  In particular, 

the author participated in the development of a semantic network of interoperable educational 

systems referred to as Smart Space for LearningTM [140]. The author was responsible for 

integrating EducaNext-UPM into the ELENA network, which was built on the following 

cornerstones [4]: 

 

 A common API for querying, called SQI with a web-service based instantiation of the 

API. 

 A common semantic model for querying and results format presentation, called ELENA 

Common Schema which can be encoded in XML and RDF.  

 Re-usable components for integrating existing systems with a minimum effort. We have 

developed these components for RDF repositories, XML documents (databases) and 

relational databases. 

 

1.4.2 PROLEARN (IST-2004-507310) 

 

PROLEARN [114] was a 'Network of Excellence' in Professional Learning, funded by the IST 

programme of the European Commission under the Sixth Framework Programme. The mission 
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of the project was to bring together the most significant research and development institutions in 

the area of professional learning and training, as well as other key organizations and industrial 

partners. 

 

PROLEARN integrated numerous communities active in professional learning, including e-

learning, standards, interoperability, multimedia, collaborative learning, competencies, business 

process and learning.   

 

The author had the privilege of participating in work package 5 related to Brokerage Systems 

and Learning Management.  This workgroup was later integrated into work package 4 

“Learning Objects, Metadata and Standards”. Furthermore, the author participated in work 

package 2 related to interactive media. This has given rise to the opportunity not only to validate 

some of the ideas and contributions of this dissertation, but also to have access to experts in the 

field of Technology Enhanced Learning. 

 

1.4.3 iCamp (IST-027168) 

 

iCamp [67] was an IST project funded by the European Commission under the Sixth 

Framework Programme. The main research objectives of iCamp were driven by pedagogical, 

technical and social challenges.  The technical approach of iCamp was concentrated around 

three broad topics: interoperability, socio-constructivist learning tools and open source [81]. 

 

The project was aimed at creating an infrastructure for collaboration and networking across 

systems, countries, and disciplines in Higher Education. iCamp developed a strong 

interoperability among different open source learning platforms. 

 

The author contributed to the integration of EducaNext-UPM in an open virtual learning 

environment consisting of a network of learning tools, platforms and repositories. 

 

1.4.4 ITECBAN 

 

ITECBAN was an IT innovation project funded by the CENIT programme (a Spanish public 

R&D programme). The project was aimed at defining a complete core banking solution for 
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supporting bank business management systems. As part of this solution, the author participated 

in building the core banking process using software tools oriented towards the collaborative 

activities of a virtual organization. 

 

ITECBAN had to support different collaborative activities such as software development 

process within a banking core, videoconference, content management, etc. These activities 

imposed a series of requirements that the platform needed to support. This platform must 

satisfy, at least, the following functional requirements: 

 

 Asynchronous communication for organizing f2f (face-to-face) meetings or 

coordinating activities. 

 Synchronous communication for sharing management information in different 

standardized formats. 

 The ability to use this information from geographically distributed facilities. 

 Coordinating a group of people, with quite similar skills and business expertise by a 

project/group leader, manager or community expert. 

 Scheduling virtual or f2f meetings, keeping track of them. 

 Using workflow management to coordinate their daily activities. 

 Each component is independent of the others and they communicate through the 

services that each of them exposes.  

 

The author was fortunate to have the opportunity to work in the ITECBAN project from its early 

stages. This provided an opportunity to validate some contributions of this dissertation. In 

particular, the author participated in the specification and implementation of the main 

components of this virtual organization, focusing on the workflow management system. 

 

1.4.5 IBA/ING and CyberAula 2.0 

 

IBA (Broadband Internet) also called ING (Internet Next Generation) is an experience of 

educational innovation carried out among the Technical Universities of Madrid, Barcelona and 

Valencia [66]. This experience is based on the development of the IBA/ING course, which is 

offered jointly by these three universities through the Internet using videoconferencing and 

collaborative tools. The course has been performing continuously since 1997-1998. Currently, 

the course uses both synchronous collaborative tools such as the Isabel videoconference tool [8] 
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and asynchronous tools such as wikis and blogs. All classes are recorded so students may view 

them at a later date.  

 

CyberAula 2.0 was an innovation project funded by the Universidad Politécnica de Madrid 

under the Educative Innovation Programme. The main objective of the CyberAula 2.0 project 

was to support, record and validate videoconferencing and lecture recording services through 

the integration of the UPM Moodle Platform with both the Global Plaza platform [55] and 

Isabel videoconference tool [8]. Each class session was broadcast on the Internet and then 

recorded, enabling geographically distant students to participate in on-campus classes. 

 

Given that videoconferencing and lecture recording services provide an environment that is well 

suited to collaborative distance learning [37], the author has validated the use of these e-learning 

services mainly in the IBA/ING and CyberAula 2.0 projects.  We have presented a new 

Educative Innovation project called Comunica-Media in order to continue the two main lines of 

research implemented in the CyberAula project, adding the use of screencast as a tool for 

improving teaching, learning and assessment. 

 

1.5 Structure of this document 

 

The structure of the document is organized as follows: 

 

 Chapter 2 focuses on the state of the art of the context and technologies supporting the 

results of this dissertation. First, the learning context is described. The main issues of 

joint degrees backed up by collaboration agreements are introduced. Several 

collaboration agreements between universities at the national, European, and 

transatlantic level have been analysed in order to identify the terms that can be managed 

and implemented through the e-learning systems. Once these terms have been 

identified, the chapter approaches the state of the art of service-oriented approaches in 

e-learning. After that, a section is dedicated to workflow management focusing on the 

Workflow Reference Model, workflow engines as well as policy and workflow 

languages. Finally, the last section describes the most relevant metadata schemas, 

search protocols and query languages related to interoperability for searching learning 

object repositories. 
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 Chapter 3 presents a theoretical model for developing joint degree programmes through 

e-learning systems as stipulated by a collaboration agreement signed by two 

universities. A conceptual model, the key issues and limitations identified, the 

participating roles and a business model are presented as part of the theoretical model.  

 Chapter 4 introduces the proposed service-oriented architecture for implementing inter-

institutional degree collaborations through e-learning systems. The architecture is based 

on policies, workflow and services. The main components of the architecture are 

described.  

 Chapter 5 describes the workflow management of e-learning services based on the 

WfMC Reference Model. The implementation layers of a collaboration agreement are 

described as well as the proposed workflow management components. In order to show 

how the theory can be tested one sample scenario is presented. 

 Chapter 6 is dedicated to interoperability for querying learning object repositories. A 

common query interface and a common schema for querying and results presentation 

are described. A brokerage system called EducaNext has been used in the 

demonstration and validation of these approaches. 

 Chapter 7 provides an overview of all the validation activities as well as the results of 

this dissertation.  

 Finally, the last chapter summarizes the main contributions of our work and outlines 

some future research activities.  
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Chapter 2 

State of the Art 
2. STATE OF THE ART 

The development of joint degrees through e-learning systems is complex, and involves a variety 

of challenges. This chapter provides the reader with an overview of the learning context, as well 

as the different technical and nontechnical issues that support the contributions that this thesis 

proposes.  For the purpose of this dissertation, a joint degree is defined as an academic 

programme made up of a cluster of services that are offered by universities through their e-

learning systems. The services are federated in accordance with the agreement established by 

the universities involved [6]. 

 

This chapter is structured in four sections. First, we describe the context of joint degrees [85] 

backed up by collaboration agreements. As part of this context, videoconferencing and lecture 

recording services play an important role for developing courses within collaborative 

educational scenarios. Several collaboration agreements between universities at the national, 

European, and transatlantic level have been analysed in order to identify the terms that can be 

managed and implemented through e-learning systems. In accordance with this analysis and the 

terms proposed by Valiulis [168] and the Joiman Network [78], the terms of a collaboration 

agreement can be divided into six categories: academic, administrative, context, security, 

financial, and legal. 

 

The second section describes the state of the art of service-oriented approaches in e-learning. In 

addition to examining collaboration agreements, we also analysed several service-oriented e-

learning frameworks (e.g. ELF [153], OKI [42], CORDRA [122]) and architectures (e.g. LTSA 

[71], eduSource [58], SOELA [182]).  This enabled us to identify both the main components 

and the services that an e-learning system should implement to facilitate the development of 

joint degree programmes.  

 

After that, the chapter presents the concepts related to the workflow management focusing on 

the Workflow Reference Model [175], workflow engines such as Apache ODE [14], OpenWFE 
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[129], jBPM [76], Oracle BPEL Process Manager [114] and Enhydra Shark [46] as well as 

workflow languages (e.g. WS-BPEL [178], YAWL [170], XPDL [178])  and policy languages 

(e.g. APPEL [126], XACML [108], WS-Policy [173]).  

 

Finally, the last section describes the most relevant metadata schemas, search protocols and 

query languages related to interoperability for searching learning object repositories.  A high 

number of standards and specifications exist in the e-learning domain. This section presents the 

relevant metadata schemas used to describe learning objects such as LOM [70], Dublin Core 

[35], SCORM [131] and EdNA [41]. Some interesting initiatives to specify a search protocol for 

querying learning repositories are SRW/SRU [145], ECL [58], OSIDs [42], SQI [26] and 

OpenSearch [113]. Likewise, some query languages specifications considered in this research 

are QEL [105], SPARQL [143], PLQL [150] and XQuery [180]. 

 

Each section ends with a summary of its main points and conclusions. 

 

2.1 Learning context 

 

Technology Enhanced Learning (TEL) is having a profound impact on education, increasing the 

possibilities of communication, collaboration and interactivity in learning environments. TEL is 

often used synonymously with e-learning. TEL refers any learning activity that uses technology 

whereas e-learning is defined as "the use of new multimedia technologies and the Internet to 

improve the quality of learning by facilitating access to resources and services as well as remote 

exchanges and collaboration” [28]. In the same way, the terms E-learning and online learning 

are often used interchangeably. E-learning can encompass any form of telecommunications and 

computer-based learning, while online learning means using specifically the Internet and the 

web [20]. 

 

There are several approaches for teaching and learning such as Face-to-face (F2F) learning, 

blended learning and online learning. Figure 1 shows these learning approaches. E-learning is 

suited to blended learning and online learning.  

 

The traditional approach to education or F2F learning approach refers to the traditional teaching 

in classroom where the transfer of knowledge is achieved mostly by lecturing [62]. 
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Figure 1. Learning approaches 

 

Blended learning has become an increasingly popular modality of learning and teaching, 

combining the traditional F2F lectures with online learning, where the classroom time is 

reduced but not eliminated. The terms “mixed mode” and “hybrid” are used synonymously with 

blended learning. The balance between online and face-to-face components in a blended 

learning approach will vary for each course and will depends on the instructional goals, student 

characteristics, instructor background, and online resources [110].  

 

Online learning is a form of distance education. In this approach, teachers and learners are 

separated by distance. Online cross-border distance education provides an additional 

opportunity for achieving global competence over the more traditional learning experiences, 

such as internationalizing the faculty and creating foreign immersion programmes [128].  

According to Alonso et al. [12], the most efficient learning approach is blended learning which 

combines self-paced learning, live e-learning and F2F learning. 

 

Mobile learning (mLearning) is perhaps the form of e-learning that is attracting most research 

activity. It introduces the use of mobile devices into the learning process and takes advantage of 

the many benefits they bring in terms of, e.g., ubiquitous connectivity or flexible learning hours 

[24]. Regardless of the e-learning form chosen, it must meet minimum quality criteria to ensure 

a successful learning process. Some interesting work in this field can be found in [23], [45], [54] 

and [116]. 

 

Figure 2 shows the continuum of technology-based learning described by Bates and Poole [20], 

where e-learning encompasses a wider range of educational activities from F2F learning to 

distance education. In this continuum, blended learning covers classroom aids, F2F and e-

Blended
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learning, while distributed learning incorporates F2F learning, e-learning and distance education 

(fully online learning).  

 

 

Figure 2. The continuum of technology-based learning (from Bates and Poole [20]) 

 

2.1.1 Joint degrees  

 

The development of a European Space for Higher Education widely known as the Bologna 

Process is being promoted. The main objectives of the process are the convergence of higher 

European education, the recognition and quality of studies, and the improvement of 

international competitiveness in the European educational system.   

 

According to a report by the EUA [125], joint degrees have an intrinsic link with all of the goals 

of the Bologna Process because it encourages a close collaboration among different countries. 

The Prague Communiqué [162] stated: “In order to further strengthen the important European 

dimensions of higher education and graduate employability Ministers called upon the higher 

education sector to increase the development of modules, courses and curricula at all levels with 

‘European’ content, orientation or organisation. This concerns particularly modules, courses and 

degree curricula offered in partnership by institutions from different countries and leading to a 

recognized joint degree”.   

 

A joint degree can be defined as an academic programme where students study at a minimum of 

two higher education institutions and receive a single degree certificate issued and signed by all 

of them jointly upon completion of the study programme. On the other hand, in a dual or double 
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degree, students study at a minimum of two higher education institutions and receive a separate 

degree certificate from each of them upon completion [85]. 

 

Knight [83] defines a joint degree as a programme awards one joint qualification upon 

completion of the collaborative programme requirements established by the partner institutions. 

Another definition for joint degree proposed by Schüle is “a single diploma issued by two or 

more institutions offering an integrated study programme. The single diploma (Bachelor, 

Master, Doctor) is signed by the rectors of all participating universities and recognised as 

substitute of the national diplomas” [131]. The degree awarded has legal effects in the countries 

of all partner institutions.  

 

Joint degrees are normally awarded after study programmes that have at least some of the 

following characteristics [148]: 

 

 The programmes are developed and/or approved jointly by several institutions. 

 Students from each participating institution complete parts of the programme at other 

institutions. 

 Students’ stays at all participating institutions are of comparable length. 

 Periods of study and exams passed at the partner institution(s) are recognised fully and 

automatically by all participating institutions. 

 Professors of each participating institution also teach at the other institutions, work out 

the curriculum jointly and form joint commissions for admission and examinations. 

 After completion of the full programme, the student obtains either a national degree 

from each participating institution or a degree (in fact, usually an unofficial “certificate” 

or “diploma”) awarded jointly by all participating institutions. 

 

Joint programmes are currently high on the agenda of European universities, their 

implementation challenges institutional structures and organizational processes. It involves 

curricular reforms, strong academic involvement and extensive legal knowledge of local, 

regional and global regulations [92].  

 

According to a study on the development of Erasmus Mundus postgraduate degrees in Spanish 

universities [21], joint degrees can be classified as are shown in Table 1. 
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Table 1. Classification of joint degrees [21] 

Joint degrees 

Issue Classification 

Scope National 

Transnational 

Disciplinarily Same Discipline 

Interdisciplinary 

Homologation Recognized 

Mixed 

Entities Academics 

No Academics 

 

In 2003, European ministers agreed [152] “to engage at the national level to remove legal 

obstacles to the establishment and recognition of such degrees and to actively support the 

development and adequate quality assurance of integrated curricula leading to joint degrees”. 

Despite of this recommendation, currently exist legal obstacles for recognition of joint degrees. 

 

Joint degrees are seen as a principal instrument for developing the European Higher Education 

Area (EHEA) and for improving the competitiveness of European higher education around the 

world [83]. Considering that joint degree programmes call for the harmonising of degree 

structures and quality assurance standards, they are considered important instruments for 

implementing the objectives set out in the Bologna declaration [92]. 

 

A survey report, “Joint and Double Degree Programmes in the Transatlantic Context” [85], 

found that double degrees appear to be much more common than joint degrees, and a large 

majority of both USA and EU institutions plan to develop more joint and double degrees in the 

future. The major findings of this report are summarised in Table 2. 

 

Table 2. Findings of the “Transatlantic Degree Programmes Survey” [85] 

Institutions United States Europe 

Top 5 partner 

countries 

Germany, China, France, 

Mexico, and South Korea/ Spain 

United States, France, Spain, 

Germany, and the UK 

Desired partners for 

future joint degrees 

China, India, Germany, and 

France 

United States, China, Germany, 

Canada, and the UK 



 

 

17 

Sandra Aguirre Herrera                                                                State of the art 

Educational level More likely at undergraduate 

level 

More likely at graduate level 

The most popular 

academic disciplines 

Business and Management 

Engineering 

Business and Management  

Engineering 

Probability of students 

participation 

Less likely More likely 

Cover cost with 

students fees 

More likely (institutions tend to 

draw more funding from 

university budgets and external 

sources.) 

Less likely 

Language of 

instruction 

English   English and home language 

Most important 

challenges 

Adequate funding and 

sustainability Institutional 

support and recruiting students 

Adequate funding and 

sustainability 

Difficulties in designing the 

curriculum and agreeing on 

credit transfer recognition 

The key motivations The internationalisation of the 

campus and raising international 

visibility and prestige of the 

institution 

The internationalisation of the 

campus and raising international 

visibility and prestige of the 

institution 

Selection process Student selection is done by 

each institution separately but 

based on shared criteria. 

Student selection is done by each 

institution separately but based 

on shared criteria. 

 

About half of surveyed institutions from US and Europe, offer joint and double degrees in the 

field of business and management. The second common academic discipline was engineering. 

The top academic disciplines in which joint or double degrees are offered are depicted in Figure 

3. 

 

The 2005 IAU global survey on the internationalisation of higher education [82] identified 17 

internationalisation policies. The implementation of institutional agreements and networks 

together with the development of joint and double degrees ranked the 1st and 10th priorities 

respectively in this list. The initial results of the 3rd IAU Global Survey [42] ranked the 
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development of joint or double degrees as the fifth institutional priority in internationalisation of 

higher education. 

 

 

Figure 3. Top academic disciplines [85] 

 

Joint degrees are being developed worldwide. Joint degrees are more common at Master and 

doctoral levels than at first degree level [148]. A few examples of funding programmes 

available to promote joint degrees include the European Union-United States Atlantis 

programme [156], the Erasmus Mundus programme [154], the Singapore-MIT Alliance [163], 

and the Worldwide Universities Network [164]. Table 3 lists examples of joint degrees at the 

bachelors, Masters, and PhD levels. 

 

Table 3. Examples of joint degrees 

Joint degree Consortium members - 

Universities 

Learning context 

Master’s in Public 

Administration 

University of Alaska Southeast 

(USA) and Yukon College 

(Canada) 

Blended learning  

(optional face-to-face classes,  

Live classes broadcast on 

television, videoconferencing, 

lecture recordings, and LMS) 

0 10 20 30 40 50

Fine and Applied Arts (incl. Visual performing, …

Agriculture

Communications (incl. Media, Journalism)

Education

Other (general studies, multidisciplinary,  library science)

Health Professions

Law

Humanities

Physical and Life Sciences

Social Sciences

Mathematics and Computer Sciences

Engineering

Business and Management

6

4

9

9

9

6

2

10

13

16

15

21

45

2

3

4

5

5

8

8

11

11

11

12

29

46

EU

US
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Master’s in 

International Studies 

Johns Hopkins University (USA) 

and Nanjing University (China) 

Blended learning  

(face-to-face courses 

‘compulsory mobility’ and 

online learning) 

Master’s in Business 

Administration 

(MBA)  

New York University (USA), 

London School of Economics 

(UK) and HEC Paris (France) 

Blended learning 

(face-to-face courses 

‘compulsory mobility’ and 

online learning) 

European MBA Deusto University (Spain), 

AUDENCIA-Nantes Ecole de 

Management (France), and  

Bradford University (UK). 

Blended learning 

(face-to-face courses 

‘compulsory mobility’ and 

online learning) 

Bachelor of Arts National University of Singapore 

(Singapore) and the University of 

North Carolina (USA) 

Blended learning 

(face-to-face courses 

‘compulsory mobility’ and 

online learning) 

Master’s in 

Microelectronics 

Nanyang Technological 

University (Singapore) and 

Technical University of Munich 

(Germany) 

Blended learning 

(face-to-face courses 

‘compulsory mobility’ and 

online learning) 

PhD in Medicine Makerere University (Uganda) 

and Karolinska Institutet 

(Sweden) 

Blended learning 

(face-to-face courses 

‘compulsory mobility’ and 

online learning) 

Master’s in History 

of South-Eastern 

Europe 

Babeş-Bolyai University of Cluj-

Napoca (Romania), University of 

Graz (Austria), and University of 

Ljubljana (Slovenia) 

Blended learning 

(face-to-face courses 

‘compulsory mobility’ and 

online learning 

Bachelor of 

Engineering 

Universidad del Norte (Colombia) 

and University of South Florida 

(USA) 

Blended learning 

(face-to-face courses 

‘compulsory mobility’ and 

online learning) 

European Master’s 

Programme in 

Universidad Politécnica de 

Madrid (Spain), Blekinge Institute 

Blended learning 

(face-to-face courses 
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Software 

Engineering 

of Technology (Sweden), 

University of Kaiserlautern 

(Germany)  

and the Free University of Bolzen 

(Italy) 

‘compulsory mobility’ and 

online learning) 

 

The project “Example of Excellence of Joint Degree Programmes Development in South 

Eastern Europe” [79] aims at transferring multi-lateral know-how in the development of 

curricula for developing four joint degree programmes on master level in the Western Balkan 

region. The implementation process will be accompanied by activities ensuring sustainability 

and quality assurance of the joint programmes. Furthermore, five tasks forces examine the 

different legal and institutional context in order to develop and publish a best practise model. 

