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Abstract
This paper aims to present the new challenges and benefits of ubiquitous just-in-time learning and on-demand knowledge, covering innovative learning services and new functionalities of the ubiquitous access to global knowledge repositories. The idea is realized by means of interactive TV, mobile technologies and contemporary web and its derivative technologies viz. learning grids and multimedia digital libraries.
Keywords
Learning services, Interactive TV, Semantic Web, Mobile technologies, Learning grids, Multimedia digital libraries
1. introduction

The emergence of knowledge society and knowledge-based economy signifies a new era for education and training i.e. ubiquitous learning. Ubiquitous learning aims at replacing old-fashioned time/place/content-predetermined learning with a just-in-time/at work-place/customized/on-demand process of learning. The new services related to providing personalized ubiquitous access to high quality learning courses will create new markets and provide means to increase productivity and hence growth and employment throughout the economy providing more convenient access to information and communication tools. New tendencies in eLearning put users at the centre with the goal of improving participation, opening up opportunities for everyone and enhancing skills containing measures regarding e-inclusion in all action lines.

An important strategy for achieving this is the multi-platform provision of eLearning services. If all citizens are to be included, it is crucial that eLearning services be available over different terminals such as PC, TV sets or mobile phones. In view of these objectives, the development of an integrated multi-platform eLearning service delivery environment that will allow the inclusion of European citizens into information society becomes a central research goal.
This paper aims to present the new challenges and benefits of ubiquitous just-in-time learning and on-demand knowledge, covering innovative learning services and new functionalities of the ubiquitous access to global knowledge repositories. The idea is realized by means of contemporary web, interactive TV and mobile technologies. Section 2 presents new models, technologies and applications for just-in-time learning and knowledge-on-demand applications. Section 3 determines the generic issues for innovative learning services of web, interactive TV and mobile applications for ubiquitous learning. Section 4 determines new standards and abstract architectural models for integrated web, interactive TV and mobile applications. Section 5 pays an attention to services for content delivery, creation (production), adaptation, personalization, storage, indexation, semantic searching, etc., their main issues and future trends. Services for on-demand access to digital libraries for ubiquitous learning are the main topics of section 6. Section 7 discusses grid technologies and services for learning environments. Section 8 traces the implementations of innovative learning services in several big projects. The analysis in the article leads to formulation of short-term and long-term prognosis of the future of ubiquitous learning applications in the form of possible scenarios and recommendations. They are included in the last section.

2. New models, Technologies and applications for Just-in-Time Learning and Knowledge-on-Demand Applications
It is clear that new styles of learning are some of the next challenges for every industry. Incredible velocity and volatility of today's markets require just-in-time methods for supporting the need-to-know of employees, partners and distribution paths. It is also clear that this new style of learning will be driven by the requirements of the new economy: fast, just-in-time, relevant and on-demand.

Time, or the lack of it, is the reason given by most businesses for failing to invest in learning. Therefore, learning processes need to be fast and just-in-time. Speed requires not only a suitable content of the learning material (highly specified, not too general), but also a powerful mechanism for organizing such material. Also, learning must be a customized on-line service, initiated by user profiles and business demands. In addition, it must be integrated into day-to-day work patterns and needs to represent a clear competitive edge for the business. Learning needs to be relevant to the (semantic) context of the business [Adelsberger et al., 2001].
eLearning aims at replacing old-fashioned time/place/content predetermined learning with a just-in-time/at work-place/customized/on-demand process of learning. It builds on several pillars, viz. management, culture and IT [Maurer at al., 2001]. eLearning needs management support (vision and plan for learning, integrating learning into daily work). It requires changes in organizational behaviour establishing a culture of "learn in the morning, do in the afternoon". An IT platform, which enables efficient implementation of learning infrastructure, is also needed. Our focus here lies on Semantic Web, Interactive TV (iTV) and wireless and mobile technologies that enable fast, just-in-time, relevant and on demand learning. Current technological solutions do not meet the above mentioned requirements. Some pitfalls are e.g. information overload, lack of accurate information, content that is not machine-understandable, undeveloped infrastructure, etc.