  

Eckel [38] identified and described one trend emerging from globalisation; namely, American 

colleges and universities are leveraging their curricula internationally through joint ventures 

with other universities or with other partners such as corporations, non-profits, and non-

governmental organisations, which result in new academic programmes that each partner alone 

could not offer. 

 

Differences in admission requirements, credit systems, academic calendars, tuition fees, quality 

assurance, and teaching approaches are some of the challenges that need to be overcome in the 

development of joint degrees. 

 

The Joiman Network (Joint Degree Management and Administration Network) [78] composed 

by 15 European universities and 3 Erasmus Mundus National structures, investigated challenges 

and obstacles faced by coordinators of Joint Programmes on Master and Doctoral level. The 

accreditation of joint degrees and the legislation on tuition fees for higher education were the 

main obstacles presented.  

 

The European University Association (EUA) published the results of the EUA Joint Master 

project [49], which discusses both incentives and obstacles to the development of Joint Masters 

programmes in Europe. The main obstacles found were the recognition of joint degrees as well 

as quality assurance and funding.  

 



 

 

21 

Sandra Aguirre Herrera                                                                State of the art 

2.1.2 Collaborative agreements 

 

In this context, contracts or collaboration agreements formalise an agreement between 

universities working toward a common objective, which is the development of a joint degree. A 

collaboration agreement states the rights and obligations of the parties involved as well as the 

control policies that are applicable under it.  According to Valiulis [168], an agreement between 

joint degree partners must include the following items: 

 

 Enrolment rules and orders 

 The order of the programme and students financial support 

 The volume of studies 

 The process for evaluating knowledge and learning outcomes 

 Methods for tracking student results 

 Necessary materials and methodologies for the programme  

 Staff competence 

 Students and teaching staff mobility rules 

 Quality assurance of studies 

 The studies instruction language  

 The joint degree rendering order 

 Tools for helping joint-degree students adapt to other cultural and social environments 

in partner institutions 

 The responsibility of all parties for inappropriate execution or non-execution of the 

agreement 

 

The Joiman Network [78] has proposed a cooperation agreement template collected from the  

institutions participating in the project. Table 4 shows the proposed agreement layout. 

 

Table 4. The proposed agreement layout by the Joiman Network [76] 

Description of the 

Programme 

Main objective 

Length 

Target group 

Mobility scheme 

Role of the partners 

Detailed study programme 
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Legal Framework Length of the validity of the accreditation 

Legislative framework 

Cooperation aspects Coordinating institution 

The governing boards 

Task forces and committees 

Promotion of the 

programme 

Examples:  

Websites 

Cultural services 

Scientific and professional bodies and organisations 

International scientific conferences 

Student’s administration Application procedures 

Criteria for admission 

Selection procedure 

Enrolment of students 

Academic progress, examination of students and transfer of 

credits 

Mutual recognition within the consortium and the final degree 

Mobility 

Students’ rights and responsibilities 

Financial Management Tuition fees 

Services Insurance obligations 

Prevention and security 

Quality assurance Quality assurance criteria 

Faculty and administrative 

staff exchange 

Methods of teaching and administrative staff exchanges 

Duration Entry into force of the agreement 

Duration 

Methods for the withdrawal from the agreement 

Changes and revisions to the agreement 

Application of law and 

dispute resolution 

Law applicable and dispute resolution 

Intellectual property rights Student’s research work could lead to intellectual property 

rights 

Confidentiality Confidentiality rules of the consortium 
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To identify the variables, rules, components, and roles that should be taken into account in our 

approach, we have analysed several collaboration agreements between universities at the 

national, European, and transatlantic level such as:  

 

 Dual Degree Master Programme in Computer Science between KAIST Department of 

Computer Science (Korea) and Technische University at Berlin (Germany).   

 Joint degree programme agreement at the School of Nursing and the Divinity School of 

Yale University (USA).  

 Agreement on a joint diploma/degree programme between Alpen-Adria Universität 

Klagenfurt (Austria) and Poznan University of Technology (Poland).  

 Joint degree programme agreement between Sheridan College (Canada) and York 

University (Canada) 

 Model general of collaboration agreement between Universidad Politécnica de Madrid 

(Spain) and academic partner 

 Collaboration agreement between National University of Singapore (Singapore) and 

University of Melbourne (Australia) 

 Some key terms of the collaboration agreements in UK are presented in the report publish 

by Eversheds (2009).  

 

In accordance with this analysis, the terms of collaboration agreements can be divided into six 

categories: academic, administrative, context, security, financial, and legal (Figure 4). Some 

issues that belong in the first four categories can be managed through e-learning systems. 

 

 

Figure 4. Categories of collaboration agreement issues 

Academic

Administrative

Context

Security

Legal

Financial

Collaboration agreement
issues

E-learning 
systems
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Table 5 summarises the general issues stipulated in a collaboration agreement regarding joint 

degrees. The issues that can be managed and implemented through the e-learning systems are 

italicized in Table 5. The rest of the issues require manual process and they are independent of 

any technical implementation.  

 

Table 5. Collaboration agreement issues 

Collaboration agreement issues 

Academic Administrative Context Security Financial Legal 

Joint 

curriculum  

Enrolment rules Academic 

calendars 

Access 

control and 

security 

policies 

Programme 

fees 

Legal 

recognition 

Admission 

requirements 

Duration and 

conditions of the 

agreement 

Language of 

instruction 

Data 

protection 

Financial aid Legal status 

Assessment Credit transfer 

recognition 

Credit format  Money 

exchange rate 

Intellectual 

property 

Quality 

assurance 

Recruitment 

strategies 

Programme 

dissemination 

 Sustainability  

 Administrative, 

teaching, and 

technical staff 

Awarding of 

degrees 

 Marketing  

    Distribution of 

incomes 

 

 

2.1.3 Multimedia services in Education 

 

The use of multimedia services in Education is a growing and efficient trend. Multimedia tools 

and software are put into use widely in education, which is helpful for cooperative learning, 

critical thinking, discussions, problem solving and self-study [77]. 

 

The use of video has been promoted as an educational resource for students and has been used 

to support student learning in all branches of education. Using this resource may lead to a better 

description by the lecturer and better visualisation, recognition and identification by the student 
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[135]. Examples of educational services based on the use of video are videoconferencing and 

lecture recording, which are enjoying increasing acceptance in the academic world from both 

teaching staff and students.   

 

Videoconferencing service provides an environment that is well suited to collaborative distance 

learning [37]. Videoconferencing features can improve communication, collaboration and 

interaction between the learner and the educator [61][141]. There are many tools in the 

videoconferencing world, including both open source and commercial tools. Examples of open 

source video conferencing tools are such as OpenMeetings [112], BigBlueButton [22] and 

Isabel [121]. Examples of commercial video conferencing tools are Polycom [118] and Adobe 

Connect [2]. Some of these tools can be integrated with Learning Management Systems (LMS), 

such as Moodle, Sakai or Blackboard, allowing the educator to easily share generated content 

with students.  

 

Online video recordings of previous lectures allow students to view lectures they missed or to 

review difficult lectures again to improve understanding [174]. With learning recordings, 

students can access the material asynchronously and independent of their location. Recording a 

lecture in front of a live audience and providing the recorded audio and video stream together 

with slides on the Internet is becoming increasingly popular [184].  Lecture recordings can be a 

powerful addition to traditional lectures and learning materials [86][95].  

 

The videoconferencing tool used to validate some ideas of this dissertation was Isabel [121].   

The development of Isabel started in 1993 as a broadband application able to support the 

distributed lectures of the RACE and ACTS Summer Schools on Advanced Broadband 

Communication [31] [120]. Since then, its development has continued, and Isabel has been used 

in several European projects (i.e., PROLEARN, GLOBAL, Collaboration and Rural) and 

supported many distributed congresses and classes. Its code was released in May 2010, and it is 

now open source. Isabel is based on interaction modes that allow the operator to select which 

audio and video is available and in what sizes. The video and audio quality and the bandwidth 

consumed by Isabel (ranging from 512Kbps to 10Mbps) can be selected and adapted to the 

characteristics of the user’s network. 

 

GlobalPlaza [17] is the web platform integrated with Isabel to schedule, perform, stream, record 

and publish videoconferences automatically. GlobalPlaza was developed in the context of the 

GLOBAL Project, a research project supported by the European Commission’s Seventh 
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Framework Programme. GlobalPlaza has supported more than 500 videoconferences and stores 

more than 900 videos. It has been open source from its first version and can be found in 

production at http://www.globalplaza.org. GlobalPlaza’s privacy policy 

(http://globalplaza.org/policy) warns users that their image will be recorded when they 

participate in GlobalPlaza events. Therefore, the videos can be streamed and recorded without 

legal problems. In the GlobalPlaza application, the streaming and recording quality and the 

bandwidth consumed can be selected when the operator schedules the event. The streaming 

options are 150 Kbps, 250 Kbps or 450 Kbps, and the recording options are 250 Kbps or 550 

Kbps. Both streaming and recording are flash based, so anyone with an Internet connection and 

a browser with flash support (such as Internet Explorer, Chrome or Firefox) can access the live 

streaming videos or recordings. 

 

GlobalPlaza also provides other functions that can be useful for distance education, such as a 

wall for sharing comments, a document repository for uploading files (which can be associated 

with the events, i.e., the slides used), and statistical information that enables teachers to identify 

and emphasise the most frequently viewed lesson. 

 

Screencast or multimedia tutorial [115] is a multimedia service that can be used as an efficient 

tool for teaching, learning and assessment. Screencast produces a video of screen activities, 

including mouse movements and clicks. An audio commentary can be added to the video to 

explain the process [117].  

 

2.1.4 Section summary and conclusions 

 

A joint degree can be defined as an academic programme where students study at (at least) two 

higher education institutions and receive upon completion of the study programme a single 

degree certificate issued and signed by all the participating institutions jointly [85]. Joint 

degrees contribute to the harmonisation of structures in higher education cooperation. 

 

The development of Joint Degrees is an important mechanism for opening higher education 

systems nationwide, adapting them to the international standard, and promoting quality 

assessment to a broader environment. Joint degrees are becoming increasingly implemented in 

universities around the world. The number of joint degree programmes has grown dramatically 

in recent years. In Europe, the Bologna process and the Erasmus programme have both 
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encouraged global recognition of joint and double degrees and promoted close collaboration 

between academic institutions. 

 

In order to identify the variables, rules, components, and roles that should be taken into account 

in our approach, we have analysed several collaboration agreements between universities at the 

national, European, and transatlantic level. In accordance with this analysis, the terms of 

collaboration agreements can be divided into six levels: academic, administrative, context, 

security, financial, and legal. 

 

The use of multimedia services in education is a growing trend, providing rich e-learning 

services that improve communication and interaction between teachers and students. Inside 

these e-learning services, we have focused on the use of videoconferencing and lecture 

recording as the best-suited services to support collaborative learning scenarios.  

 

2.2 Service-oriented approaches in e-learning 

 

Service-oriented approaches in e-learning systems are rapidly gaining popularity with the wide 

adoption of Web Services and because of the lower costs of integration coupled with flexibility 

and simplification of configuration [177]. 

  

In addition to examining collaboration agreements, we also analysed several e-learning 

frameworks and architectures to identify both the main components and services that an e-

learning system should implement to facilitate the development of joint degree programmes.   

 

2.2.1 Service-oriented e-learning frameworks 

2.2.1.1 E-learning Framework (ELF) 

 

The E-learning Framework (ELF) presents a collection of services required to support e-

learning applications in three categories of functional granularity: sample user agents, learning 

domain services and common services [153]. The category “sample user agents” refers to the 

end user functionality such as VLE/LMS and portal. The “learning domain services” category 

groups services specific to learning such as: assessment, grading and curriculum. The category 
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called “common services” cluster generic services which are shareable across applications such 

as authentication, calendaring and search. Each service is envisaged as a networked service, 

using either Web Services or a REST-style HTTP protocol.  

 

The e-learning framework was initially proposed by JISC and DESC in 2004. This initiative 

was expanded to include international partners as well as other domains such as resource 

management, research, and academic administration. This new approach is referred as “the e-

framework for Education and Research” which is an initiative to promote the use of a service-

oriented approach in the analysis and design of software for use in education and research [104].  

 

The technical components of the e-framework are service genres that specify what the services 

should do and service expressions that specify how the services do it. Service implementations, 

specifications and standards are not part of the e-framework, but the framework does reference 

them. A service usage model (SUM) consists of a set of summaries of business processes, 

service genres (or expressions) that are involved at each stage of those business processes and 

the data sources on which the services are based. 

2.2.1.2 OKI 

 

The Open Knowledge Initiative (OKI) leads by the MIT in close collaboration with growing 

partners universities. OKI defines an open, extensible and clearly defined architecture for 

learning technology specifically targeted to the needs of the higher education community [42]. 

The OKI architecture is made up of: 

 

 Educational applications like  LMS 

 Educational services of direct value to educational applications such as content 

management, assessment, course management, etc. 

 Common services include but are not limited to authentication, authorization, database, 

file, logging, rules and user messaging. 

 Institutional infrastructure includes “back end” capabilities like databases, registries, 

file systems and authentication servers.  

 

OKI develops and promotes interface specifications in a service-oriented architecture such as 

OSIDs previously stated. 
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2.2.1.3 CORDRA 

 

The Content Object Repository Discovery and Registration/Resolution Architecture 

(CORDRA) [122] defines a framework for the federation of digital collections based on open 

standards. The CORDRA was presented by the US Department of Defense's Advanced 

Distributed Learning (ADL) initiative. Figure 5 shows the CORDRA Model and its key 

components which are as follows: 

 

 Applications used to manage and deliver learning content, e.g., search, authoring, 

personalization, delivery, etc. 

 Content Repositories refers to local repositories and associated metadata. 

 System Repositories for system data, registries, etc. 

 Common Services Infrastructure includes the administrative services like 

authentication, rights management, etc. 

 Identifier System which is the infrastructure for object identification, registration and 

resolution.  

 

Figure 5. CORDRA Model [122] 

2.2.1.4 IMS Abstract Framework 

 

The IMS Abstract Framework [72]  provides the context for the development of the service 

based IMS specifications. It is an abstract representation of the set of services that are used to 
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construct an eLearning system. Figure 6 shows the IMS Abstract Framework as a layered 

model. The core features of this framework are: 

 

 Application layer refers to a set of systems, tools and applications to provide a 

particular set of eLearning functionality. 

 Application services layer includes the set of entities that provide the eLearning 

specific services like course management.  

 Common services layer are the generic services to be used by the application services 

such as authentication, authorization, etc. 

 Infrastructure layer provides the communication services that enable the exchange of 

the data structures. 

 

Figure 6. IMS Abstract Framework as a layered model 

 

Each service has a single SAP (Service Access Point) through which access to the service. A 

component is the realization of the processes that are used to represent a particular service.  

 

2.2.2 Service-oriented e-learning architectures 

2.2.2.1 LTSA 

 

The IEEE 1484.1 standard specifies the Learning Technology Systems Architecture (LTSA) 

[71], which is a high level architecture for information technology-supported learning, 
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education, and training systems.  LTSA is pedagogically neutral and platform neutral. The 

LSTA system components are: Processes (learner entity, evaluation, coach, delivery), Stores 

(learning records, learning resources) and Flows (learning parameters, behavior, assessment 

information, learner information, query, catalog info, locator, learning content, multimedia, 

interaction context) [71]. Figure 7 shows the LSTA system components. 

 

 

2.2.2.2 eduSource 

 

The eduSource (Canadian Network of Learning Object Repositories) project aimed at creating 

an open infrastructure for linking interoperable learning object repositories [58]. The eduSource 

architecture depicted in Figure 8, uses the web service approach in which services communicate 

using the eduSource Comunnication Language (ECL) protocol.  

 

 

Figure 8. EduSource functional architecture [58] 
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Figure 7. The LTSA system components [71] 



 

 

32 

Sandra Aguirre Herrera                                                                State of the art 

The ECL closely follows the IMS DRI specification [73], uses SOAP as a communication layer 

and defines a set of services, middleware, and communication conventions that enable 

repositories and tools to communicate with each other. IMS DRI core functions are 

implemented as eduSource Services such as: expose, gather, gateway gather, search, alert, 

submit, store, request and deliver. The architecture differentiates between the metadata 

repositories and resource repositories. Repositories publish their services in the UDDI-based 

ECL Registry. 

 

2.2.2.3 Architecture based on intelligent agents and web services 

 

Wei and Yan [171] proposed an e-learning architecture based on intelligent agents and web 

services to achieve personalized, flexible, loosely coupled and light weight systems. As depicted 

in Figure 9, this architecture proposes several basic services in the local server such as: login, 

user agent, authoring, delivery, search, content management and content agent.  

 

 

All learning objects and applications are wrapped as web services. Learner profiles are stored 

for personalization via intelligent systems. All the learning content is registered in the content 

broker and is searched by the search service. The user agent will invoke the search service when 

a user is authorized to use the system and request for searching content.   

Figure 9. E-learning architecture based on intelligent agents and web services [171] 
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2.2.2.4 SOELA 

 

Zheng et al. [182] proposes a service-oriented e-learning reference architecture (SOELA). This 

architecture is shown in Figure 10. SOELA is made up of the following parts: human-machine 

interface layer, application appearance layer, business process layer, service layer, component 

layer, infrastructure layer, E-learning Service Bus (ELSB) and security policies.  

 

The human-machine interface layer refers to the portal and entrance. The application 

appearance layer maps the request from human-machine interface to one or more e-learning 

business processes, whose logical presentation is realized by the business layer. The service 

Layer is composed of service instances which are choreographed into e-learning business 

processes. The component layer is responsible for executing the user request. The infrastructure 

layer consists of database systems, operative systems and storage systems. The ELSB is 

responsible for delivering messages. Finally, the security policies define a set of rules for user 

access control. 

 

 

Figure 10. SOELA architecture  

2.2.3 Section summary and conclusions 

 

Service-oriented approaches in e-learning systems are rapidly gaining popularity with the wide 

adoption of Web Services and because of the lower costs of integration coupled with flexibility 

and simplification of configuration [177]. 
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In addition to examining collaboration agreements, we also analysed several e-learning 

frameworks and architectures to identify both the main components and services that an e-

learning system should implement to facilitate the development of joint degree programmes. 

 

These proposals are interesting; however, in the context of joint degrees, these solutions are 

insufficient bearing in mind the necessity for the intervention of additional functionalities such 

as the design of joint curricula and the management of joint degrees based on collaboration 

agreements.   As regards e-learning systems, we have selected some criteria oriented to services 

which can be of interest when implementing a service-oriented architecture (Table 6) 

 

Table 6. A comparison of e-learning systems 

Criteria Moodle dotLRN Blackboard Sakai 

Development 

Language 

Php Tcl Java Java 

E-learning 

standards 

IMS CP, IMS 

QTI, SCORM  

IMS CP, IMS 

MD, IMS QTI, 

IMS LD, IMS 

Enterprise,  

SCORM  

IMS CP, IMS 

MD, IMS QTI, 

IMS LD, IMS 

Enterprise,  

SCORM 

IMS CP, IMS 

LD, IMS QTI, 

IMS Enterprise,  

SCORM 

Web services 

protocols 

AMF, REST, 

SOAP, XML-

RPC  

REST, XML-

RPC, SOAP 

SOAP SOAP, REST 

Web services 

Development 

Modules based 

on php 

Web Framework 

based on 

OpenACS. 

TWiST (Tcl web 

Service Toolkit) 

Blackboard 

Building blocks 

or JWS (Java web 

Service). 

 JWS 

implemented in 

Apache Axis 

License Open source Open source Commercial Open source 

Authentication CAS,External 

DB, First class, 

LDAP, IMAP, 

NNTP, Moodle 

network, PAM, 

POP3, 

LDAP,  PAM, 

RADIOUS, web 

services 

CAS, LDAP, 

Kerberos, 

RDBMS, 

ActiveDirectory, 

Shibboleth, web 

server delegation 

CAS, LDAP, 

Shibboleth, 

Kerberos, web 

services 



 

 

35 

Sandra Aguirre Herrera                                                                State of the art 

RADIUS, 

Shibboleth, web 

services  

Syndication 

feeds 

RSS, ATOM RSS, ATOM RSS, ATOM RSS, ATOM 

 

A survey developed by the Universidad de Oviedo [11], reveals that the main e-learning 

systems are not using a specific e-learning framework. Sakai is one of the few systems that are 

based on two recognized frameworks, IMS Abstract Framework and OKI. 

 

2.3 Workflow Management 

 

Workflows provide a suitable solution to define and manage the coordination of business tasks. 

According to the WfMC [175], a workflow management is a system that completely defines, 

manages and executes “workflows” through the execution of software whose order of execution 

is driven by a computer representation of the workflow logic [63]. 

 

The BPM-SOA is being advocated as the most suitable infrastructural approach to counter the 

challenges imposed by changing business environment, and the need to reduce cost and increase 

efficiency. This combination allows services to be used as reusable components that can be 

orchestrated to support the needs of dynamic business processes [80]. 

 

2.3.1 Workflow Reference Model 

 

The Workflow Management Coalition (WfMC) [175] has defined a reference model for 

workflow management systems. The Workflow Reference Model [63], depicted in Figure 11, 

describes at a high level the main components of a workflow management system and the 

interfaces between them. 

 

A brief description of each component is described below: 

 

 Process Definition Tools refer to editors (graphical or textual) used to compose a 

business process definition. The key requirement in this component is the ability to 
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export the process definition in a standard form which can be executed by the Workflow 

Enactment Service. 

 The Workflow Enactment Service is responsible for running workflow process sent 

from process definition tools. It may consist of one or more workflow engines in order 

to create, manage and execute workflow instances.  

 Administration & Monitoring Tools include user/roles management, and the monitoring 

of process instances. 

 Workflow Client Applications are used to view and manage the contents of a user's 

worklist on the server, and to interact with assigned workitems on the server. 

 Invoked Applications are external applications invoked by the workflow server to 

perform automated activities. 

 

 

Figure 11. The Workflow Reference Model 

 

The interfaces defined between components are: 

 

 Interface 1: If1 defines a common format for the workflow definition interchange 

between the process definition tools and the runtime workflow management. XPDL is 

the XML process definition language proposed for this interface. 

 Interface 2: If2 provides a complete range of interactions between the runtime workflow 

management and workflow client applications. WAPI (Workflow Application 

Programming Interface) used in this interface. 

Workflow Enactment 
Service

Process Definition 
tools

Workflow 
Client 

Applications

Invoked 
Applications

If1

If3If2

Other Workflow 
Enactment 
Service

Administration 
& Monitoring 

Tools

If4If5
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 Interface 3: If3 describe how applications are invoked between the runtime workflow 

management and workflow invoked applications. WAPI is the reference API used in 

this interface. 

 Interface 4: If4 describes the interactions between two Workflow Servers.  

 Interface 5: If5 specifies a set of functions for administrating and monitoring a 

Workflow Server. 

 

The WfMC is a valid model, although it was proposed some years ago, which remains as a rich 

source of inspirations and developments about Business Process Management.  During the last 

years several developments have been made to implement the architectural elements in XML 

and to interface parts using web services [64].  

 

2.3.2 Workflow engines 

 

A workflow engine, responsible for part (or all) of the runtime control environment, can control 

the execution of a set of processes instances with a defined scope determined by the range of 

object types, and their attributes, which it can interpret within a process definition [63].  

 

Reviewing the more recent research work, a huge number of both open source and proprietary 

workflow engines can be found. They differ from one another because they are generally 

oriented toward different application domains and different user requirements.   

 

2.3.2.1 Apache ODE 

 

Apache ODE (Orchestration Director Engine) [14] executes business process written in WS-

BPEL. Thos workflow engine allows orchestration of web services as described by the process 

definition. ODE is written in Java and can be integrated with virtually any communication layer. 

ODE supports the HTTP WSDL binding, allowing invocation of REST-style web services. 

2.3.2.2 OpenWFE 

 

OpenWFE was an open source workflow engine written in Java. It has been rewritten in Ruby 

language and renamed as ruote [129]. Process definitions describe the workflow among 
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participants and they can be written in Ruby DSL, XML and plain trees as JSON through 

YAML. 

2.3.2.3 jBPM 

 

jBPM is a flexible workflow management system [76]. It’s open source and written in Java. The 

core of jBPM is an extensible workflow engine that allows executing business process. It can be 

deployed as a service or embedded into an application. The core jBPM engine supports the 

latest BPMN 2.0 specification and can be extended to support new node types.   

 

2.3.2.4 Oracle BPEL Process Manager 

 

Oracle BPEL Process Manager offers an infrastructure for creating, deploying and managing 

BPEL business processes [114]. This solution comprises a scalable BPEL engine, a BPEL 

modeler, an extensible WSDL binding framework, a console to monitor and a set of built-in 

integration services. The core BPEL engine provides support for executing business process and 

web services orchestration.  

 

2.3.2.5 Enhydra Shark 

 

Enhydra Shark is a Java workflow engine based on WfMC and OMG specifications using 

XPDL without proprietary extensions [46]. It is also knows as Together XPDL and BPMN 

Workflow Server. This solution is made up of an administration client, a command line client 

and a web based worklist. The WfMC Tool Agents API is supported. Enhydra Shark is 

available on SourceForge under the GPL V3 license and is embedded  in many Open Source 

systems already. 

 

2.3.3 Workflow languages 

2.3.3.1 WS-BPEL 

 

Web Services Business Process Execution Language [178] or BPEL is a language to describe 

business process flows with web services. BPEL provides a way to orchestrate services into 
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SOA. WS-BEL can model the behaviour of both executable and abstract business processes, 

which share the same expressive power. An Abstract Process may hide some of operational 

details. All external resources are represented as WSDL services. 

 

2.3.3.2 YAWL 

 

YAWL (Yet Another Workflow Language) is a workflow language with semantics based on 

petri-nets and workflow patterns [170]. This language offers support for the control-flow 

patterns and automated generation of forms, which is useful for rapid prototyping purposes.  

The data perspective is captured through the use of XML Schema, XPath and XQuery. 

 

2.3.3.3 XPDL 

 

XPDL [178] is a format for business process model proposed by WfMC. It is designed to 

exchange business process definition. XPDL is the XML serialization of BPMN, supporting 

every aspect of the BPMN process definition notation including graphical descriptions of the 

diagram.  

 

2.3.3.4 IMS-LD 

 

IMD Learning Design (IMS-LD) supports the use of a wide range of pedagogies in online 

learning [74]. It can be used to specify workflows of learning activities involving multiple users. 

IMS LD considers services in an abstract level. IMS-LD includes features to describe and 

support services within learning scenarios. 

 

2.3.4 Policy languages 

 

Policy is defined in the literature in various ways; a definition is given in [7]: “A policy is a rule 

that defines a choice in behaviour of a system”. Policies can be created during the cycle of a 

service (design, deploy and runtime). A policy is considered triggerable when all its pre-

conditions are satisfied.  
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Adopting policies allows e-learning managers the possibility of changing services’ behaviour 

without altering a flow. The policies commonly used in e-learning environment are: security and 

privacy policies. A security policy defines access control for users. A privacy policy specifies 

the use of personal information and business rules describes the operations and restrictions of 

the services.  Many policy languages have been proposed, each covering one or several areas. 

Each policy language has its own syntax and logic. 

2.3.4.1 APPEL 

 

APPEL (Accent Project Policy Environment Language) is a policy language developed for call 

control domain [126]. However, it has been conceived with a clear separation between the core 

language and its specialization for concrete domains. Therefore, APPEL can be used in other 

domains. An APPEL policy is defined in terms of event-condition-action (ECA) rules,  each of 

which specifies a set of triggers, a set of conditions and a set of actions [57]. 

 

2.3.4.2 Ponder 

 

Ponder [30] is an object-oriented and declarative policy language for specifying authorization 

and obligation policy types. This language includes roles to group policies, relationships to 

define interactions and management structures to define a configuration of roles and 

relationships.  

 

Ponder provides graphical tools for editing policies and supports an extensible range of policy 

types: authorization, obligation, refrain, delegation, constrains and composite policies. Yang et 

al [181] use Ponder policies for privacy and security management in collaborative educational 

systems.  

2.3.4.3 XACML  

 

XACML (Extensible Access Control Markup Language) defines a declarative policy language 

for access control [108] based on XML. XACML is an OASIS standard and supports the 

concepts of authorization, obligation and delegation. A policy in XACML is expressed through 

a set of rules. The Web Services Policy Language (WSPL) is a policy language for accessing 

control based on XML. It is a subset of the XACML. 
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2.3.4.4 WS-Policy  

 

The Web Services Policy (WS-Policy) is a language for configuring web service interactions. It 

allows expressing the capabilities, requirements, and general characteristics of entities in an 

XML Web services-based system [173]. WS-Policy is a W3C recommendation. WS-Policy is 

designed to work with WS framework including WSDL and UDDI. 

2.3.4.5 KAoS  

 

KAoS [167] represents policies using ontology concepts encoded in OWL. KAoS is a semantic 

policy language for authorization and obligation policies. This language distinguishes between 

positive and negative authorizations and positive and negative obligations. KAoS provides a 

graphical tool for editing policies.  

2.3.4.6 Rei 

 

Rei is a logic-based policy language encoded in the form of OWL-Lite based on actions [124]. 

Policy rules are encoded as Prolog predicates. The language allows expressing the concepts of 

rights, prohibitions, dispensations and obligations [165]. Rei allows policies to be split into 

actions, policy objects and contrains. 

 

2.3.5 Section summary and conclusions  

 

The Workflow Management Coalition (WfMC) has defined a reference model for workflow 

management systems. The WfMC is a valid model, although it was proposed some years ago, it 

remains a rich source of inspiration and development in Business Process Management.   

The following initiatives are boosting the definition of a common general-purpose policy 

language:  

 

 The Policy Core Information Model (PCIM) [98] defined by the Internet Engineering 

Task Force (IETF) and the Distributed Management Task Force (DMTF). PCIM is a 

generic object-oriented information model for representing policy information. 

However, this model does not support policy combination. 
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 Common Information Model Simplified Policy Language (CIM-SPL) [89] proposed by 

the DMFT provide a means for specifying if-condition-then-action policy rules to 

manage computing resources. 

 

Table 7 presents a comparison of five representative workflow engines. The BPEL is widely 

recognized as the facto standard for SOA-based business process. 

 

Table 7. A comparison of workflow engines 

Workflow engine Developer Workflow language License 

Apache ODE Apache Software 

Foundation 

WS-BPEL Apache license 

OpenWFE (Ruote) John Mettraux, 

Torsten 

Schoenebaum, 

Kenneth Kalmer  

XML 

Ruby DSL 

YAML 

 

MIT open 

source license 

jBPM jBoss jPDL Apache license  

Oracle’s BPEL 

Process Manager 

Oracle 

Corporation 

WS-BPEL Proprietary 

Enhydra Shark Together XPDL GPL 

 

 

Policy is defined in the literature in various ways; a definition is given in [7]: “A policy is a rule 

that defines a choice in behaviour of a system”. Policies can be created during the cycle of a 

service (design, deploy and runtime). Adopting policies allows e-learning managers the 

possibility of changing services’ behaviour without altering a flow. The policies commonly used 

in e-learning environment are: security and privacy policies.  

 

Many policy languages have been proposed, each covering one or more areas. Security policies 

for access control are probably the most policy type known. Table 8 presents a comparison of 

the most common policy languages. 

 

Table 8. A comparison of policy languages 

Policy language Policy type Policy representation 

APPEL Call control XML 
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Ponder Authorization, obligation, refrain, 

delegation and constrains 

XML or Java Code 

XACML Authorization, obligation and delegation XML 

WS-Policy Web service requirements and capabilities XML 

KAoS Authorization and obligations DAML, OWL 

Rei Rights, prohibitions, dispensations and 

obligations. 

RDF-S, OWL-Lite 

 

2.4 Interoperability for querying learning object repositories 

 

Interoperability is defined by IEEE as “the ability of two or more systems or components to 

exchange information and to use the information that has been exchanged” [68]. 

 

The notion of interoperability can be subdivided as follows [97]: 

 

 Technical interoperability includes ensuring an involvement in the continued 

development of communication, transport, storage and representation. 

 Semantic interoperability refers to the development and distributed use of thesauri in 

order to avoid the use of different terms to describe similar concepts or even use 

identical terms to mean very different things. 

 Political/Human interoperability refers to the implications of making resources more 

widely available has for the organisations concerned, their staff and the end users. 

Process change, and extensive staff and user training are rarely considered when 

deciding whether or not to release a given resource, but are crucial to ensuring the 

effective long-term use of any service. 

 Inter-community interoperability is related to the ability of differing communities to 

interoperate. Agreements among them are often required. 

 Legal interoperability refers to ensuring alignment with legal implications. It includes 

the Intellectual Property Rights (IPR), data protection, etc. 

 International interoperability includes issues related to the language, culture, usage 

practices, expectations, and requirements varying from country to country. 
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This dissertation focuses mainly on technical, semantic and international interoperability. 

However, the other levels are involved in our approaches. 

 

A learning object is defined as any entity, digital or non-digital, which can be used, re-used or 

referenced during technology supported learning [69]. Learning object repositories are defined 

as a collection of educational material such as courses, online tutorials, lecture recordings, 

quizzes, etc. Examples of learning object repositories are Learning Managing Systems (LMS), 

brokerage platforms and collaborative tools.  

 

In this context, we can define interoperability of learning object repositories as the ability of two 

or more learning repositories to exchange educational resources and to use this information. 

Learning object repositories lacking interoperability create three major drawbacks for its users 

[169]: 

 

 The number of learning objects accessible is limited to those held in the local 

repository. 

 The way users can search for learning objects is restricted by proprietary semantics or 

by document-centred interfaces offered by today’s search engines. 

 Context information on the learning object is limited to the local environment hereby 

reducing the possibilities for deploying effective recommendation mechanisms. 

 

Interoperability of learning object repositories can offer the following benefits [3]: 

 

 To increase of the quality and quantity of learning resources available. 

 To facilitate the Return of Investment in technology and development of educational 

resources, since an educational resource will be able to be exchanged or used without 

the need to realize costly modifications. 

 To guarantee that users with different hardware and software platforms can access 

educational resources of heterogeneous sources, with minimal losses of both content 

and functionality.  

 

Beyond the individual level, institutions are increasingly demanding interoperability in the 

educational domain in order to realize scenarios, such as [169]: 

 

 Exchanging learner performance records between applications 
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 Integrating course descriptions from heterogeneous providers or sharing them among 

multiple applications (e.g., learning management systems and performance measuring 

tools) 

 Delivering learning using a multi-application learning environment (content 

management systems and video conferencing tools) 

 Comparing course evaluation data between different sites using different evaluation 

tools. 

 

In order to achieve interoperability of e-learning repositories for searching learning objects, the 

following issues need to be defined: 

 

 Specification of a common metadata schema used to describe a learning object.  

 Specification of a common communication interface.  

 Specification of a common query language. 

 

2.4.1 Metadata schemas for learning object descriptions 

 

In order to ensure the correct interpretation of a learning object a common metadata model is 

required. The learning object metadata standards will focus on the minimal set of attributes 

needed to allow these learning objects to be managed, located, and evaluated [69]. Metadata 

standards allow annotating content of an object in a structured way. A high number of standards 

and specifications exist in the e-learning domain, this section presents the relevant metadata 

schemas used to describe learning objects. 

 

2.4.1.1 LOM 

 

Learning Object Metadata (LOM) is a standard to describe educational resources [70]. LOM is 

organised into nice element categories. Each category contains elements which may be simple 

or contains further sub-elements. Table 9 illustrated the category and elements specified in 

LOM. Sub-elements are not included in this table. 
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Table 9. LOM schema – categories and elements 

Category Elements 

General Identifier, title, language, description, keyword, coverage, 

structure, aggregation level 

Lifecycle Version, status, contribute 

Metametadata Identifier, contribute, metadata schema, language 

Technical Format, size, location, requirement, installation remarks, other 

platform requirements, duration 

Educational Interactivity type,  learning resources types, interactivity level, 

semantic density, intended end user role, context, typical age 

range, difficulty, typical learning time, description, language 

Rights Cost, Copyright and other restrictions, description 

Relation Kind, resource 

Annotation Entity, date, description 

Classification Purpose, taxon path, description, keyword 

 

 

2.4.1.2 Dublin Core 

 

Dublin Core (DC) Metadata is a set of vocabulary of fifteen metadata elements to describe 

resources [35]. These metadata elements are: title, creator, subject, description, publisher, 

contribution, date, type, format, identifier, source, language, relation, coverage and rights.  

 

Currently, the Dublin Core Education Community moved forward in the development of an 

application profile for education [33]. The DC-Education Application Profile is an extension to 

the DC metadata set for the description of educational resources based on LOM. Specifically, it 

includes the following elements: Audience, Standards, Quality, InteractivityLevel, 

InteractivityType and TypicalLearningTime.  

 

2.4.1.3 SCORM 

 

SCORM is a set of technical standards and specifications for web-based e-learning [131]. 

SCORM is a specification of the ADL initiative SCORM is made up of three sections: the 
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content aggregation model, the run-time environment and sequencing and navigation. The 

content aggregation model is made up of the following: 

 

 Content model describes the SCORM components used to build a learning experience 

from learning resources. 

 Metadata describes how the IEEE LOM metadata element can be mapped to SCORM 

Content Model Components described in the Content Aggregation Model. 

 Content Packing provides a standardized way to exchange learning content. 

 SCORM sequencing and presentation describes how to encode specific sequencing in 

XML. 

 

Metadata can be collected in catalogs, as well as directly packaged with the learning resource it 

describes.  

2.4.1.4 EdNA  

 

EdNA metadata standard 1.1 defines a metadata schema based on Dublin Core and elements to 

meet the specific needs of the Australian education and training community [41]. Specifically, it 

includes the following elements: Audience, Approver, CategoryCode, Entered, Indexing, 

Review, Reviewer and Version.  The purpose of this standard was to support interoperability 

across all sectors of training in Australia in the area of online resource discovery and 

management. 

 

2.4.2 Search protocols 

 

The following describes some interesting initiatives to specify a search protocol for querying 

learning repositories. 

 

2.4.2.1 Z39.50 

 

The standard Z39.50, refers to the International Standard, ISO 23950, defines a synchronous 

protocol for searching and retrieving information from remote databases [102]. The Library of 

Congress is the Maintenance Agency and Registration Authority for this standard. Z39.50 
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describes nine operation types: Init, Search, Present, Scan, Delete, Sort, Resource-report, 

Extended-services, and Duplicate Detection. The Search service is defined in terms of a search 

request from the client and a search response from the server. A search request includes a query 

and specifies one or more databases. A successful search results in the creation of a result set. 

Queries can be simple or complex. 

 

2.4.2.2 SRW/SRU 

 

Search Retrieve Web Service (SRW) [145] is a XML-based protocol for information retrieval. 

The query is encoded within a SOAP request body. Search Retrieve via URL (SRU) [144] is 

similar to SRW except that the query is encoded within a URL. SRW/SRU are based on Z39.50 

semantics and were meant to replace it. The library of Congress maintains these search 

protocols. Both standards use Contextual Query Language (CQL) for expressing queries. 

Operations supported are Search, Scan and Explain. 

2.4.2.3 ECL 

 

EduSource Communication Layer (ECL) defines a set of services, services, middleware, and 

communication conventions that enable repositories and tools to communicate with each other 

[58]. The ECL closely implements the IMS DRI specification [73] and uses SOAP as a 

communication layer. IMS core functions are implemented as eduSource services such as: 

expose, gather, gateway gather, search, alert, submit, store, request and deliver. ECL is a 

complex protocol. 

2.4.2.4 OSIDs 

 

Open Knowledge Initiative (OKI) defines a developed a series of interfaces for service 

definitions denominated Open Service Interface Definitions (OSIDs) [42].The interface 

definitions from OKI OSIDs are: agent, asssessment, authentication, authorization, 

courseManagament, finding, grading, hierarchy, id, logging, repository, scheduling, shared, 

SQL, usermessaging and workflow. Each OSID has a tightly defined set of methods and strict 

boundaries. The OSIDs can be expressed in different programming languages. JAVA and PHP 

bindings are available from SourgeForge. 
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2.4.2.5 SQI 

 

The Simple Query Interface (SQI) is an accredited standard for querying learning object 

repositories widely implemented by a large number of repositories [26]. SQI defines a set of 

methods that can be used by a source for configuring and submitting queries to a target system 

and retrieving results from it [139]. This standard is described in the chapter 3.  

2.4.2.6 OpenSearch 

 

OpenSearch is a suite of technologies for publishing of search results in a format suitable for 

syndication and aggregation [113]. OpenSearch was developed by Amazon’s A9 search engine. 

OpenSearch is useful for providing a very low threshold search protocol. It does not try to 

understand the target but simply to enable the target to treat a search term as a keyword [94]. 

The responses are returned as web feeds such as RSS and ATOM. OpenSearch is made up of: 

 

 Description files that describe the availability of a search engine 

 URL templates that describe how to invoke a search 

 Format for providing OpenSearch results 

 Auto-discovery of description documents 

 

2.4.2.7 OASIS Search Web Services 

 

OASIS Search Web Services Technical Committee [107] is developing search and retrieval 

Web Services, combining various approaches under a unifying model, an Abstract Protocol 

Definition. Two approaches featured by this work are SRU/CQL and OpenSearch. The interface 

specification includes the following operations:  

 

 Search/Retrieve 

 Query Sorting 

 Record Retrieval 

 Index Browsing 
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2.4.3 Query language specifications 

2.4.3.1 QEL 

 

The Query Exchange Language (QEL) [105] is an RDF query language developed as part of the 

Edutella project [103]. This language is based on Datalog [91] which allows expressing 

database queries based on predicate logic similar to Prolog. QEL queries can be expressed using 

Datalog or RDF syntax. QEL provides constructions in order to query RDF data such as the 

qel:s predicate that can match RDF triples. For example, the following query would return all 

resources available in a RDF store with the word “education” appearing in the title. In this 

query, the construction qel:like checks whether an RDF literal contains the substring 

“education”. 

 

@prefix qel: <http://www.edutella.org/qel#>. 

@prefix dc: <http://purl.org/dc/elements/1.1/>. 

?- qel:s(Resource,dc:title,Title), qel:like(Title,'education'). 