The knowledge-on-demand (KoD) paradigm as it emerges from the current needs of the knowledge-based society points out the following basic requirements for learning: anyone, anytime, anywhere delivery of education and training, adapted to the specific requirements and preferences of each individual citizen within different eLearning and e-working settings. This requires work towards feasible technical solutions to support the KoD concept.

Such technological solution is iTV. It combines the appeal and mass audience of traditional TV with the interactive features such as those currently available on the Web and offers new possibilities for the viewer, who can directly access relevant information and other services being just ‘one-click’ away. Interactive Television provides a range of new services that combine video and data and give viewers greater control over what they see, in comparison with other traditional services. iTV is considered as the convergence of two different technologies: television and computer technology. iTV technologies have the potential to facilitate new methods of providing learning experience to the home and the workplace with a just-in-time/at work-place/customized/on-demand process of learning.
The new generation of the Web, the so-called Semantic Web, appears as a promising technology for implementing modern eLearning, too. The Semantic Web constitutes an environment in which human and machine agents will communicate on a semantic basis [Berners-Lee, 2000]. One of its primary characteristics viz. shared understanding based on the ontology backbone. Ontology enables the organization of learning materials around small pieces of semantically annotated (enriched) learning objects [Neidl, 2001]. Items can be easily organized into customized learning courses (fast and just-in-time) and delivered on-demand to the user, according to her/his profile and business needs (relevant). In fact, the Semantic Web could be treated as a very suitable platform for implementing an eLearning system, because it provides all means for (eLearning) ontology development, ontology-based annotation of learning materials, their composition in learning courses and (pro)active delivery of the learning materials through eLearning portals.

Mobile learning suited the flexible learning paradigm of anywhere, anytime and supported the learning fraternity’s need to shift focus from a traditional didactic approach to learning delivery to that of supporting learning however, whenever and wherever the learner may choose. Contemporary mobile devices can also be useful in learning for several reasons: they can provide modular content, wireless access, automated delivery, convenience, performance, and information on-demand; they are personal and responsive. The high portability, user centred design, acceptable durability and potential network capability of the mobile equipment of the new millennium, meant that it had potential to fulfil the needs of emerging learning trends and in many cases could do this in a far more cost effective way then had ever been possible before. 

3. Generic issues for innovative learning services of web, interactive TV and mobile applications for ubiquitous learning

The future trends in ubiquitous learning point to the investigation and development of specialized innovative services, methods and instruments allowing wide range of learners to access and to follow courses by web-based tools and Digital Video Broadcast /DVB/ tools at training institution and/or on workplace (typically with Internet protocol based information infrastructure), or at home (with much bigger presence of TV sets than of computer equipment), combined with the practically ubiquitous connectivity of the mobile devices.

Following this idea we can determine a set of innovative learning services that are suggested by several very important research projects (ELENA project, LOGOS project, SeLeNe project, MOBILearn Project, MUSIS project, etc.) dated from the last few years. 

· Knowledge-on-demand learning services – They could provide semantic-led access to the virtual repositories, multilingual support and flexibility in order to produce personalised re-usable learning materials. 

· Services (tools) for creation educational resources based on learning standards that are interoperable and can be deliver by different communication spaces (Web, iTV, mobile technologies) 
· Personalisation service - The personalisation service can be recognized as a functionality, which customises access to learning services and learning resources (in the context of the delivery of a learning service) based on learner profiles (career development plans can even be part of such a profile). The result of the personalisation service is usually a customised view on a learning repository or a learning management network (connecting various educational nodes that facilitate the provision of additional educational services). The customisation can be performed in many ways using techniques such as collaborative filtering or rule-based personalization in order to modify a user's query or to reduce the results produced by the query. A special personal learning assistant (PLA) can support learners in searching for, selecting and contracting learning services. PLAs can also trigger the delivery of the following services: 

· Query rewriting service - The query rewriting service extends a user query by additional restrictions, joins, and variables based on various profiles. This extension is performed based on heuristic rules/functions maintained by the query rewriting service. Query rewriting services can be asked for adding additional constraints to user queries-based on user preferences and language capabilities. They can also be asked to extend a user query based on previous learner performance maintained in learner profiles, if a query is constructed in the context of improving skills. Query rewriting services can also be asked to rewrite a user query based on information the connected services need.