 

2.4.3.2 SPARQL 

 

SPARQL is a query language for RDF, which is an official W3C Recommendation [143]. The 

results format can be RDF graphs or results sets. SPARQL can be considered as a standardized 

SQL-like query language for the Semantic Web.  This language has the following four query 

forms: 

 

 SELECT, returns the variables and their bindings. 

 CONSTRUCT, returns an RDF graph - a set of triples. 

 ASK, returns a boolean result for a query 

 DESCRIBE, returns an RDF graph containing data about resources. 

 

2.4.3.3 CQL 

 

The Contextual Query Language (CQL) is a formal language for representing queries to 

information retrieval systems [29]. CQL can be encoded as either XML or string. It is based on 
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Z39.50 semantics. A CQL query consists of either a single search clause, or multiple search 

clauses. It uses context sets which allow user to define their own indexes, relations, relations 

modifiers and boolean modifiers. 

2.4.3.4 VSQL 

 

VSQL (Very Simple Query Language) is a lightweight query language for the SQI standard 

[149]. This query allow only to search by a list of keywords and it is metadata standard 

agnostic. VSQL precedes PLQL level 0. An example of VSQL query is as follows: 

<simpleQuery>  

   <term>education</term> 

   <term>course</term>  

</simpleQuery> 

 

2.4.3.5 PLQL 

 

PROLEARN Query Languaje (PLQL) is based on CQL and developed for repositories of 

learning objects [150]. PLQL combines exact search (selecting learning objects by means of 

queries on their metadata) and approximate search (locating learning objects by means of 

keyword-based search). PLQL introduces three levels of expressiveness: 

 

 Level 0 is similar to VSQL, which not refer to a metadata schema  

 Level 1 uses exact clauses and introduces the possibilities to refer to metadata schemas. 

 Level 2 allow searching hierarchically structured metadata.  

 

2.4.3.6 XQuery 

 

XQuery [180] is a query language for querying collections of XML data sources. This language 

is a W3C recommendation and its basic building block is the expression (string). XQuery uses 

XPath expression syntax and FLWOR expressions, which supports interaction of variables to 

intermediate results through the following clauses: for, let, where, order, by and return. XQuery 

is defined in terms of the XQuery data model, which defines the XML information available to 

the query processor. 
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The following table provide examples of projects supporting technical and semantic 

interoperability of learning repositories: 

 

Table 10. Some projects 

Name Description Learning object 

metadata 

Search 

protocol 

Query 

Language 

Education 

Network 

Australia 

(EdNA) [40] 

A network for the 

Australian Education and 

training community 

Dublin Core  

Edna Metadata  

Z39.50 

SRW/SRU 

Google 

search 

XQuery 

European 

Schoolnet 

Learning 

Resource 

Exchange [50] 

A service that enables 

schools to find 

educational content from 

many different countries 

and providers 

LOM 

LRE Cached 

Metadata Record 

SQI 

 

PLQL 

S2QL 

 

OAIster [106] A union catalog of 

millions of records 

representing open access 

resources 

DC SRU CQL 

GLOBE [56] An international 

consortium that provides 

a distributed network of 

learning objects available 

to educators and students 

around the world. 

LOM SQI 

Z39.50 

SRW/SRU 

CQL 

PLQL 

MACE [90] An European initiative is 

aimed at improving 

architectural education, 

by integrating and 

connecting vast amounts 

of content from diverse 

repositories 

LOM SQI PLQL 
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2.4.4 Section summary and conclusions 

 

Interoperability is defined by IEEE as “the ability of two or more systems or components to 

exchange information and to use the information that has been exchanged” [68]. The notion of 

interoperability can be subdivided as: technical, semantic, political/human, inter-community, 

legal and international. 

 

Searching for and finding the right learning resources is a problem in a large number of 

educational repositories. The buildings blocks for interoperability of learning object repositories 

are a common query interface, a common query language and a common metadata schema for 

querying and result presentation. 

 

Regarding the common metadata schema, a huge number of e-learning systems currently use 

their own schemas to describe their learning objects making it difficult to reuse in other 

environments. The normal way of addressing the need for interoperability is to define an 

application profile which can be based on more than one standard or specification related to e-

learning [36]. 

 

Table 11 presents a comparison of some search protocols proposed for querying learning 

repositories. 

Table 11. Comparison of search protocols 

Search 

protocols 

Type of query Bindings Operations Query 

languages 

Z39.50 Synchronous ZOOM [183] 

presents an 

abstract API for 

any kind of 

Z39.50 client.  

Init, Search, Present, 

Scan, Delete, Sort, 

Resource-report, 

Extended-services, and 

Duplicate Detection 

Z39.50  

(Esperanto-

like 

language) 

SRW/ 

SRU 

Synchronous SOAP, REST Search, Scan and 

Explain 

CQL 

ECL Synchronous SOAP Querying (Search / 

Expose), Publishing 

(Gather / Expose), 

Acquiring (Request / 

XQuery 

Multiple 

with internal 

common 
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Deliver), Harvesting 

(Gather / Expose), 

Notifying (Alert / 

Expose) 

query 

structure 

OSIDs Synchronous JAVA, PHP Agent, Asssessment, 

Authentication, 

Dictionary, Finding, 

Authorization, 

Workflow, Logging, 

SQL, 

CourseManagament, 

Id, Scheduling, 

Grading, Shared, 

Hierarchy, Repository, 

Usermessaging. 

Multiple 

SQI Synchronous 

Asynchronous 

SOAP, REST, 

JMS, ... 

Search, Authentication Multiple 

languages 

(QEL, 

PLQL, 

VSQL,..) 

OpenSearch Synchronous 

Asynchronous 

REST Search/Retrieve Keywords 

OASIS 

Search Web 

services 

Synchronous 

 

SOAP, REST Search/Retrieve, 

Query 

Sorting, Record 

Retrieval, 

Index Browsing 

CQL 

 

 

Likewise, Table 12 presents a comparison of six representative query languages for querying 

learning object repositories. The choice of a query language depends on the scenario 

requirements and type of source data. In the context of the ELENA project, we have used QEL 

because the ELENA learning management network was based on Edutella, whereas in the 

PROLEARN project, the query language used was VSQL. 
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Table 12. Comparison of query languages 

Query language Designed by Query format Result format 

QEL Edutella Datalog, RDF RDF Result sets 

SPARQL W3C SELECT, 

CONSTRUCT, ASK, 

DESCRIBE 

Result sets or 

RDF graphs 

CQL Z39.50 Maintenance 

Agency 

Single search clause or 

multiple search clauses 

Result sets 

VSQL PROLEARN Keywords Set of URI’s  

PLQL PROLEARN  Keywords, Metadata 

schemas 

Ordered set of 

URI’s of metadata 

instances  

XQuery W3C XPath expression 

FLWOR expression 

XPath expression 
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Chapter 3 

Model for supporting collaborative 

agreements in e-learning systems 
3. MODEL FOR SUPPORTING COLLABORATIVE AGREEMENTS IN E-LEARNING 

SYSTEMS 

This chapter presents a theoretical model for developing joint degree programmes through e-

learning systems as stipulated by a collaboration agreement signed by two or more universities.  

 

In order to identify the main issues to be taken into account in our approach, we have analysed 

several collaboration agreements between universities at the national, European, and 

transatlantic level as well as various e-learning frameworks. The implementation of joint 

degrees through e-learning systems involves technical, semantic, political/human, legal and 

international interoperability. A conceptual model, the key issues and limitations identified, the 

participating roles and a business model are presented as part of the theoretical model. 

 

The conceptual model includes the main phases that are carried out during the specification and 

development of a joint degree and identifies which of them can be automated and implemented 

through e-learning systems. Likewise, the conceptual model presents the main roles involved in 

this scenario and their corresponding responsibilities. A business model is also presented, 

identifying the potential benefits for actors involved in a joint degree, and answering four 

interlinked core questions which are regarded as central to the development of a business model. 

   

3.1 Conceptual Model 

 

In order to evaluate whether an e-learning system can be used as a means to develop joint 

degrees, we first have defined a conceptual model. Based on different case studies [16] [32], we 

identified the main phases that are carried out during the specification and development of a 

joint degree. Figure 12 illustrates these phases ranging from the recognition of the benefits of 
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joint degrees to the examination of the degrees. The first five phases are related to the 

specification of objectives, resources, staff and terms of the agreement as well as the 

establishing of collaboration agreement among institutions. These phases require meetings of 

the curricula committees to specify the terms of the agreement.  Once the agreement is signed, a 

coordinator of each participating institution will be responsible for the execution of the 

agreement.  

 

 

Figure 12. Main phases in the development of a joint degree 

 

The following three phases related to the development of the programme as stipulated by a 

collaboration agreement can be automated and implemented through e-learning systems. 

 

Figure 13 presents the conceptual model according to which universities can participate in the 

creation of new academic degrees using their e-learning systems. Two or more universities may 

participate in the development of joint curriculum by means of their e-learning Systems. Partner 

universities should establish collaboration agreements to develop a joint degree. First, they need 

to work on the terms of agreement and find solutions to every difference of opinions for the 

success of the joint degree programme. Once the partners have identified, defined, and 

negotiated all of the terms, the signing of the collaboration agreement will be the culmination of 

the specification process. If the agreement is signed, the next step will be to translate it into a 

technical language to manage the e-learning systems in accordance with the terms specified 

[10]. 

1. Awareness of the 
benefits for 
students, staff and 
institution.

5. Establishing of 
collaboration 
agreements among 
institutions

2. Identifying purpose, 
objectives, resources 
and staff.

4. Planning strategies 
and defining terms of 
the agreement.

6. Implementing terms 
of the agreement in 
the programme

7. Developing 
joint/double degrees

3. Evaluating ideas and 
constrains.

8. Examining 
joint/double degrees

Joint 
Degree



 

59 

Sandra Aguirre Herrera       Model for supporting collaborative agreements in E-learning 

 

Students enrolled in a joint degree can access it through any participating e-learning system. 

Universities must ensure both the access to their e-learning system and the availability of all 

services and content needed to complete the joint degree. The main obstacles, benefits, and 

challenges to overcome in the context of e-learning systems and joint degrees have been 

identified [7].  In relation to the collaborative agreements issues identified in the state of the art 

section, the implementation of the conceptual model means that many of these issues can be 

considered as limitations because they can block the process. These key issues are presented in 

the next section. 

 

3.2 Key issues and limitations 

 

Taking into consideration the issues stipulated in a collaboration agreement (Table 5), we have 

analyzed which of them can be managed through e-learning systems and which can be 

considered as limitations. 

 

Figure 13. The conceptual model 

Joint 
Degree Students

university B
Students

university A

Collaboration agreement
signing

Institution A Institution B

Services Services

E-learning system A E-learning system B

Courses
User data

Courses
User data

Identifying, defining and negotiating 
all terms of the collaboration 

agreement
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3.2.1 Academic level 

 

Joint degrees are based on a curriculum developed jointly by the participating partners. The 

specification of the curricula will determine the courses that each partner will have to offer and 

support in their e-learning systems. Each partner must ensure both the access to their e-learning 

system and the availability of all courses and functionalities needed to develop the joint degree. 

Both the admission criteria for entering the programme and the assessment methods have to be 

jointly specified by both participating institutions.  

 

The globalisation of higher education generates a number of crucial challenges, which require 

the intervention of an international regulatory framework for quality assurance and 

accreditation. The joint degree consortium should ensure that participating institutions are 

officially accredited in their home country. Likewise, their programmes should be accredited by 

a national accreditation agency. Some agencies for quality assurance include the National 

Qualifications Authority of Ireland [158], the National Agency for Quality Assessment and 

Accreditation of Spain [157], the European Association for Quality Assurance in Higher 

Education [155], the Netherlands Accreditation Organisation [159] and the Qualifications and 

Curriculum Development Agency in United Kingdom [161]. 

 

A major limitation in this context is the different teaching styles that each partner can follow. 

Banks [16] presented a case of study on the experience of developing intercultural e-learning in 

a UK-Chinese context. The e-learning teams from both China and the UK, shared understanding 

of pedagogies incorporated into the learning design of a online course. The UK’s pedagogical 

model to e-learning follows a social-constructivist view of learning through groups and 

communities whereas the Chinese approach to e-learning has been influenced by instructional 

system design that supports learning as the acquisition of propositional knowledge. The 

intercultural collaboration focused on sharing the two approaches to e-learning in the design of 

the online course. 

 

Academic staff in some countries must learn to work as part of pedagogical teams, which 

represents a challenge to those cultures where teachers are individually responsible for what 

they teach without any coordination required at the programme level. The high average age of 

the teaching staff can also be an obstacle to adopting the new methods and ideas. Younger staff 

members may be generally more willing to adopt the new methods and ideas [146]. 
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Collaboration between universities to develop joint degrees programmes is challenge that forces 

educational institutions to revise their pedagogical strategies. The mENU project [96] proposed 

a Model for a European Networked University with joint degrees applying pedagogical 

approaches such as instructional, constructivism and socio constructivis [14].  An evaluation of 

the Cisco Networking programme across Europe, the Middle East and Africa, revealed the 

differences in pedagogy in various ways: how students were treated (autonomy, prior reading, 

older and younger students), how instructors perceived their role (as a leader, a guide, a 

supporter) and how instructors perceived students (homogenous, different needs and learning 

styles, constructivist, behaviourist) [133].  

 

3.2.2 Administrative level 

 

The administrative support in the development of a joint degree through e-learning systems 

plays a crucial role. From our point of view, e-learning systems could offer support to the 

following issues: user registration, generation of administrative reports, and the control of 

service availability according to the duration of the agreement.  

 

Manual process is required to define the enrolment rules, credit transfer recognition, programme 

dissemination activities (e.g., brochures, home page), recruitment strategies, generation of 

academic certificates, staffing, and awarding of degrees.  

 

Coordinators, academics managers, e-learning managers and teachers involve in the 

development of a joint degree have to set up tools to maintain effective communication 

throughout the duration of the degree. These include forums, videoconferencing, progress 

reports, emails, etc.  

 

3.2.3 Context level 

 

At this level we have grouped the issues that we identified as more dependent on the scope 

(national or international) in which a joint degree is developed.  E-learning process is sensitive 

to cultural, social and context factors. 
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Academic calendars can differ from country to country. When the time difference is large, the 

scheduling of courses and virtual meetings are a challenge. Lack of harmonization of academic 

calendars is a limitation although the e-learning systems can help to manage it.  

 

The management of different credit formats and its allocation has to be specified. A table of 

equivalence of the different types of credit must be defined. This table can be managed in e-

learning systems. Along with the latest Trends report [146] most of the institutions in Europe 

have reported the use of ECTS for credit accumulation, and only England, Wales and Northern 

Ireland and Lithuania are using a different credit transfer system. However, a single system 

compatible with ECTS has recently been adopted in England, Wales and Northern Ireland (UK -

EWNI) although its application is voluntary.  

 

Institutional resistance to change is an important limitation at a context level. Therefore, 

academic institutions have to promote international cooperation and intercultural experience 

through bilateral contacts, consortia, and treaties. Consortia serve as platform for bilateral 

agreements between their members. 

 

Additional difficulties are associated with language and cultural barriers. Online instructors 

should be sensitive to cultural issues, become aware of the variations in students‟ learning 

strategies, and avoid adopting the “one size fits all” approach [166]. Culture incorporates race, 

ethnicity, religion, class, gender, values, traditions, language, lifestyles, and nationality as well 

as workplace and academic cultures [60]. Students with different cultural backgrounds may 

understand the same e-learning website in different ways [101]. Cultural aspects and website 

design have an intrinsic relationship. Navigation, page orientation, menus, language, colors, 

information organization, and images have been identified as elements with distinctive cultural 

attributes [25].  

 

Edmundson [39] designed the cultural adaptation process (CAP) model as a guide for evaluating 

existing e-learning courses and for matching them to the cultural profiles of targeted learners. 

The CAP model proposes a matrix for categorizing course complexity based on the type of 

content, types of media and instructional methods used. Henderson’s multiple cultures model 

(MCM) [60] provides the strategies for creating and adapting e-learning resources. MCM 

enables instructors to offer the culturally-specific knowledge to learners.  
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Internationalisation and localisation is being implemented in e-learning systems to adapt 

different languages, regional, and culture differences. The lack of cultural adaptation is a 

leading reason why e-learning can fail to work for a globalized context. 

 

English is dominant as the foreign language of most interest to students. According to the 

OECD report [109], an increasing number of institutions in non-English-speaking countries are 

offering courses in English to overcome their linguistic disadvantage in terms of attracting 

foreign students. In the development of a join degree between the University of Kansas (KU) 

and the Korean University of Technology and Education (KUT), KU students have found that 

even though KUT courses are taught in English, the question/answer sessions may be in Korean, 

thus leaving the non-Korean speaking student without valuable information [32]. Therefore the 

choice of a common language is important for the success of this scenario. 

 

At the political level, initiatives for promoting regional integration in higher education are being 

carried out, for instance, the Bologna Process in Europe is an attempt to create a European 

Higher Education Area (EHEA), the Association of Arab Universities (AARU) enhances 

cooperation between members of the association, the Association of African Universities 

(AAU) proposes the creation of the “African Higher Education Area” (AHEA) and the 

UNESCO International Institute for Higher Education in Latin America and the Caribbean 

(IESALC) is in Latin America. 

 

3.2.4 Security level 

 

Since the scenario of joint degrees involves the exchange of personal data and students between 

partner universities, the data protection must be clearly defined. Copyright management may 

require a shared consensus of all the members of consortium. Issues related to intellectual 

property right must be adequately clarified. 

 

E-learning systems must provide a secure access control and a reliable security policy 

management. In order to avoid sharing personal data it is safer for each member of a joint 

degree to carry out the registration process in each e-learning system of the participating 

partners. A reliable system of backup must be available. 
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3.2.5 Financial level 

 

The economic crisis is having a marked impact on the internationalisation process as a result of 

the extra financial cost to students for mobility. E-learning can help to reduce these expenses, 

enhance the diversity of programmes and extend into new markets.  

 

In order to develop the service layer in each e-learning system for supporting joint degrees, the 

funding for the development phase must be properly considered. The number of students 

admitted by each university has to be specified.  

 

 

Figure 14. Tuition and fee structure [85] 

 

Tuition fees and health insurance provisions may vary institution by institutions. Students could 

pay for its credits in the corresponding institution in order to avoid exchange of funds between 

institutions. The survey report “Joint and Double Degree Programmes in the Transatlantic 

Context” [85], found that the majority of both European and American respondents indicate that 

students paid all fees for the entire programme to the home institutions (Figure 14). However, 

fees structures may vary for each programme depending on the collaboration agreement 

between partner institutions.    
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3.2.6 Legal level 

 

One of the main difficulties of developing joint degrees is related to legal recognition of the 

degrees. A joint degree should be recognized outside of the consortium and in a wider 

international context. In some countries, universities are not allowed to award a degree unless 

the students spend their last academic year at this university.  

 

A joint degree should be recognized outside of the consortium and in a wider international 

context. Non-recognition and limitations on the numbers of courses or credits taken at a partner 

university raise additional barriers [84]. Double degrees can be an alternative solution in those 

countries where legal restrictions prevent the recognition of a joint degree. 

 

Although the ministers of Education in some countries are promoting the creation of joint 

degrees, there is no change of legislation leading their recognition. Only a few countries allow a 

domestic university legally to confer a joint qualification in partnership with a foreign 

institution [84]. 

 

Nowadays, there are consortia promoting regional cooperation and facilitating the mutual 

recognition of study achievements. A consortium like EUCOR (the European Confederation of 

Upper Rhine Universities) [46] aims to promote cooperation in education and research among 

some universities in Germany, France, and Switzerland.  

 

An interesting legal guide for the UK universities on collaboration with overseas partnerships 

has been published by Eversheds [51]. This guide includes specific case studies detailing legal 

and higher education jurisdiction of some partnerships such as Australia, China, Hong Kong, 

India, Malaysia, UAE, Qatar, and USA.  

 

3.2.7 Technical level 

 

Heterogeneity of e-learning systems is a limitation in the development of joint degree 

programmes. The implementation of a common services layer is the proposed solution for this 

scenario. The use of standards has to be promoted in order to facilitate interoperability of 

learning objects.  
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The use of a notification system for e-learning will allow all members to deliver and receive 

messages. The adaptation of an effective evaluation system is important to obtain feedback on 

performance, usability from their students, teaching staff, administrative (all roles) that can be 

used for future improvements. 

 

Internationalisation and localisation alongside cultural considerations should be implemented in 

each e-learning system to support the development of international degrees.  

 

E-learning managers are responsible for the availability, security, monitoring and management 

of the services needed to develop a joint degree.  Stability, speed, level of access and security in 

telecommunications infrastructures have an enormous impact on effective e-learning. Hence, the 

guarantee of a stable infrastructure should be an essential condition for each partner. 

 

3.3 Identifying roles 

 

Table 13 presents the main roles stipulated in a collaboration agreement and the corresponding 

responsibilities.  A clear division of tasks and responsibilities will help involved universities to 

function effectively. 

 

The flow of information within each participating partner needs to be facilitated in order to 

avoid problems at stages of development. The coordinators of the host universities play a crucial 

role in maintaining effective communication among the actors involved throughout the 

development of joint degrees. Furthermore, they will have the responsibility concerning all 

major internal decisions to be undertaken with the respect to the joint degree programme. 

 

Table 13. Description of roles 

Role Responsibilities 

Coordinator Provide general information about the degree 

Ensure that the terms of the agreement are carried out 

Facilitate communication between roles 

Keep university management informed about the progress of 

the project 

Provide a report on final results 
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Academic manager Manage the registration and enrolment process 

Ensure that students have the appropriate background 

Guide students 

Supervision of students 

Determine the academic content 

E-learning manager Provide technical support 

Make necessary technical adaptations  

Teacher Prepare course materials 

Develop the course  

Manage online courses  

Respond to students’ queries 

Evaluate students’ work 

Follow up on student feedback 

Student Use tools and resources 

Participate actively 

Interact with other students and teachers 

Present assessments  

Provide feedback  

 

Figure 15 shows a set of responsibilities common to multiple user roles in the development of a 

joint degree through e-learning systems. The curriculum for a joint degree has to be designed 

jointly by the coordinators and the academics managers of each partner university. In the same 

way, these users will ensure that the collaboration agreement terms are suitable implemented in 

the programme. 

 

Once a collaboration agreement has been signed by the legal representative of each university, 

the next step will be to translate it into a technical language to manage the e-learning systems in 

accordance with the terms specified. This translation process will be based on policies and 

carried out by the coordinators, the academic managers and the e-learning managers. 

 

Academic and e-learning managers will specify the name of educational activities needed to 

develop a joint degree as well as their order of execution in the workflow. This process will be 

based on the proposed joint curriculum and identified policies. The coordinators are enabled to 

manage the workflow.  
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E-learning managers are responsible for managing users and roles at each e-learning system 

involved. E-learning managers must ensure that each student enrolled in a joint degree can 

access to the joint curriculum. 

 

Teachers and academic-managers of each participating university will guide students through 

each step of the joint degree development.  

 

 

Figure 15. A set of responsibilities common to multiple user roles. 

 

3.4 Business model 

 

A business model can be defined as “an architecture for the product, service, and information 

flows, including a description of the various business actors and their roles; and a description of 
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the potential benefits for the various business actors; and a description of the sources of 

revenues” [151]. Based on this definition and our educational scenario, we specify the potential 

benefits for the main actors (or stakeholders) in a joint or double degree programme, which are 

detailed in Table 14. The Return on Investment (ROI) can be calculated by comparing the 

development cost of the new services for e-learning with its benefits. 

 

Table 14. Potential benefits for actors involved in a joint degree 

Actor Benefits 

University 

 

Consolidate partnerships 

Offer new opportunities 

Improve and diversify knowledge 

Gain prestige and reputation 

Provide additional uses for educational content 

Improve inter-university cooperation 

Innovation of curriculum 

Sustainability 

Internationalize the curriculum 

Enhance the diversity of programmes 

Facilitate the international visibility of the university 

Enhance competitiveness in the educational market 

Save time, money, and space  

Enrich e-learning platforms 

Reach new students 

Strengthen academic research collaborations, and alliances 

Promote collaboration and exchange 

Increase usage of networks and services 

Increase ROI 

Expand into new markets 

Diversify its faculty and staff 

Academic 

staff 

Enhance intercultural experience 

Enhance competitiveness  

Provide opportunities for innovation in the teaching and learning 

process 

Establish new courses with an international focus 

Promote cooperation and exchange of ideas between teaching staff 



 

70 

Sandra Aguirre Herrera       Model for supporting collaborative agreements in E-learning 

Students Improve opportunities and skills for employment 

Access wide ranges of online resources 

Stimulate the international employability of students 

Provide intercultural experience 

Enhance competitiveness in the labour market 

Provide broader experiences 

Provide opportunities to interact with international students 

Improve foreign language skills 

Provide flexibility, with 24/7 access to learning resources 

 

The development of joint degrees using e-learning systems allows universities to create new 

business opportunities. In this context, educational business processes are defined as a series of 

implemented services.  

 

Many institutions now view their curriculum and courses as capital. Some engage in for-profit, 

curriculum-based ventures, and others enter into strategic alliances “capitalizing on the 

curriculum” [38].  

 

Based on this reasoning, we ask, why not capitalise on the electronic curriculum? If a university 

offers courses online, it can add value to its investment by being part of collaboration 

agreements to develop joint degrees. According to Eckel [38], the curriculum may be 

conceptually considered as capital because it fits the profile of capital as developed by Adler 

and Kwon [1]: 

 

 It is a long-lived asset into which other resources can be invested, with the expectation 

of a future flow of benefits; 

 It is “appropriable” in the sense that it can be used for other purposes and “convertible” 

in that it can be converted to other kinds of capital, such as liquid, human, cultural and 

social; 

 It can either be substituted for or complement other resources; 

 Similar to physical capital and human capital, it needs maintenance; and 

 It depreciates. 

 

E-learning effects networking between universities in a global market. Traditional universities 

have the option of cooperating with other universities in developing course material and e-
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learning products. The benefits of this approach are sharing costs, reaching a critical mass of 

students for a specialized study programme and gaining a competitive advantage in a highly 

competitive market. This approach leads to the business model "University Networks" [134]. 

 

A fundamental question in the scenario of joint degrees through e-learning systems is how e-

learning services can be economically viable and sustainable. Figure 16 illustrates the four 

interlinked core questions which are regarded as central to the development of a business model 

[48]. 

 

 

Figure 16. Frame of reference for the development of a business model [48] 

 

The first question is related to which products and services are provided for which customers. In 

our context, products are the set of services implemented to support the development of joint 

degrees. Therefore, the services have to allow users to access all courses stipulated in a joint 

curriculum.   

 

The second question is about the concept of value generation chain. One must ask which 

processes need to be accomplished for the provision of services concerned? How can a service 

portfolio be designed and implemented efficiently? The first step is to design and implement a 

service layer to access courses stipulated in a join curriculum from a central catalogue. Services 

should be easily configurable and scalable in order to allow universities to offer a portfolio of 

context-aware adaptable services. Customization of services should also possible in order to 

allow people from different cultures to configure courses according to their preferences. 
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The third question is related to the market positioning. Which cooperation possibilities can be 

identified? Joint degrees are being developed worldwide. Cooperation possibilities with national 

or international universities are assessed as potentially high. Internationalisation and localisation 

of services implemented should be taking into account in the implementation process.  

 

The last question focuses on funding and revenues. How is the cost of implementing services? 

This cost can vary depending of the platform and the requirements. However, the 

implementation process is not complicated. The sources of revenues needed to participate in a 

joint degree are generated by e-learning course fees and reductions in commuting costs for 

teaching staff. We can identify four kinds of partner: paired domestic, European, transatlantic, 

and corporate partners. 

 

A huge potential exists for combining these sources of revenue with economies of scale and the 

low provision costs that can be realised by offering e-learning services. The reusability of e-

learning systems, or at least single system components, is an important aspect in implementing 

cost reductions. The number of potential users of e-learning systems increases by reusing 

system components [63]. 

 

We propose to implement a service-oriented architecture that allows the easy adaptation of 

modules if business processes change over time. In this context, e-learning providers can model 

their business by selecting services as well as designing the services to be produced and their 

appropriate functionality. The following chapter presents the architecture proposed. 

 

3.5 Conclusions  

 

A conceptual model for developing joint degree programmes through e-learning systems as 

stipulated by collaboration agreements is presented.  

 

Taking into consideration the issues stipulated in a collaboration agreement, we have analyzed 

which of them can be managed through e-learning systems and which can be considered as 

limitations. The main keys issues and limitations are presented at different levels such as 

academic, administrative, context, security, financial, legal and technical. From our point of 

view, legal issues and organizational processes are the main barriers to this scenario becoming a 

reality. 
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The roles involved in this scenario have been identified and their corresponding responsibilities 

described.  A business model is presented, identifying the potential benefits for the actors 

involved in a joint degree and answering four interlinked core questions which are regarded as 

central to the development of a business model. 
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Chapter 4 

Reference architecture 
4. REFERENCE ARCHITECTURE 

The previous chapter detailed a theoretical model for supporting a collaborative agreement in e-

learning systems. The objective of this section is to propose a reference architecture for 

implementing inter-institutional degree collaborations through e-learning systems, once an 

agreement has been signed. The architecture is based on policies, workflow and services. The 

main components of the architecture are described. The next chapter will describe in detail the 

workflow management of e-learning services. 

 

4.1 Architecture description 

 

Currently, the use of e-learning as support tool in educational programmes is a growing trend. A 

wide diversity of e-learning platforms has been developed. However, these platforms are 

generally developed independently by different organizations, and different technologies are 

used in them. As a result, the implementation of joint degrees by means of e-learning systems 

requires the solution of several technical difficulties generated by the heterogeneity of systems. 

 

Analyzing existing e-learning systems, the following challenges would be taken into account: 

 

 Allowing the joint creation of curricula based on collaboration agreements between 

universities which would define access policies and use of services that will form part 

of the degree. 

 Allowing the interoperability of e-learning, in other words, that information by both 

systems can be understood and interpreted correctly. shared 

 Allowing the autonomy of E-LS in the development of the learning content, in other 

words, allowing each system to use its own data models. 

 Allowing the shared management of users in heterogeneous systems.  
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 Allowing the single registering of students. Their identities must be shared with the 

other systems. 

 Providing access control and security. 

 Managing educational credits. 

 

In the area of distributed services, the services are a cluster of functions that allow functionality 

of an application to be shown through interfaces that can be reached through the network. The 

services can be combined, with the objective of constructing and offering new possibilities. 

Therefore, the use of services in the e-learning systems will allow the creation of a series of new 

helpful functionalities between them.  

 

The services defined in existing e-learning frameworks are very useful in supporting typical e-

learning applications. However, the development of a joint degree through these frameworks is 

not possible because of the lack of services to manage the joint curricula. Based on the existing 

e-learning frameworks and considering the aforementioned requirements, we propose the design 

of a service-based architecture that enables the collaboration between heterogeneous e-learning 

systems. This architecture is made up of an identity provider, service providers (e-learning 

systems), a policy editor, a policy manager, a workflow engine, and a service manager. A 

collaboration agreement can be modelled by policies and workflows and then carried out by 

services located in the participating universities [7]. The overall architecture is illustrated in 

Figure 17.  

 

In this context, a joint degree can be defined as an academic programme made up of a cluster of 

services that are offered by universities through their e-learning systems. These services offer 

support to academic and administrative processes, all of which are included in the academic 

programme. The services are combined and federated in accordance with the agreement 

established by the universities involved [6].  

 

The main difference between the existing e-learning frameworks and our approach is the 

inclusion of new services for supporting joint collaboration. Although the services that allow 

access to the courses will be available on different systems, they constitute a unique study plan. 

 

The curriculum of a joint degree, designed by the universities involved, will include the courses 

in the academic programme as well as the assessment and practice processes. Each element of a 
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joint degree is identified as a service. Therefore, the curriculum will be made up of a service 

brochure located in different systems. 

 

 

Figure 17. Proposed architecture 

 

In the following paragraphs, the components of the architecture are described. Next chapter will 

describe in detail the workflow management of e-learning services. 

 

4.2 Collaboration agreement specification 

 

Once the partners have identified, defined, and negotiated all of the terms, the signing of the 

collaboration agreement will be the culmination of the specification process. The next step will 

Service
Providers

Rules Tasks

Policy
Editor

Identity
Provider

E-LS
Courses
User data

Services Services

E-LS
Courses
User data

Collaboration
Agreement
SpecificationUniversity A University B

Service
Manager

Service
registry

Workflow
Engine

Context
Policy

repository

Service
Manager

Policy
Manager

Joint degree 
portal



 

 

78 

Sandra Aguirre Herrera                                                                   Reference architecture  

be to translate it into a technical language to manage the e-learning systems in accordance with 

the terms specified. 

 

As it has been mentioned in the state of the art, a collaboration agreement can be divided into 

six categories: academic, administrative, context, security, financial, and legal. Some issues that 

belong in the first four categories can be managed through e-learning systems. According to 

Table 5, the issues that can be managed and implemented through the e-learning systems are 

shown in Table 15: 

 

Table 15. Collaboration agreement issues that can be implemented 

Academic Administrative Context Security 

Joint 

curriculum  

Duration of the 

agreement 

Academic 

calendars 

Access 

control and 

security 

policies 

Assessment  Language of 

instruction 

 

Quality 

assurance 

 Credit format  

 

Collaboration agreements should be translated into a technical language, which will specify the 

requirements, preferences and constrains that have to be taken into account in the composition 

and execution of the services needed to develop a joint degree. An issue or term of a 

collaboration agreement can require the execution of one or more tasks under specific 

conditions or rules.  

 

Policies have been selected as the mechanism to specify the expect behaviour of services 

according to the terms of collaboration agreements into a technical language. Using a policy-

based approach, any amendment to a collaboration agreement between universities can be carry 

out by e-learning managers who can update their policies dynamically without having to change 

the implementation of services.  

 

In order to map directly these terms inside policies, user-friendly editors should be created to 

allow users to specify their policies. 
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4.3 Policy Editor 

 

A policy editor tool should be used by e-learning managers to specify their policies and then 

automatically transformed to the corresponding policy language. The policy editor tool is 

responsible for transforming the user input to the specified policy format. This tool should allow 

e-learning managers to configure services according to the terms specified in a collaboration 

agreement. Using an editor, users select only valid values during policy specification.  

 

A policy model is proposed to specify policies expressed as condition-action rules targeted to an 

e-learning domain. In these rules, the action specifies what kind of configuration should be 

implemented in one or more services, and the condition describes under which circumstances or 

parameters it will occur. A task is carried out by one or more services. Figure 18 shows the 

policy model proposed. 

 

Figure 18. The policy model 

 

A policy can have zero or more conditions as well as one or more actions. Conditions are 

expressions that describe when the policy can be applied. An action can be executed by one or 

more services when the conditions are satisfied. A service refers an invoked resource in an e-

learning system and the methods are the operations of each service. 

 

Policies associated with a collaboration agreement to develop joint degrees can be grouped into 

three types: 

 

 Academic, which includes policies related to joint curriculum, assessment and quality 

assurance (availability). 

 Security, which includes access control and privacy policies. 

Policy

0...*

1...*

1

1...*1 1 1...*

Action

Expression ParameterCondition

id: int
name: string
type: string

name: string name: string
value: string

type: string

1...*1 1 1...*
Service Method

name: string
input: string
result: string

name: string
type: string

id: intname: string
Type: string



 

 

80 

Sandra Aguirre Herrera                                                                   Reference architecture  

 Context, which includes policies related to duration of the agreement, academic 

calendars, language of instruction and credit format. 

 

Once policies have been defined, they will be sent to the policy manager. 

4.4 Policy Manager 

 

The policy manager is responsible for editing, storing, activating, deactivating, and deleting 

existing policies. Policies allow e-learning managers to modify system behaviour without 

changing source code. The policy manager checks whether a policy is valid and then store it in 

the corresponding repository. 

  

As shown in Figure 19, policies whose type is “academic” or “security” will be stored in the 

policy repository. Otherwise, context type policies will be stored in the context repository.  

 

 

Figure 19. The policy manager 

 

The policy repository is used to configure services. E-learning managers will use the policies of 

context to initialize variables that are global for all services. Global variables are duration, 

academic calendars, language and credit format.  Once the policies have been managed, they are 

sent to the workflow engine. Policies can be updated dynamically to adapt the workflow to the 

changing needs of the managers.  

4.5 Workflow engine 

 

The workflow engine is responsible for managing the federation and orchestration the services 

according to the policies. The workflow engine will enable and execute services in accordance 
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with the information specified by the policy manager. Once a user has been authenticated, the 

workflow engine determines what resources a user is allowed access. Workflow process can be 

modelled using flow charts.  

 

Academic and e-learning managers will specify the name of educational activities needed to 

develop a joint degree as well as their order of execution in the workflow. This process will be 

based on the proposed joint curriculum and identified policies. 

 

4.6 Service Manager 

 

The service information will be provided by the service manager. The service manager is 

responsible for identifying services that can be required in this scenario according to the 

workflow engine. The identified services are submitted to the workflow engine, which will bind 

the services according to the policies specified in the agreement and the context information. In 

order to support the service federation, all educational services need to be registered in a central 

service registry. 

 

The definitions of services are left to service manager. These services can only occur when 

conditions are satisfied and the workflow enables them.   

 

4.7 Identity provider 

 

The identity provider is responsible for controlling the identity and validity of users. It permits 

the support of Single Sign On in order to allow students to access an enrolled joint degree 

through any participating e-learning system. A workflow will not be executed if a user has not 

registered in the identity server. 

 

4.8 Service providers 

 

The service providers in our context are the universities or any academic institution interested in 

participating in a joint degree. The service providers are responsible for publishing and offering 
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services that allow access to other e-learning services as well as supporting the complete 

architecture.  

 

Based on the case studies related to joint degrees, the services needed to be implemented in each 

e-learning system are: Learning content services, user services, security services, search services 

and assessment services.  

 

All the educational features used in the development of an academic degree that are supported 

by e-learning systems need to be available through services. Each service implemented has to be 

published in a service registry. E-learning managers of each e-learning platform will use 

policies to define who is allowed access to the services and to define the configuration for these 

services. 

 

Service providers involve in a joint degree have jointly to create and maintain a central website 

to manage a joint degree and lead students through their study. This central website should 

include the following functionalities: 

 

 Information on the joint degree including student guides. 

 Searching for courses available to the joint degree in each e-learning system 

 Selecting and enrolling in courses 

 Providing links to all courses to which the student is registered 

 Support of a Single Sign On in order to allow students to access an enrolled joint degree 

through any participating e-learning system 

 Portal activity report 

 

Likewise, an administrative website should allow universities to do the following actions in 

order to manage joint degrees: 

 

 Service management which includes both the publishing of courses and educational 

activities such as services in a service registry and the monitoring of service execution. 

 User management 

 Workflow management which includes a workflow editor and the monitoring of 

workflows. 

 Administrative reports. 
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Service providers can use videoconferencing and lecture recording services to support 

collaborative learning scenarios. 

 

4.9 Service request 

 

Figure 20 illustrates a sequence diagram for the resource request process. Each request sent by a 

user is sent to the workflow engine, which verifies the validation of this user through the 

identity provider. Once the user has been authenticated, the service manager provides the 

services required by the workflow engine.  

 

 

Figure 20. Sequence diagram for the resource request process 

 

The service manager looks up the service in the service registry, which contains a catalogue of 

all services available for the collaboration environment. The policy manager provides the 

policies associated with the service requested by the workflow engine, which will use this 

information to configure the expected behaviour of the requested services. Likewise, the policy 

manager provides the context information which will be used by the workflow manager to 
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define the runtime environment (colour, styles, etc.) when the “executeService” service is 

requested. 

 

4.10  Conclusions 

 

SOA provides an opportunity to achieve dynamic applications through the automated 

composition of services. A service-oriented architecture has been proposed to allow the 

development of joint degree programmes through e-learning. A policy-driven configuration of 

existing e-learning services has been applied in order to allow managers to define the terms of a 

collaboration agreement using a high-level policy language. This approach supports the 

dynamic configuration of e-learning services according to the terms of a collaboration 

agreement encoded as policies. 

  

We have identified the main components that an e-learning system needs to adapt in order to 

participate in the development of new joint curricula and to play a role in the convergence of 

Higher Education.  

 

Universities interested in participating in the development of joint degrees through e-learning 

systems have to implement services to allow users to access the main educational features 

supported by e-learning systems. It is important to encourage service building in e-learning 

systems in order to make the communication and integration with other systems easier. Service 

providers can use videoconferencing and lecture recording services to support collaborative 

learning scenarios. 

 

The development of a joint degree not only requires the e-learning systems to be adapted 

technically. We have identified additional services and systems that need to be considered by 

universities to develop and manage joint degrees. 
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Chapter 5 

Workflow management of e-learning 

services  
5. WORKFLOW MANAGEMENT OF E-LEARNING SERVICES 

This chapter presents the workflow management of e-learning services based on the WfMC 

Reference Model. First, the implementation layers of a collaboration agreement are described. 

Then, this chapter focuses on the second and third layer related to the workflow management 

and service execution, describing the proposed workflow management components. Finally, in 

order to show how the theory can be tested one sample scenario is presented. 

 

5.1 Implementation layers 

 

Based on the conceptual model presented in Figure 13, the specification of objectives, 

resources, and terms of the collaborative agreements are the starting point to implement a 

collaboration agreement through e-learning systems. This implementation can be split into three 

layers:  the collaborative agreement specification layer, the workflow management layer and the 

services execution layer.  

 

The collaborative agreement specification defines the terms of the joint agreement in plain 

language. Once the document has been signed by the persons responsible for each partner 

university, the agreement must be translated into technical language. The translation process is 

carried out in the workflow management layer, and the implementation of services in the 

execution layer.  

 

An example of these layers is shown in Figure 21, which illustrates how a term of the agreement 

related to the number and type of credits can be executed by the services: setTypeCredit, 

setNumCredit, getNumCredit, checkCredit and notify. The services setTypeCredit and 
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setNumCredit will assign value to the global variables typeCredit and numCredit. The workflow 

engine at any time can check whether the type and number of credits have been successfully 

completed invoking the services: getNumCredit (it returns the value of the typeCredit variable), 

checkCredit (it returns the number of credits completed by a student at this moment) and notify 

(it sends a specific notification to the users). 