· Recommendation service - The recommendation service provides annotations for learning resources in accordance with the information in a learner's profile. These annotations can refer to the educational state of a learning resource, the processing state of a learning resource, etc. The service holds heuristic rules for deriving recommendations based on learner profile information. Recommendation services can be asked to add recommendation information to existing instances based on learner profile information.

· Link generation service - A link generation service provides (personalized) semantic relations for a learning resource in accordance with the information in a learner's profile. These relations can show the context of a resource (e.g. a course in which this learning resource is included), or they can show other learning resources related to this resource (e.g., examples for this learning resource, alternative explanations, exercises). The link generation service holds heuristic rules for creating semantic hypertext links. Some of the rules refer to information from the learner profile, in absence of learner profile information the service can at least provide some, not optimized, hypertext links. Link generation services can be asked for adding links and link type annotations to a given learning resource. They can be asked to generate a context for a given learning resource, or to generate a context for several learning resources by adding hyperlinks between them. They can be asked also to generate a learning path.

· Advanced (semantic-based) services for the discovery and sharing of suitable learning resources, facilitating a syndicated and personalised access to the resources.

· Syndication learning services, event and change notification learning services, learning content update services, presentation services.

· Services for accessing knowledge and realizing context aware and location-based learning in a mobile environment for example via collaborative spaces. These services can provide mobile users by enhancing learning management system (LMS) functionality in the following aspects: context discovery, mobile content management and presentation adaptation and packaging and synchronization of the learning materials.

· Repository services – They provide access to any kind of knowledge repository which is connected to a learning network. Repositories can contain simple files, single learning objects, learning object packages, single databases, federated databases, P2P network infrastructure, etc. 
· Educational service mediators – They allow the consumption of heterogeneous learning services via assessment tools, learning management systems, educational (meta) repositories and live delivery systems such as video conferencing systems or iTV.

4. New standards and abstract architectural models for integrated web, interactive TV and mobile applications

In the following section a set of standards and abstract models for integrated Web, interactive TV and mobile technologies are listed:

DVB-MHP (Digital Video Broadcasting - Multimedia Home Platform) is simply a common API (Application Programme Interface) that is completely independent of the hardware platform it is running on. MHP is an open standard platform, which will alter proprietary or vertical markets of existing software platforms into one that will enable content to be authored once and 'run' anywhere. Enhanced Broadcasts, Interactive Broadcasts and Internet Content from different providers can be accessed through a single device e.g. set top box or iDTV that uses this Common DVB-MHP API. It will enable a truly horizontal market in the content, applications and services environment over multiple delivery mechanisms (Cable, Satellite, Terrestrial, etc.). MHP defines a generic interface between interactive digital applications and the terminals on which those applications execute. This interface decouples different provider's applications from the specific hardware and software details of different MHP terminal implementations. It enables digital content providers to address all types of terminals ranging from low-end to high-end set top boxes, integrated digital TV sets and multimedia PCs. The MHP extends the existing, successful DVB open standards for broadcast and interactive services in all transmission networks including satellite, cable, terrestrial and microwave systems.

The core of the MHP is based around a platform known as DVB-J. This includes a virtual machine as defined in the Java Virtual Machine specification from Sun Microsystems. A number of software packages provide generic application program interfaces (APIs) to a wide range of features of the platform. MHP applications access the platform only via these specified APIs. MHP implementations are required to perform a mapping between these specified APIs and the underlying resources and system software.

The main elements of the first release of the MHP specification are:

· MHP architecture (as introduced above),

· Detailed definition of enhanced broadcasting and interactive broadcasting profiles,

· Content formats including PNG, JPEG, MPEG-2 Video/Audio, subtitles and resident and downloadable fonts,

· Mandatory transport protocols including DSM-CC object carousel (broadcast) and IP (return channel),

· DVB-J application model and signalling,

· Hooks for HTML content formats (DVB-HTML application model and signalling),

· DVB-J platform with DVB defined APIs and selected parts from existing Java APIs, JavaTV, HAVi (user interface) and DAVIC APIs,

· Security framework for broadcast application or data authentication (signatures, certificates) and return channel encryption (TLS),

· Graphics reference model,

· Annexes with DSM-CC object carousel profile, text presentation, minimum platform capabilities, various APIs.