 

In our context, a workflow is concerned with the automation of collaborative human activities 

inside the educational institutes to achieve the development of joint degrees through e-learning 

systems. Creating a SOA with workflows within an e-learning context is one of the more 

challenging problems of e-learning and will require a range of techniques for modelling and 

executing workflows involving both automated and human processes [176]. 

 

 

Figure 21. Implementation layers of a collaboration agreement 

 

The steps involved in educational workflows require complex coordination of multiple roles. 

Based on the WfMC Reference Model, the proposed workflow management components and its 

roles are shown in Figure 22. These components are as follows:  
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Figure 22. Workflow management components and roles 

 

In the following sections, the workflow management components are described. 

 

5.2 Process Definition Tools 

 

The process definition tools in our architecture are made up of: the policy editor, the policy 

manager, the policy repository and the context repository. These components are used to 

analyse, model and describe each term of a collaboration agreement that can be executed by an 

e-learning system in terms of policies. Policies provide the means for specifying high-level 

configuration of services towards achieving the terms of the collaboration agreement. 

 

The roles involved in this process are: Academic manager, Coordinator and e-learning manager. 

The Academic manager is responsible for creating and editing the policies according to the 

collaboration agreement. The e-learning manager will have access to these policies to provide 
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the necessary specification of services, methods and parameters that need to be implemented in 

each e-learning system involve in a joint degree. The coordinator is responsible for checking 

whether the agreement has been defined in terms of policies. 

 

Policies should be able to be updated during runtime by the e-learning managers. The policy 

manager is responsible for policy translation and policy validation. Policies are expressed as 

event-condition-action.  

 

APPEL policy description language was chosen as the base language for expressing the policies. 

APPEL has a style close to natural language permitting ordinary users to formulate and 

understand policies readily. A policy in APPEL is built with optional triggers, optional 

conditions and actions.  

 

The action of a rule is executed whether its trigger has occurred and its condition satisfied. In 

our context, an action includes the invocation of a service. Actions can be composed using the 

primitives and, or, andthen and else. Each policy has an owner and it can specify modalities 

through the preferences must, should and prefer. 

 

To provide a simple example, we present a policy that defines who is allowed to execute the 

“registerService” service. This service must be executed only by the e-learning manager role. 

 

<policy name="allowRegister" applies_to="registerService"> 
<preference>must 
<policy_rule> 

<trigger>access_attempt 
<conditions> 

<condition> 
<parameter>UserRole 
<operator>eq 
<value>E-learning manager 

<action>authorise 
 

The policy manager identifies the necessary variables, rules, and tasks to satisfy the agreement. 

One or more rules are combined to form policies.  

 

According to an analysis of collaboration agreements, examples of global variables that can be 

included in e-learning systems are shown in Table 16.  
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Table 16. Examples of global variables that can be included in e-learning systems 

Collaboration agreement variables 

Academic: Joint 

curriculum 

Details of each course, including name, number of credits, 

type of credit, teaching staff, structure, roles and resources 

(i.e, URLs). 

Academic Admission requirements, assessment, credit format, 

language of instruction, academic calendars, thesis rules 

for assessment (for example, plagiarism, student appeals 

and general progress of each student). 

Administrative: 

universities 

Name, department, nickname, address, city, country, 

rector, coordinator and e-learning server. 

Administrative: degrees Name, type, qualification awarded, discipline/academic 

field, intellectual property, confidential property, language 

skills, place of enrolment, logo protocols, access control 

and security policies, credit transfer recognition, 

recruitment strategies, total credits and type of credit. 

Administrative: staff Number of teaching staff, number of administrative staff 

and number of technical staff. 

Administrative: time Duration, date of signature, expiration date, approval 

evaluation date and early termination. 

Financial Programme fees, financial aid, fees charged to students, 

money exchange rate, distribution of incomes between 

partners, sustainability, marketing and fee arrangements 

(i.e., each student will pay fees at only one institution but 

may be formally registered at both institutions). 

 

 

Furthermore, examples of rules that can be translated into technical language are shown in  

Table 17. 

 

Table 17. Examples of rules that can be implemented into e-learning systems 

Collaboration agreement rules 

Rule 1: This agreement will be in effect for two years from the date of 

signature. 
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Rule 2: The parties agree that any joint degree programme will need to be 

approved by the relevant state educational agencies and accrediting 

bodies for the respective institutions before any programme comes 

into effect. 

Rule 3: The students must complete a total of 120 ECTS credits according to 

the curriculum approved by the institutions involved.  

Rule 4: The students can apply to any of the institutions, or must fulfil the 

admission requirements at each institution. 

Rule 5: The students can enrol at any of the institutions, or must be 

separately enrolled at each institution. Students admitted are 

registered at all host institutions at which they will study during the 

joint degree. 

Rule 6: The minimal number of staff at each institution is 10 for teaching 

staff, 5 for administrative staff and 4 for technical staff. 

Rule 7: An evaluation of this agreement will be initiated by both institutions 

at least 12 months prior to its expiration  

 

The variables and rules identified above allow us to define the tasks required to develop a joint 

degree. The implementation of tasks is carried out through services, and their requirements are 

expressed in terms of policies based on the collaboration agreements. In other words, the 

implementation layer invokes the services in each e-learning platform in accordance with the 

policies of the agreement. This process is carried out by the execution of a workflow system 

made up of policies and services. On this level, the composition, and orchestration technologies 

are carried out. 

 

In this context, we can define a policy as a rule that defines the features of a service in terms of 

security, privacy and implementation according to a set of conditions. Service requirements are 

specified by means policies to ensure that they meet the terms of the collaboration agreements.  

 

A service can have associated one or more policies. A policy can be triggered when all of its 

conditions are satisfied. Policies are passed to the workflow engine that searches for services 

that satisfy each task.  
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5.3 Workflow Enactment Service 

 

In our context, the workflow enactment service provides the policy-based environment in which 

services execution occurs, utilizing a workflow engine, an identity provider, a service manager 

and service registry.  

 

The workflow engine is responsible for policy and services execution. The engine will check the 

services’ state to decide whether a service has finished and the flow can continue. When the 

state of a service is changed, an event is produced and the workflow engine is notified. 

  

The e-learning systems rely on identity provider to assert the identity of a user. All user requests 

have to be authorized by the identity provider, which provide security tokens. 

 

To coordinate the service interactions, a service manager is required. This will identify what 

services should be executed according to the workflow engine request. Services management 

must be dynamic and adaptable to meet changing educational needs.  

 

The whole educational process can be modelled as a flow of activities and enacted by a 

workflow engine. A workflow is a means of representing process flow, decision points and 

educational activities associated with the development of a joint degree. Figure 23 illustrates the 

workflow model used. An activity is carried out by the execution of one o more services. The 

workflow definition is specified by the academic managers and the coordinators.  

 

 

Figure 23. The workflow model 

 

A clear assignment of tasks and responsibilities to each role should be carried out. The main 

workflow related by each role to the development of a joint degree is shown in Figure 24. These 

activities are based on a collaboration programme at our university and may vary with respect to 

different educational systems.  
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A workflow can include checkpoints between two activities, which will require the intervention 

of human resources such as teachers, academic managers or coordinators to approve 

continuation to the next activity.  

 

 

Figure 24. The main workflow to be implemented 

 

The states of an activity are: initiated, terminated, running and suspended. Likewise, the states 

of a service are: running, initiated, enable, disable, completed.  

 

When a joint degree has been implemented, the academic manager and the coordinator must 

check whether the terms of the collaboration agreement have been fulfilled satisfactorily. Once 

a course has finished, the teacher will provide a report to the coordinator of the degree who will 
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terminate the degree when all of the courses have been completed and the technical and 

academic reports finalised. 

 

5.4 Administration & Monitoring Tools 

 

The mark of a successful workflow management system is a well-conceived set of tools 

covering the management and monitoring of processes designed to develop a joint degree, as 

well as the management of users. The tools identified are: 

 

 A workflow editor tool should be used by academic managers and coordinators to 

specify an educational workflow. Once the workflow has been defined, it will be 

transformed into a script, such as BPEL. 

 A user management tool to allow academic managers to manage users and roles. 

 A tool for workflow management and for monitoring the execution of services. This 

tool can be used by academic managers, coordinators and teachers. 

 

5.5 Invoked Applications 

 

The invoked applications in our context refer to the services called by the workflow engine 

during the development of a joint degree. 

 

Each partner must ensure both the access to their e-learning system and the availability of all 

services needed to develop a joint degree. Each course specified in the agreement must be 

accessed through a service, which will be deployed according to the policies and the context 

information. Therefore, each e-learning manager has to make the necessary technical 

adaptations with the implementation of customized services.  

 

We can envisage up to nine kinds of process and their respective services. Implementation 

complexity will depend on which services are required for the e-learning scenario. These 

processes and services are shown in Table 18. 
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Table 18. Services proposed 

Process Services 

Management of services 

(courses and other educational 

activities) 

searchService, publishService, enableService, 

disableService, updateService, registerService, 

delService, infoService, executeService 

Management of access control 

(authorization and authentication) 

getUserID, checkID, addUser, delUser,  editUser, 

login, logout, setRole, updateRole 

Notification of events subscribe, unsubscribe, createNotification, 

delNotification 

Design of joint curricula  setCourse, setAssessment, SetLanguageInstruction 

Management of privacy and 

security 

setIntellectualProperty, setRights, 

setAuthenticationMode, setAccessLevel 

Management of assessment in a 

collaborative environment  

import, export, createAssessment, delAssessment, 

getAssessment 

Management of administrative 

process  

sendReport, enrolCourse, approveEnrol, rejectEnrol, 

verifyCourse, setStaff, regLMS  

Management of collaboration 

agreement 

setPurpose, setCreditFormat, setCreditNum,  

setDuration, setLegalAspects, 

setAdmissionRequirements, setRights, setObligations, 

setCalendar, setFinancialIssues, renewal 

Management of context setLanguage, setDate, setTime, setLocation 

 

5.6 Workflow Client Applications 

 

The workflow client applications are external applications to initiate workflows and retrieve 

data from them. Student can initiate an educational workflow as part of a joint degree though 

either each e-learning system or a central application. 

 

A joint degree web page should be created in each institution’s host. It should contain the 

administrative support of the joint degree for students and teaching staff, course scheduling, and 

the integrated curricula which will be a list of courses linked to the corresponding e-learning 

system. 
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Students have to request admission and enrolment in each partner institution. Institutions can 

trust the management of users to an identity provider which will be responsible for controlling 

the identity and validation of users. It permits the support of Single Sign On in order to allow 

students to access an enrolled joint degree through any participating e-learning system.  

 

5.7 Sample scenario 

 

In order to illustrate how some terms of a collaboration agreement can be implemented through 

e-learning, we describe a sample scenario. Consider a scenario where two European universities 

want to offer and develop a joint degree in Computer Science. Both universities support e-

learning courses. Based on Figure 21, the layers to implement this scenario are as follows: 

 

5.7.1 Collaboration agreement specification 

 

The collaborative agreement specification defines the terms of the joint agreement between the 

University A and the University B. Table 19 summarizes the collaboration agreement for this 

sample scenario.  

 

Table 19. Collaboration agreement for the sample scenario 

Terms Description 

A The purpose of this agreement is to record the intention of the University A (UA) 

from France and the University B (UB) from Spain to develop and run the Joint 

Master’s Degree in Computer Science. 

B The degree will start on the 1 September 2012 and the duration of the joint degree 

is one year.  

C In order to obtain the Joint Master’s Degree documented by a joint diploma, the 

students must complete a total of 120 ECTS credits according to the curriculum 

approved by the universities involved. The students will receive a joint degree from 

UA and UB provided that they have obtained a minimum of 30 ECTS credits at 

each university. 

D The curriculum approved by the universities involved is depicted in Table 20. A 

minimum of 60% is valid to pass a course. 
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E The language for instruction is English. 

F Up to 15 students will be accepted by each institution. 

G Each student admitted to the joint Master’s degree is registered at both universities. 

The identification process will be federated through shibboleth, which will be 

located at http://jointdegree.shibboleth. 

H This agreement will be in force for a period of five years starting from 20 July 2011 

as approved by the governing bodies of the participating universities. Upon 

successful completion of the study programme, students receive one joint diploma 

which is issued and recognized by the partner universities” 

 

The curriculum approved by the universities involved is depicted in Table 20. A minimum of 

60% is valid to pass a course. 

 

Table 20. Example of a general course structure 

Course Location Name Credits Duration Start End 

1 UA Compilers 20 2 months 1 September 

2012 

31 October 

2012 

2 UB Operating 

Systems 

20 3 months 2 November 

2012 

31 January 

2013 

3 UA Computer 

Networking 

30 3 months 1 February 

2013 

30 April 2013

4 UB Computer 

Graphics 

30 2 months 1 May 2013 31 June 2013 

5 UA or UB Thesis 20 Individual Individual Individual 

 

5.7.2 Workflow management 

 

Once the document has been signed by the persons responsible for each partner university, the 

agreement must be translated in terms of rules (policies) and tasks (services). The translation 

process is carried out in the workflow management layer, and the implementation of services in 

the execution layer. Some rules and tasks identified for this example are detailed in Table 21.  
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Table 21. Rules and tasks identified 

Terms Rules Tasks 

A European context should be 

supported by services 

setNameDegree (Computer science) 

setHostU (UA) 

setHostPartner (UB) 

setContext (European)  

B Courses will be enabled 

from startCourse to 

endCourse 

setDuration (1 year) 

setStartCourse (1/09/12) 

setEndCourse (31/08/13) 

C A minimum of 30 credits 

per university 

setNumCredit (120) 

setTypeCredit (ECTS) 

setMinCredit (30) 

D A minimum of 60% is valid 

to pass a course. 

 

registerService can only be 

executed by e-learning 

managers 

registerService (Course, ‘Compilers’, UA) 

setCourse (Compilers, UA, 20, 2m, 01/09/12)  

registerService (Course, ‘Operating systems’, UB) 

setCourse (Operating systems, UB, 20, 3m, 02/11/12)  

registerService (Course, ‘Computer networking, UA) 

setCourse (Computer networking,UA,30,3m, 1/02/13) 

registerService (Course, ‘Computer Graphics, UB) 

setCourse (Computer Graphics, UB, 30, 2m, 1/05/13)  

E  setLanguage (English) 

F  setMaxStudents (15) 

G Use an identity provider for 

federated authentication  

setIdentityProvider (http://jointdegree.shibboleth)    

notifyProviders 

H Services will be enabled 

until setExpirationDate 

setDurationAgreement (5 years) 

setSignatureDate (20 July 2011) 

setExpirationDate (20 July 2015) 

 

All the educational features that are supported by e-learning systems, and which are used in the 

development of an academic degree, need to be available through services. These need to be 

recorded in a central service registry through the service called registerService whose 

parameters are: type (e.g. course, video, etc), name and source location. This service can only be 

executed by the e-learning managers.  
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The workflow to implement in this sample scenario is similar to that shown in Figure 24. This 

workflow can include checkpoints between two activities, which require the intervention of 

human resources such as teachers, academic managers or coordinators to approve continue in 

the next activity.  

 

A central website to manage this joint degree should be created by both universities. It should 

include the following functionalities: 

 

 Information about the Joint Master’s Degree in Computer Science including student 

guides. 

 Searching of courses available to the joint degree in each e-learning system 

 Selecting and enrolling in courses 

 Providing links to all courses the student is registered for 

 Support of Single Sign On in order to allow students to access an enrolled joint degree 

through any participating e-learning system 

 Portal activity report 

 

Likewise, an administrative website should allow universities to carry out the following actions 

in order to manage joint degrees: 

 

 Service management which includes both publishing of courses and educational 

activities as services in a service registry and monitoring execution of services. 

 User management 

 Workflow management which includes a workflow editor and monitoring of 

workflows. 

 Administrative reports. 

  

5.7.3 Service execution  

 

The aforementioned rules and tasks allow us to define the policies and services required to 

develop a joint degree. These will be managed through the implementation of a workflow 

system. We can define a policy as a rule that defines the features of a service in terms of 

security, privacy, and implementation according to a set of conditions and context information. 
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It should be possible to change the configuration of each service without having to change its 

implementation.  

 

The first phase of the workflow management is related to the process definition where most of 

the services initially executed are related to the assignment of values to global variables. 

Examples of these services are setDuration, setLanguage, setSignatureDate, setContext, etc. 

During the execution of the workflow most of the services listed in Table 18 are invoked. 

 

Figure 7 illustrates the sample scenario. Students enrolled in a joint degree can access it through 

any participating e-learning system.  

 

Figure 25. Sample scenario 
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steps to register and enable a course are as follows. First, the “registerService” must be executed 

by the e-learning managers to register each course in the service registry. The e-learning 

manager, who is the only authorised role to execute this service, is logged in the e-learning 

system. In this example, Shibboleth will be the identity provider.  

 

Second, the request for the “registerService” is sent the workflow engine. Third, the workflow 

engine checks whether the policy manager has associated policies to this service. Forth, as this 

service has associated the policy that only the e-learning manager role can carry out the 

“registerService”, the workflow engine must verify the user role with the identity provider. 

Fifth, the course will be registered in the service registry. Once the service has been registered, 

the “setService” will be used to assign the course to the joint degree. When the course start date 

is reached, the workflow engine will enable the course using the “enableService”. 

 

Finally, considering that cultural issues and website design have an intrinsic relationship, the 

context information will be used by the workflow manager to define the runtime environment 

(colour, styles, etc.) when the “executeService” is requested. 

 

5.8 Conclusions 

 

This chapter has described the author’s contributions in the field of workflow management in e-

learning services for supporting the development of collaboration agreements. First, the 

implementation of a collaboration agreement through an e-learning system can be split into 

three layers: the collaborative agreement specification layer, the workflow management layer 

and the services execution layer. In this chapter, we have focused on the workflow management 

layer.  

 

Then, this chapter focuses on the second and third layer related to the workflow management 

and service execution. Based on the WfMC Reference Model, the workflow management 

components have been proposed and thoroughly described. Finally, one sample scenario has 

been illustrated to explain how a collaboration agreement can be implemented. 

 

Most of the workflow management components have been validated by the author in the context 

of the ITECBAN project. 
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Chapter 6 

Interoperability for querying learning 

object repositories 
6. INTEROPERABILITY FOR QUERYING LEARNING OBJECT REPOSITORIES 

This chapter presents both the Simple Query Interface (SQI) and a common schema for 

querying and result presentation. This demonstrates how interoperability for querying learning 

repositories can be achieved. The SQI specification is the result of a collaborative effort of a 

number of European partners from universities to commercial companies. EducaNext-UPM was 

one in a set of heterogeneous repositories that were used in the first cycles of SQI’s 

implementation. The author was responsible for integrating EducaNext-UPM into several search 

networks using SQI.  

 

The SQI final specification was published as an official CEN ISSS Workshop Agreement 

(CWA) [26] in October 2005. Contributions from Ariadne, EducaNext, Celebrate, ELENA, 

Edutella, EduSource, PROLEARN, Universal and Zing have been acknowledged in this CWA.  

 

6.1 The Simple Query Interface 

 

SQI is an accredited standard for querying learning object repositories widely implemented by a 

large number of repositories. Since one major design objective was to keep the specification 

simple and easy to implement, the interface is labelled Simple Query Interface (SQI). SQI 

defines a set of methods that can be used by a source for configuring and submitting queries to a 

target system and retrieving results from it [139].  

 

Figure 26 illustrates a communication process between two learning repositories, where SQI 

allows a source (Learning repository A) to create a connection with the target (Learning 

repository B) in order to submit queries and retrieve results.  
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A common query language and common result format have to be agreed beforehand. Some 

mappings from the common to local schema might be required before submitting the search. It 

is performed by wrappers [139]. 

 

 

Figure 26. Communication between two repositories [139] 

 

 

Table 22 lists all SQI methods and indicates whether they are implemented at the source or at 

the target. These methods are specified in an abstract manner without bound to a concrete 

technology. SQI specification separates query management from authentication. However, an 

optional authentication and session management specification is included. A detailed 

description of the methods is provided in the specification [26] . 

 

In order to query a Learning Object Repository, a session has to be established between the 

source and the target. This session is used by the source for successive interactions. SQI defines 

two methods for creating a session and another for destroying it. A session can be created 

without user details (createAnonymousSession) or with a user’s credentials (createSession). 

DestroySession is the method used to destroy a session. 

 

Once a session has been established, the source may configure some interface parameters at the 

target before sending a query.  SQI methods for configuring query parameters are 

setQueryLanguage, setResultsFormat, setMaxQueryResults, setMaxDuration and 

setResultSetSize. If none of these parameters are specified within the session, defaults are 

assumed. 
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Table 22. Overview of Simple Query Interface Methods 

 Implemented at the target 

and called by the source 

Implemented at the source 

and called by the target 

Query Parameter Configuration 

setQueryLanguage X  

setResultsFormat X  

setMaxQueryResults X  

setMaxDuration X  

Synchronous Query Interface 

setResultsSetSize X  

synchronousQuery X  

getTotalResultsCount X  

Asynchronous Query Interface 

asynchronousQuery X  

setSourceLocation X  

queryResultsListener  X 

 

Finally, the source submits a query in either asynchronous or synchronous mode. Once the 

target has received the query and it has been processed, the target returns the results to the 

source.  

 

6.2 The Simple Query Interface in EducaNext 

 

EducaNext (http://www.educanext.org) was a multilingual, academic exchange portal, where 

members of higher education, research organisations, and professional communities can go to 

share, retrieve, and reuse learning resources [87]. Unfortunately EducaNext was shut down on 

February 22nd, 2012 for lack of funding required to maintain it as competitive service. Figure 27 

shows the homepage of EducaNext in 2005, when the author collaborated with the EducaNext 

development team. 

 

EducaNext was based on the Universal Brokerage Platform (UBP), which enables collaboration 

among educators by providing a full range of services to support the exchange of Learning 
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Resources. EducaNext was open to any member of the academic or research community 

allowing users to: 

 

Figure 27. EducaNext homepage (2005) 

 Participate in Knowledge Communities 

 Communicate with experts in your field 

 Exchange Learning objects, such as presentation, recorded lectures, quizzes, etc.  

 Work together on the production of Educational Activities such as courses, tutoring 

sessions, etc. 

 Deliver distributed Educational Activities 

 Distribute electronic content under license 

 

Figure 28 shows the functions required for supporting an Exchange Process supported by UBP 

[137]. 

 

Figure 28. EducaNext Exchange Process 
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The provider offers learning resources and specifies which community can access it and the type 

of relationship. On the other hand, the consumer can consume the resources offered. The UBP 

offers the user the functionality to browse and search in a catalogue of resources, book 

resources, annotate resources, contribute resource, etc 

 

In order to participate in the implementation and validation of SQI, an instance of the 

EducaNext server was configured in a server located at UPM. This server was called 

EducaNext-UPM. The author actively participated in the connection of EducaNext into search 

networks within the European projects ELENA, PROLEARN and iCamp. 

 

The implementation of SQI in EducaNext was carried out in two cycles. The first cycle was 

developed in the European projects ELENA and PROLEARN. The second cycle was 

implemented in the iCamp project.  

 

The ELENA learning management network was based on Edutella [103], which is a P2P 

network for exchanging information about learning objects based on RDF [172]. The Edutella 

network defined the main requirements for SQI’s implementation in the educational nodes of 

the ELENA project such as: 

 

 Use QEL [105] as the common query language. QEL is an RDF query language used on 

the Edutella network. QEL has two formats: Datalog and RDF. 

 Use RDF/XML as the common result format 

 

A concrete binding to a specific syntax is needed to implement SQI in a repository. We used a 

SOAP web services building for SQI implementation in EducaNext. Due to the significant 

similarities in programming interfaces between EducaNext and Edutella, we embedded the 

Edutella functionality into EducaNext. EducaNext runs an Edutella provider that is connected 

with a special triple-table of EducaNext in order to enable Edutella consumers to query 

EducaNext. 

 

By registering an educational resource in EducaNext, the user must specify the access type 

(public or restricted). Figure 29 illustrates the process of storing an learning resource in 

RDFformat.  
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Figure 29. Storing an learning resource in RDF format 

 

When a learning resource is published for public access, its description will be stored into the 

database in RDF format. A table called ELENA_TRIPLES is used to store RDF triples. This 

table is composed of three columns corresponding to the subject, predicate and object of the 

RDF statement.  In this sense, first it is necessary, to build a RDF file that contains all the 

attributes in order to announce the availability of the learning resource and query for it.  In order 

to build this RDF file, we used a common schema that defines all attributes such as title, 

description, price, among others. This metadata schema will be detailed in next section. The 

RDF file is parsed using JENA in order to generate the triples stored in the ELENA_TRIPLES 

table. 

 

The SQI implementation resulted in a wrapper-like architecture integrated into the Java 

component [5]. The wrapper allows the communication between SQI and the local database. 

Wrappers are used to transfer and convert a query to a local query language as well as convert 

and send the query results from the local format to a common one. EducaNext uses the 

relational database Firebird to store its metadata and SQL as the local query language.  

 

Figure 30 shows the first version of EducaNext wrapper implemented. Incoming QEL queries 

are translated into SQL and results are transformed back to a QEL response format. Results are 

returned as QEL result sets encoded in RDF/XML. The SQI target uses the QEL-to-SQL 

translation component created for the Edutella integration case. 
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Figure 30. EducaNext wrapper 1.0 

 

SQI can be deployed in two scenarios: synchronous and asynchronous. EducaNext implemented 

the synchronous scenario where the query results are returned to the source. Figure 31 provides 

a sequence diagram to show what happens in EducaNext when a query is received through SQI.  

 

 

Figure 31. Using SQI in EducaNext: a sequence diagram 

 

The first step is to create a session. In this example, the session is anonymous.  EducaNext will 

return a sessionID to the source, which will be used throughout the communication process. In 

the following step, the source sets QEL-RDF as the query language to be used during the 

communication. Next, RDF is selected by the requester as the result format. Then, the maximum 
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number of results which a query will produce is set to 10. After setting the query parameters, the 

synchronous query is sent. This query in QEL-RDF is parsed and translated to SQL language in 

order to query the EducaNext database. Finally, the results from the database are parsed to RDF 

format and sent to the source.    

 

Figure 32 represents the complete architecture of EducaNext wrapper. SQI sends a query to 

EducaNext and it process the query. This query is in QEL format and must be parsed in order to 

be translated to an SQL query. In the same manner, the resultSet must be parsed to RDF format 

to be sent to SQI.  

 

The implementation process was carried out reusing the Edutella classes which implement the 

database connection, the parser of QEL to SQL as well as the parser of resultSet object to RDF.  

An example of a RDF file generated by EducaNext is presented in the Appendix A. 

 

The second cycle of the implementation of SQI in EducaNext was developed in the iCamp 

project. The main requirements to take into account in this cycle were: 

 

 The common query language are both VSQL and keyword query language 

 The common result format are both LOM and RSS 

 

Figure 32. EducaNext Wrapper 
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Figure 33 represents the general architecture that supports the new version of SQI. When a 

query (VSQL or keyword query language) is received by the SQI, the process that takes place in 

order to achieve results is as follows: 

 

 First of all the queries are parsed to obtain the search terms, which will later be sent to 

the Lucene engine. 

 Once the Lucene has obtained results, the query results can be retrieved as LOM or RSS 

format. If the result format is LOM we will use the LOM API to build the object. Then, 

we develop a parsing process from the object to LOM XML. On the other hand, if the 

result format is RSS (Real Simply Syndication), we will need a parsing process from 

Results Lucene to RSS format. 

 

EducaNext brought RSS or ATOM feeds for recently published learning resources. Examples of 

query results retrieved as LOM and RSS format are presented in the Appendix B. 

 

 

Figure 33. EducaNext wrapper 2.0 
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presentation 

 

The specification of a common metadata schema for querying and results presentation is 

required in order to achieve semantic interoperability among heterogeneous learning object 

repositories. The author participated in the specification of a common schema in the ELENA 
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offering and exchanging learning objects [140]. 
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The semantic model instantiated in the ELENA Smart Space for Learning is based on a 

particular use case in the context of personnel development process. A common metadata 

schema was specifically designed to the needs of the ELENA network. As describe in section 

2.2.1, there are several metadata schemas available for learning objects description such as: 

LOM and Dublin Core. However, some attributes in these approaches are not enough to 

describe the attributes required in ELENA, for example price attribute [4]. 

 

We have proposed the ELENA common metadata schema against which queries are issued and 

the search results are expressed. The ELENA common schema was realized as a LOM 

application profile [127] mixed in other metadata standards such as Dublin Core, OpenQ, 

VCard and iCalendar. 

 

This schema includes the common attributes to describe learning objects in the project. Some of 

the learning resources in EducaNext can be seen also as learning services according to ELENA 

definitions. In our context, a learning object can be understood as either educational services or 

materials used to support the achievement of a specific educational goal. Examples of 

educational services are: courses, seminars, tutorials, etc. Examples of educational materials are: 

lecture recordings, books, podcasts, demonstrations, exams, exercises, experiments, figures, 

lecture notes, narrative texts, presentations, simulations, theses, etc. [3].  

 

Identifier, title, language, prerequisites, topic, etc. are examples of the common attributes of 

both services and materials. Examples of the attributes used to describe educational material 

only are format, version and publication date. Examples of the attributes to describe educational 

services are: number of participants, initial and final schedule of the service. 

 

ELENA employs RDF bindings for the global schema. Table provides an overview of the 

ELENA Common Schema. 

Table 23. The ELENA Common Schema 

Mandatory Attributes of the Query Results List 

Attribute Name Encoding Permissible Values 

Identifier dc: identifier  The identifier shall be composed 

from a unique identifier of the 

repository providing the learning 

resource and a unique identifier, 
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identifying the learning resource 

itself. 

Title dc:title Not restricted 

Learning Resource 

Language 

dc:language ISO639-2  

(http://www.loc.gov/standards/ 

iso639-2/ langcodes.html) 

Description dc:description Not restricted 

Learning Resource 

Type 

lom:learning_resource_categor

y 

LA for Learning Activity (e.g. 

course, seminar, conference, study 

programme), LM for Learning 

Material (e.g. textbook, lecture 

notes) 

Additional Information ln:add_information Any URI 

Contributor dc:contributor, vcard:fn Not restricted. It must indicate the 

contributor’s name. 

Price Flag lom-rights:cost Yes/No 

Restrictions Flag lom-rights: 

copyright_and_other_restrictio

ns 

Yes/No 

Location (only for 

learning activities) 

openq:location (vcard:country 

, vcard:locality, vcard:pcode) 

vcard:country= ISO 3166-1:1997, 

vcard:locality=free text, 

vcard:pcode=free text 

Start Date icalendar:dtstart Format: yyyymmdd 

End Date icalendar:dtend Format: yyyymmdd 

Optional attributes of the Query Results List 

Attribute Name Encoding Permissible Values 

Subject dc:subject String or pointer to subject 

taxonomy. Pointers to subject 

taxonomy shall reference the subject 

taxonomy. 

Prerequisite dcterms:requires String or pointer to other learning 

resource (identifier) 

Organization Name openq:supplier_name, 

vcard:orgname 

Not restricted 
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Provider Person openq:organizer_contact, 

vcard:fn 

Not restricted 

Learning Goal openq:goal Not restricted 

Learning Material 

Type  

lom: 

learning_resource_type 

Not restricted 

Learning Activity 

Type 

lom: 

learning_resource_ type  

Not restricted 

Rights dc:rights Not restricted 

Price Amount openq:priceamount Not restricted 

Price Currency openq:pricecurrency  Not restricted 

 

 

6.4 Conclusions 

 

This chapter has described the author’s contributions in the field of interoperability for querying 

learning repositories; her participation in the ELENA, PROLEARN and iCamp European 

projects gives her unique experience in identifying and validating the necessary building blocks.  

 

The building blocks identified are the specification of a common query interface, a common 

query language and a common metadata schema for querying and result presentation. The 

author was responsible for integrating EducaNext-UPM into several search networks using 

these building blocks. 

 

Most of the work described in this chapter has been developed and validated by the author in the 

context of three different EU-IST projects namely ELENA, PROLEARN  and iCamp.  The SQI 

implementation in EducaNext has been re-used in the instances in Vienna and Tallinn. 
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Chapter 7 

Validation and results 
7. VALIDATION AND RESULTS 

The objective of this chapter is to present an overview of the different actions that the author has 

carried out in order to validate the previously described contributions. The validation has been 

possible within national and European research projects in which the author has been involved. 

Section 7.1 describes the experiments carried out in three European projects to achieve 

interoperability for querying learning repositories.  

 

The implementation of joint degrees through e-learning systems is complex because it involves 

technical, administrative, security, cultural, financial and legal challenges. However, in order to 

validate our contributions, most components described in the proposed architecture were 

validated in different projects. Section 7.2 describes the workflow management developed in the 

context of the ITECBAN project. In section 7.3, the author presents the working prototype 

developed during her Master’s Thesis. This was used to validate the creation of a service layer 

in order to provide access to courses and the educational content in the AGWS repository. 

 

Within the field of e-learning services, we have focused on the use of videoconferencing and 

lecture recording as the best-suited services to support collaborative learning scenarios. These 

scenarios are presented in section 7.4.  

 

Finally, the results of this dissertation are presented in section 7.5. 

 

7.1 Validation in European projects 

 

The author had the privilege of working in three European projects related to Technology 

Enhanced Learning namely ELENA, PROLEARN and iCamp. This provided an opportunity to 

validate some of the ideas and contributions of this dissertation within the project contexts. 
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7.1.1 Validation in ELENA project 

 

A semantic network of interoperable educational systems referred to as a Smart Space for 

LearningTM [138] was developed in the ELENA project. The educational nodes connected in 

ELENA are shown in Figure 34. The author was responsible for integrating the EducaNext-

UPM node into the ELENA network [3]. 

 

 

Figure 34. Nodes on the ELENA Smart Spaces for Learning [4] 

 

The author participated in the specification and validation of both a common API for querying, 

called SQI and a common semantic model for querying and results format presentation, called 

ELENA Common Schema which can be encoded in XML and RDF.  

 

ELENA has connected several educational nodes that can all be accessed by the personnel 

development portal Human Capital Development (HCD) suite [59], where SQI allows for an 

easy integration of various catalogues into one view. This portal constituted a Personal Learning 

Assistant (PLA) which made use of the user’s individual profile and goals to find appropriate 

learning resources in a personalised way. 

 

One of the main parts of the HCD Suite was the search component, which allowed users to 

search for learning resources in the ELENA network connected via the SQI. The ELENA 

common metadata schema proposed was implemented in each network node. Furthermore, QEL 

was taken as the common query language. Figure 35 shows the network search query page 

where EducaNext-UPM was one of the nodes selected for searching. 
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Figure 35. The query page in HCD 

 

When a search is requested, the network search client sends the query to the selected nodes and 

collects the received query results according to a user’s learning goals as shown in Figure 36.  

 

 

Figure 36. Screenshot of the network search client in HCD 
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7.1.2 Validation in PROLEARN project 

 

The author had the privilege of working in PROLEARN project from its early stages. This 

provided an opportunity not only to validate some of the ideas and contributions of this 

dissertation but also to have access to experts in the field of Technology Enhanced Learning. 

 

PROLEARN coordinated some of the practical experimentation with the specifications 

proposed in ELENA in the field of interoperability of learning object repositories.  The Simple 

Query Interface (SQI) was the basis for a PROLEARN network of more than 15 international 

learning object repositories. EducaNext-UPM was part of this learning object repositories 

network.  

 

EducaNext-UPM was integrated in the ARIADNE federated search engine [149] through SQI. 

For this purpose, information about web services in EducaNext-UPM was supplied in a UDDI 

registry. This registry was set up to ease the process of integrating further repositories. The 

ARIADNE federated search engine can dynamically load information about learning object 

repositories from this registry. Considering that ARIADNE required each partner to return a 

minimum of metadata fields, encoded as LOM XML, EducaNext-UPM implemented this 

requirement. 

 

The author was involved in the development of a system that indexes material produced in the 

context of PROLEARN and managed by the Agora Groupware Web Server (AGWS) [11]. 

PROLEARN relied on AGWS to manage all material that was produced within this network of 

excellence. In order to allow other services to interact with our collaborative web server and 

share its information access to this material, a web service layer was developed on top of 

AGWS. 

 

In the PROLEARN Interactive Media workgroup, we had the opportunity to use 

videoconferencing as collaborative media to foster group learning interactions and learning 

behaviours. The author participated in the first PROLEARN Summer School which offered us 

an opportunity to share and discuss our research with peers and experienced researchers. 
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7.1.3 Validation in iCamp project 

 

The iCamp project created the ObjectSpot service [160] which used SQI for communication 

with the repositories. ObjectSpot was the iCamp federated search porlet, which searches over a 

growing number of learning object repositories. A learner can enter query words into the 

ObjectSpot which sends them to the connected repositories. The common query language 

agreed was keywords and the results were returned in RSS format.  

 

The author was responsible for the integration of EducaNext-UPM into the iCamp network. The 

source code of the SQI implementation in EducaNext was placed on the iCamp project SVN 

repository at Sourceforce.net. This was re-used in the instances of EducaNext located in Vienna 

and Tallinn. Figure 37 shows a screenshot of the ObjectSpot service showing an integrated 

query results.  

 

Figure 37. Screenshot of the ObjectSpot client 

 

7.2 Validation in ITECBAN project 

 

The ITECBAN project aimed at providing the banking core building process with software tools 

oriented towards the collaborative activities of a Virtual Organization. A virtual organization 

beyond academic definitions can be defined as "a group of people or organizations sharing their 

resources and skills for the fulfillment of a specific task" [130]. From our point of view, it was 
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especially interesting to take into account the interaction among the organizational, 

technological and individual dimensions, within a process-oriented business scenario.  The 

proposed scenario for collaboration in a virtual organization is depicted in Figure 38. The 

scenario contains the following main components [53]:  

 

 Virtual organization made up of administrators, managers and developers.  

Administrators and managers are responsible for the specification of the workflow 

process. Developers are the end-users of the system. 

 Identity component, which is responsible for authentication, authorization and access 

control policy. 

 Collaborative environment made up of synchronous and asynchronous collaborative 

tools, the workflow management system and repositories. 

 

 

Figure 38. ITECBAN components 

 

In our scenario, the workflow management system had to satisfy, at least, the following 

functional requirements [99]: 

 

 Design of forms which allow the specification of tasks and rules, including the user’s 

roles needed for their execution and the input and output data types.  

 Use of an open source workflow management system. 

 Easy creation of new flows and dynamic update of flows 

 Management of roles and users through LDAP. 

 Be fully web-based, where user access trough any web browser. 
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 Connection with different databases as MySQL, LDAP and CMDB 

 Management of products through CMDB. 

 Use of a dynamic typing language to build fast prototypes. 

 Workflow management of incidences, changes, problems and job orders. 

 

In order to identify the variables, policies, roles, process and components that should be taken 

into account in the workflow management system of this scenario, we analysed the 

aforementioned functional requirements and workflows depicted as flow charts. Each workflow 

should be finally deployed as a group of dynamic views orchestrated according to the process 

logic. Figure 39 shows the incident management flow chart and the dynamic view deployed in 

the “Incidence Register” process. 

 

 

Figure 39. Incident management flow chart and “Incidence Register” view 

 

Considering the aforementioned functional requirements, we proposed a workflow management 

system based on the WfMC reference model focusing on those entities and interfaces found to 

more relevant for the approach presented here. This instantiation is shown in Figure 40 and 

described as follows: 

 

 In our workflow management system, the process definition tools were made up of a 

graphical workflow definition tool [93], which was based on Flex and allowed users to 

design workflows in an easy way.  
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 Associated with the Workflow Enactment Services, there are several databases pushed 

by the necessities of this concrete scenario: an LDAP for user/role management; a so-

called CMDB to store the products which are dealt with in the workflows; and a local 

DB which will store the workitems. The OpenWFE (Ruote) was the workflow engine 

selected. It is an open source workflow engine based on Ruby on Rails, which is a very 

effective framework for agile development and rapid prototyping. A CAS server was 

responsible for the identity management of this scenario and implemented a Single 

Sign-On (SSO). 

 

 

Figure 40. Instantiation of the WfMC Reference Model 

 

 Related to the workflow client application, a flash web client was implemented in order 

to allow users to manage workflows in the banking context. The user must authenticate 

against a SSO central authentication service. Once a user’s credentials have been 

accepted, a main view is shown according to the user role. This client was ready to 

interact with the workflow engine via a REST API and dynamically render forms. In the 

ITECBAN project, a view definition language called SFDL [100] was defined. SFDL 

allows the dynamic generation of user interfaces and can be easily integrated in any 

workflow execution engine. SFDL can be expressed in a number of markup languages –

XML, JSON, YAML. 

 

 Finally, the invoked applications in our scenario refer to the possibility of including a 

videoconferencing application inside a workflow system.  However, the 

videoconferencing service in ITECBAN was managed by the application called 

ITECSOFT. 
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7.3 Validation in Master’s Thesis 

The author carried out her Master’s thesis entitled “Design and implementation of an e-learning 

system” in the context of the AGWS system. AGWS is a web base groupware application which 

supports effective teamwork over the Internet within projects, distributed classrooms, groups or 

dispersed enterprises by supporting the communication and collaboration within a team [11]. 

Figure 41 show a screenshot of a course in AGWS.  

 

Figure 41. Screenshot of a course in AGWS 

 

During her Master’s thesis, the author designed and implemented a working prototype of an e-

learning system. The outcomes and lessons learned were applied to improve the conceptual 

model and architecture of this dissertation. Furthermore, this Master’s thesis was used to 

validate the ideas of supporting the use of services in e-learning systems to enable 

communication with other systems. For this purpose, a layer of services was developed on top 

of the AGWS.   

 

Figure 42 shows the AGWS architecture. The database in this architecture is accessed through a 

kernel which is the core of the system. The kernel is responsible for managing all the objects of 

the system. The plugins are the objects that provide the functionality of a collaborative system 

such as users, groups, repository, forum, calendar, etc. 
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Figure 42. AGWS architecture 

7.4 Validation in IBA/ING and CyberAula 2.0 projects 

 

Within the field of e-learning services, we have focused on the use of videoconferencing and 

lecture recording as the best-suited services to support collaborative learning scenarios. In the 

IBA project, the author had the opportunity to evaluate the development of a joint course 

through the Internet using videoconferencing and collaborative tools. This scenario provided the 

background for the contributions regarding the conceptual model of this dissertation and the use 

of e-learning services within a collaborative environment. Figure 43 shows a screenshot of a 

course in the IBA project.  

 

 

Figure 43. Screenshot of a course in IBA 
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The CyberAula 2.0 project presented an integrated solution for videoconferencing and lecture 

recording as a mechanism to support courses which need to be promoted or discontinued within 

the framework of the European convergence process [8].  

 

Our main objective is to make courses accessible through live streaming during lessons and to 

provide recorded lectures and associated documents to students as soon as the lesson has 

finished [18]. The solution was based on the integration of the GlobalPlaza platform, the Isabel 

videoconference tool [121], the UPM Moodle platform and the UPM Channel on YouTube. 

Figure 44 shows the architecture of the CyberAula 2.0 project.  

 

Figure 44. CyberAula 2.0 project architecture 

 

The videoconferencing tool that we used in this study was Isabel [121], and the web platform 

that was integrated with Isabel to schedule, perform, stream, record and publish 

videoconferences automatically was GlobalPlaza. 

 

GlobalPlaza is a web platform to schedule, perform, stream, record and publish 

videoconferences automatically. It is integrated with the videoconferencing tool called Isabel, 

which is a real-time collaboration tool for the Internet, which supports advanced collaborative 

web/videoconferencing with application sharing and TV like media integration. Both of them 
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are open source solutions which have been developed at our university. Recorded sessions can 

be: 

 accessed directly in GlobalPlaza 

 exported to LOM and SCORM compliant files which can be imported by an LMS such 

as Moodle.  

 published to Channel UPM on YouTube 

 

Each class session is broadcast on the Internet and then recorded, enabling geographically 

distant students to participate in on-campus classes. Figure 45 shows a screenshot of a Web 2.0 

course using GlobalPlaza.  

 

 

Figure 45. Screenshot of the Web 2.0 course using GlobalPlaza 

 

The author participated in the CyberAula project from its early stages. In particular, the author 

contributed to the preparation of the project proposal as well as the implementation of the 

architecture. Five pilot scenarios located in different campuses at our university were used to 

validate the CyberAula project [8]. The results of this validation have provided valuable 

information to improve the conceptual model of this dissertation. Furthermore, the 

interoperability between Moodle and GlobalPlaza was achieved using SCORM and LOM. 

Figure 46 shows a screenshot of a SCORM package in Moodle and generated by GlobalPlaza. 

The Comunica-media project continues the two main lines of research implemented in the 
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CyberAula project, adding the use of screencast as a tool for improving teaching, learning and 

assessment.  

 

Figure 46. Screenshot of a SCORM package in Moodle 

7.5 Dissemination of results 
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7.5.2 Research Visit 

 

In connection with this dissertation, I visited the Department of Computer Science at the 

University of Leicester.  The research visit took place from April 1 to June 30, 2008. During this 

period of time, I had fruitful discussions with several researchers from the University of 

Leicester on policy management in the environment of joint degrees in e-learning systems and 

business-oriented web services management, in particular with two staff members Dr. Stephan 

Reiff-Marganiec and Dr. Effie Lai-Chong Law.  

 

During the visit, I also had the opportunity to give a PhD seminar on my research, which 

resulted in many useful comments and suggestions for my work. 

  

7.5.3 Research Seminars 

 

 PhD Seminar on “Developing Joint Degrees through E-learning Systems”.  Department 

of Computer Science. University of Leicester. Mayo 20, 2008. Leicester, United 

Kingdom. 

 

 PhD Seminar on “Mediators and Interoperability in E-learning”. Department of 

Telematics Engineering. Universidad Politécnica de Madrid. 2004. Madrid, Spain 
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 “Mediators and Interoperability in E-learning”. Department of Electrical Engineering 

(DIE). Universidad Autónoma de México. Diciembre 2004. México D.F. 

 

 “Interoperability of E-learning Repositories”. First symposium of computer science. 

Institulo Tecnológico de la Paz. Noviembre 2004. La Paz, Baja California Sur, México. 
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Chapter 8 

Conclusions 
8. CONCLUSIONS  

The challenges for supporting the development of joint degrees through e-learning systems 

involve technical, semantic, political/human, international and legal interoperability. This 

dissertation has tried to address the technical, semantic and international interoperability by 

combining a service-oriented approach with policies and workflows. This combination allows 

the e-learning administrator and academic managers to manage joint degrees according to the 

terms stipulated by a collaboration agreement signed by two universities. 

 

Since e-learning systems cover a wide range of academic programmes, and as joint degrees such 

as e-learning are rapidly growing trends, finding a suitable solution that enables universities to 

design joint degrees through their own e-learning systems becomes necessary. An e-learning 

system can be adapted technically to support joint degrees, to bridge national, international, and 

cultural issues and be used as an alternative to the very costly mobility of students. 

 

This dissertation has addressed the following research questions:  

1. What factors need to be considered in the implementation and management of joint 

degrees? Our purpose was to present a conceptual model that integrates and identifies 

the key issues and limitations of this scenario. 

2. How can the current e-learning systems support the development of joint degrees? This 

dissertation has investigated how e-learning systems can be used as means to support 

and develop joint degrees as stipulated by collaboration agreements signed at least by 

two universities. 

3. What other services and systems need to be adapted by universities interested in 

participating in a joint degree through their e-learning systems? We have identified and 

focused on which services should be considered by universities to develop and manage 

joint degrees. 
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Section 8.1, 8.2 and 8.3 discuss how these questions are addressed. Section 8.4 summarizes the 

main contributions reached to fulfil the objectives proposed. Finally, section 8.5 provides 

directions for future research. 

 

8.1 What factors need to be considered in the implementation 

and management of joint degrees? 

 

In order to identify what factors are related to the implementation and management of joint 

degrees, we have analysed several collaboration agreements between universities at the national, 

European, and transatlantic level as well as various e-learning frameworks. The implementation 

of joint degrees through e-learning systems involves technical, semantic, political/human, legal 

and international interoperability.  

 

Taking into consideration the common issues stipulated in collaboration agreements, we have 

analyzed which of them can be managed through e-learning systems and which can be 

considered as limitations. A conceptual model, the key issues and limitations identified, the 

participating roles and a business model are presented as part of the theoretical model proposed.  

 

Table 24 summarizes the factors that have been considered in our research divided by key issues 

and limitations. 

 

Table 24. Factors related to the implementation of joint degrees 

Level Key issues Limitations 

Academic Joint curriculum, Admission requirements 

and Assessment 

Quality assurance 

Teaching styles 

Pedagogical strategies 

Administrative Enrolment rules, Duration and conditions of 

the agreement, recruitment strategies, 

generation of reports as well as 

administrative, teaching and technical staff 

Credit transfer recognition 

Context Language of instruction, credit format and 

programme dissemination  

Academic calendars, 

Awarding of degrees, 

Cultural and political barriers 
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Security Access control and security policies Data protection 

Financial Programme fees, financial aid, money 

exchange rate, marketing, distribution of 

incomes 

Sustainability 

Legal Legal status Legal recognition 

Intellectual property 

 

8.2 How can the current e-learning systems support the 

development of joint degrees?  

 

This dissertation has researched how e-learning systems can be used as a means to support and 

develop joint degrees as stipulated by collaboration agreements signed by at least two 

universities. 

 

A wide diversity of proprietary and open source e-learning systems have been developed. 

However, most of them were design to work in a standalone rather than a collaborative way. As 

a result, the implementation of joint degrees by means of e-learning systems requires the 

solution of several technical difficulties generated by the heterogeneity of systems. However, an 

e-learning system can be adapted technically to support this kind of degree. 

 

Joint degrees based on e-learning systems can be made possible through the automated 

composition of web services that can be implemented and executed to fulfil collaboration 

agreements between academic institutions at national and international level. A policy-driven 

approach supports the dynamic configuration of e-learning services according to the terms of a 

collaboration agreement encoded as policies. 

 

The following features should to be implemented in each e-learning system in order to support 

the development of a joint degree: 

 

 All the educational activities used in the development of an academic degree that are 

supported by e-learning systems need to be available through services. Therefore, a 

layer of services need to be developed. 
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 In our context, e-learning systems rely on an identity provider for authentication. This 

configuration should be implemented. 

 Each implemented service has to be published in a service registry in order to make it 

available to the users of a degree. 

 It should be possible to change the configuration of each service without having to 

change its implementation. 

 Support interoperability for querying learning object repositories, implementing the 

common query interface and specifying a common metadata schema for querying and 

results presentation as well as the selection of a common query language.    

 

8.3 What other services and systems need to be adapted by 

universities interested in participating in a joint degree 

through their e-learning systems?  

 

Besides e-learning systems, we have identified the following services and systems that need to 

be considered by universities to develop and manage joint degrees: 

 

 User management: Institutions can trust the management of users through an identity 

provider which will be responsible for controlling the identity and validation of users. It 

permits the support of a Single Sign On in order to allow students to access an enrolled 

joint degree through any participating e-learning system. 

 

 Enrolment management: This functionality should be available from the joint degree 

website.  

 

 Quality assurance: It is important that the participating universities ensure the quality 

of the joint degrees they offer. This means that they have a qualified staff as well as 

first-rate academic programmes, learning facilities, and student support. 

 

 Joint degree website: Universities involved in a joint degree have to create and 

maintain jointly a central website to manage a joint degree and lead students through 

their study. This central portal should include the following functionalities: 
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o Information on the joint degree including student guides. 

o Searching for courses available to the joint degree in each e-learning system 

o Publishing of courses and educational activities 

o Selecting and enrolling in courses 

o Providing links to all courses to which the student is registered 

o Support of a Single Sign On in order to allow students to access an enrolled 

joint degree through any participating e-learning system 

o Portal activity report 

 

 Workflow management which includes both a workflow editor and the monitoring of 

workflows. 

 

 Service management which includes both the publishing of courses and educational 

activities such as services in a service registry and the monitoring of service execution. 

 

 Administration and monitoring reports to evaluate the effectiveness of the scenario 

proposed. 

 

8.4 Main contributions 

 

The main contribution of this dissertation is the design of a policy-driven architecture for 

supporting the development of joint degrees through e-learning services. The proposed solution 

allows e-learning systems to be able to work in a collaborative way by combining their data and 

functionality through the integration of their services. In order to detail the main contributions 

of this work I will review the list of detailed objectives identified at the beginning of the 

dissertation, and will explain how the contributions of this thesis address these objectives. 

 

 To identify the challenges and potential problems to overcome in the development of 

joint degrees through e-learning systems.  

In order to achieve this goal, several collaboration agreements between universities at the 

national, European, and transatlantic level as well as various e-learning frameworks were 

analysed. Based on the challenges and problems identified, we have analyzed which of them 

can be managed through e-learning systems and which can be considered as limitations. The 
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key issues and limitations identified were organized and presented at seven levels such as 

technical, academic, administrative, context, security, financial and legal.  

 

According to the key issues and limitations identified, most of the process of developing a 

joint degree through e-learning systems can be carried out. Language and some cultural 

aspects related to web design can be managed through the implementation of context in 

services. However, some of the barriers to overcome in this scenario are: legal obstacles, 

national and international recognition, quality assurance, the need for compatible credit 

systems, varying teaching approaches, examination procedures, the bureaucracy involved in 

the administrative processes, cultural differences, and bandwidth limitations. The 

administrative support in this context plays a crucial role, for this reason it is important to 

develop a complete administrative support to ensure the success of this approach. 

  

 To define a conceptual model in order to analyze how an e-learning system can be used 

as a means of developing joint degrees.   

The conceptual model includes the main phases that are carried out during the specification 

and development of a joint degree and identifies which of them can be automated and 

implemented through e-learning systems. Likewise, the conceptual model presents the main 

roles involved in this scenario together with their corresponding responsibilities.  A clear 

division of tasks and responsibilities will help partners’ universities to function effectively. 

A business model is also presented, identifying the potential benefits for actors involved in a 

joint degree, and answering four interlinked core questions which are regarded as central to 

the development of a business model. 

 

 To design a reference architecture for implementing inter-institutional degree 

collaborations through e-learning systems. 

A reference architecture for supporting joint degrees is presented. The main components of 

the architecture have been identified and described. This architecture is made up of an 

identity provider, service providers (e-learning systems), a policy editor, a policy manager, 

a workflow engine, and a service manager. A collaboration agreement can be modelled by 

policies and workflows and then carried out by services located in the participating 

universities. In this context, a joint degree can be defined as an academic programme made 

up of a cluster of services that are offered by universities through their e-learning systems.  

 

 To define the workflow management component of the architecture.  
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A workflow management of e-learning services based on the WfMC Reference Model has 

been proposed. This component manages and implements workflows through the execution 

of e-learning services whose order is driven by policies. The workflow management 

components and their roles have been described. In order to illustrate how some terms of a 

collaboration agreement can be implemented through e-learning, we have described a 

sample scenario. 

 

 To identify which other services and systems need to be adapted by universities.  

Besides e-learning systems, we have identified additional services and systems that need to 

be considered by universities to develop and manage joint degrees. It has been referred to in 

section 8.3. 

  

 To identify the building blocks for interoperability of learning object repositories.  

The participation of the author in the ELENA, PROLEARN and iCamp European projects 

has allowed her to identify and validate the building blocks for interoperability of learning 

object repositories. The author was responsible for integrating EducaNext-UPM into several 

search networks using a common query interface, a common query language and a common 

metadata schema for querying and result presentation. 

 

 To validate the feasibility of the research approach.  

The implementation of joint degrees through e-learning systems is complex. In order to 

validate our contributions, most of the components described in the proposed architecture 

have been validated in different projects. The workflow management and identity provider 

were partially validated in the context of the ITECBAN project. Additionally, the author 

validated the idea of using services in e-learning systems to enable the communication with 

other systems by implementing a working prototype. From the technical point of view, the 

development of a joint degree does not just require the e-learning systems to be adapted 

technically. The universities or academic institutions need to participate jointly in the support 

of a central website and the administration tools to manage the components proposed in the 

architecture.  

 

In the IBA and PROLEARN projects, the author had the opportunity to evaluate the 

development of a joint course through the Internet using videoconferencing and collaborative 

tools. On the other hand, the author participated in the specification and implementation of 

the architecture proposed in the CyberAula project to support videoconferencing and lecture 
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recording services through the integration of three platforms:  UPM Moodle, Global Plaza 

platform and Isabel videoconference tool. These scenarios provided the background for the 

contributions regarding the conceptual model of this dissertation and the use of e-learning 

services within a collaborative environment. 

 

The development of joint degrees through e-learning should help universities participate in new 

markets and create strategic alliances. Moreover, it should allow students to benefit from global 

curricula and learning environments by providing students with the opportunity to develop 

language skills as well as other abilities needed to work and participate in multicultural 

environments. 

 

8.5 Future research 

 

The development of joint degrees through e-learning services is a complex scenario with many 

interesting topics which would benefit from future research. In particular, the secure and reliable 

collaboration between participating universities in a joint degree requires further investigation to 

ensure protection of each system while still enabling access, and guarding the intellectual 

property rights of each participating institution. 

 

Another interesting open topic of research is how the administration of joint degrees works 

alongside the issue of privacy and identity management. The proposal has suggested using a 

central identity provider. However, detailed identity management is needed and there may be 

more appropriate systems such as a federated identity solution. More research will be needed to 

show which system will hold the most promise to allow users to participate conveniently in a 

collaborative scenario. 

 

There is also room for improvement in the workflow management component. It could be 

extended to support policy reasoning, in order to detect conflicts or other issues in the 

deployment of policies. This is another area where further research work would be beneficial. 

 

An effective evaluation system is important to obtain feedback from students, and both teaching 

and administrative staff.  This should relate to performance and usability of all areas of the e-

learning environment in order to provide data for future improvements. 
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Another interesting aspect of this work is related to the administration and monitoring tools. The 

mark of successful workflow management is a well-conceived set of tools, which cover the 

management and monitoring of the workflow.  A basic set of tools was defined. However, 

additional tools could be developed. For example, tools to generate statistics and reports, an 

alarm management system, notification management, etc. 

 

The development of a component in the metadata schema for querying and results presentation, 

allowing automatic mapping and harmonization between two schemas would be interesting, and 

a valuable addition to the system. 

 

Finally, usability is increasingly becoming a hot topic for user-centric platforms. Usability 

requirements for the scenario of joint degrees through e-learning systems need to be identified. 

It will, however, depend on the context and scope of the degree, for example colour-schemes 

may need to be carefully considered where one institution is in Asia, and the other is in Europe. 
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Appendix A.  

Example of a RDF file generated by 

EducaNext  
Appendix A. Example of a RDF file generated by EducaNext 

<?xml version="1.0" encoding="ISO-8859-1"?> 

 <rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 

  xmlns:rdfs="http://www.w3.org/TR/1999/PR-rdf-schema-19990303#" 

  xmlns:dc="http://purl.org/dc/elements/1.1/" 

  xmlns:dcterms="http://dublincore.org/2001/08/14/dcq#" 

  xmlns:lom="http://ltsc.ieee.org/2002/09/lom-base#" 

  xmlns:lom-tech="http://ltsc.ieee.org/2002/09/lom-technical#" 

  xmlns:lom-edu="http://ltsc.ieee.org/2002/09/lom-edu#" 

  xmlns:lom-life="http://ltsc.ieee.org/2002/09/lom-life#" 

  xmlns:lom-rights="http://ltsc.ieee.org/2002/09/lom-rights#" 

  xmlns:elena_ont="http://www.elena-project.org/rdf/ont#" 

  xmlns:elena_tax="http://www.elena-project.org/rdf/tax#" 

  xmlns:elena_exa="http://www.elena-project.org/rdf/exa#" 

  xmlns:icalendar="http://www.w3.org/2002/12/cal/ical#" 

  xmlns:openq="http://www.open-q.de/" 

  xmlns:ln="http://www.hcd-online.com/nsv1/" 

  xmlns:vCard="http://www.w3.org/2001/vcard-rdf/3.0#"> 

  <elena:LearningMaterial rdf:about="lr-test-saguirre-1107186534250" dc:identifier="lr-test- 

     saguirre-1107186534250"> 

       <dc:title>Microprocesor</dc:title> 

       <dc:description>is an electronic CPU made from miniaturized transistors and other circuit    

       elements on a single semiconductor integrated circuit</dc:description> 

       <dc:subject>Computers</dc:subject> 

       <dc:language>en</dc:language> 

       <dc:created> 

         <dcterms:W3CDTF> 

             <rdf:value> 

             <rdf:value>2004-04-26</rdf:value> 
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             </rdf:value> 

        </dcterms:W3CDTF> 

       </dc:created> 

       <dc:creator> 

         <lom:Entity> 

              <vcard:FN> Sandra Aguirre </vcard:FN> 

         </lom:Entity> 

       </dc:creator> 

      <dc:issued> 

        <dcterms:W3CDTF> 

                <rdf:value>2004-04-26</rdf:value> 

        </dcterms:W3CDTF> 

      </dc:issued> 

      <dc:format> 

        <dcterms:IMT> 

         <rdf:value>application/x-dvi</rdf:value> 

        </dcterms:IMT> 

      </dc:format> 

    <lom-edu:learning_resource_type>LM</lom-edu:learning_resource_type> 

    <openq:location>http://www.dit.upm.es</openq:location> 

    <lom-edu:learning_resource_type>Course</lom-edu:learning_resource_type> 

  </elena:LearningMaterial> 

</rdf:RDF> 
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Appendix B.  

Examples of query results in LOM and 

RSS 
Appendix B. Examples of query results in LOM and RSS 

Example of a result in LOM format: 

<results> 

      <lom> 

<general> 

<identifier> 

<catalog>EducaNext</catalog> 

<entry>lr-wuw-wild-1110818181664</entry> 

</identifier> 

<title> 

<string>SQI / HCD-Suite: Building a Network of Educational Resource 

Repositories</string> 

</title> 

<language>en</language> 

<description> 

<string>Structure of the Talk: - A Vision of Interoperability, - Interoperability 

Framework, - Status Quo of the evolving Educational Repository Network, - 

Integration Patterns, - Future Issues, - SQI Developers &amp; Implementers 

Community</string> 

</description> 

</general> 

<technical> 

<location>http://www.educanext.org/ubp/search@srchDetailsLR?lrID=lr-wuw-

wild-1110818181664</location> 

</technical> 

</lom> 

</results> 
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Example of a result in RSS format: 

 

 

 

 

  

<?xml version="1.0" encoding="UTF-8"?> 

<rss version="2.0"> 

  <channel> 

    <title>EducaNext Results</title> 

    <link>http://www.educanext.org</link> 

    <description>EducaNext Learning Resources</description> 

    <item> 

<title>SQI / HCD-Suite: Building a Network of Educational Resource 

Repositories</title> 

<link>http://www.educanext.org/ubp/search@srchDetailsLR?lrID=lr-wuw-wild-

1110818181664</link> 

<description>Structure of the Talk: - A Vision of Interoperability, - Interoperability 

Framework, - Status Quo of the evolving Educational Repository Network, - 

Integration Patterns, - Future Issues, - SQI Developers &amp; Implementers 

Community</description> 

      <pubDate>dom, 13 mar 2005 23:00:00 GMT</pubDate> 

<guid>http://www.educanext.org/ubp/search@srchDetailsLR?lrID=lr-wuw-wild-

1110818181664</guid> 

    </item> 

  </channel> 

</rss> 