The MHP specification provides a consistent set of features and functions required for the enhanced broadcasting and interactive broadcasting profiles. The enhanced broadcasting profile is intended for broadcast (one way) services, while the interactive broadcasting profile supports in addition interactive services and allows MHPs to use the world-wide communication network provided by the Internet. [PJB, 2003]
General Packet Radio Service (GPRS) is a mobile data service available to users of GSM mobile phones. It is often described as "2.5G", that is, a technology between the second (2G) and third (3G) generations of mobile telephony. It provides moderate speed data transfer, by using unused TDMA (Time Division Multiple Access) channels in the GSM network. Originally there was some thought to extend GPRS to cover other standards, but instead those networks are being converted to use the GSM standard, so that is the only kind of network where GPRS is in use. GPRS is integrated into GSM standards releases starting with Release 97 and onwards. First it was standardized by European Telecommunications Standards Institute (ETSI) but now that effort has been handed onto the 3GPP. GPRS upgrades GSM data services providing point-to-point (PTP) service, point-to-multipoint (PT2MP) service, short message service (SMS), anonymous service, future enhancements: flexible to add new functions, such as more capacity, more users, new accesses, new protocols, new radio networks [Wagner, 2005].
The 3rd Generation Partnership Project (3GPP) was originally created to produce globally applicable Technical Specifications and Technical Reports for 3rd Generation Mobile Systems based on evolved GSM core networks and the radio access technologies that they support. The scope was subsequently amended to include the maintenance and development of the Global System for Mobile communication (GSM). To insure interoperability, standard codecs will be utilized in transmission of multimedia information. These standards are recommended by the 3GPP SA WG4, which deals with the specifications for speech, audio, video, and multimedia codecs. [3GPP]
Wi-Fi (802.11) is composed of several standards operating on different radio frequencies: 802.11b is a standard for wireless LANs operating in the 2.4 GHz spectrum with a bandwidth of 11 Mbps; 802.11a is a different standard for wireless LANs, and pertains to systems operating in the 5 GHz frequency range with a bandwidth of 54 Mbps. Another standard, 802.11g, is for WLANS operating in the 2.4 GHz frequency. A draft version 1.0 of the proposed Wi-Fi 802.11n standard was formally adopted for consideration on 19 January 2006 at the IEEE’s bimonthly meeting. In addition, it discusses market opportunities for MIMO and 802.11n, which is expected to provide over 100 Mbps of throughput and roughly four times the range of 802.11b/g. [Wikipedia]
The Infrared Data Association (IrDA) defines physical specifications communications protocol standards for the short range exchange of data over infrared light, for uses such as personal area networks (PANs). IrDA devices typically have throughput of up to 115.2Kbps or 4Mbps. Smart phones, many personal digital assistants (PDAs), printers and laptop use IrDA protocols, primary for synchronization with data on the desktop based computers. [Wikipedia]

Bluetooth is an industrial specification for wireless personal area networks (PANs), also known as IEEE 802.15.1. Bluetooth provides a way to connect and exchange information between devices like PDAs, mobile phones, laptops, PCs, printers, digital cameras and video game consoles via a secure, globally unlicensed short range radio frequency [Wagner, 2005].
Wireless Application Protocol (WAP) is an open international standard for applications that use wireless communication (for example, Internet access from a mobile phone). WAP was designed to provide services equivalent to a web browser with some mobile-specific additions, being specifically designed to address the limitations of very small portable devices. It is now the protocol used for the majority of the world's mobile Internet sites, otherwise known as WAP-sites. The Japanese i-mode system is the other major competing wireless data protocol.

The new version of WAP 2.0, is a re-engineering of WAP using a cut-down version of XHTML with end-to-end HTTP (i.e., dropping the gateway and custom protocol suite used to communicate with it). [Wikipedia]
Universal Mobile Telecommunications System (UMTS) is one of the third-generation (3G) mobile phone technologies. It uses Wideband Code Division Multiple Access (W-CDMA) as the underlying standard, is standardized by the 3GPP, and is the European/Japanese answer to the ITU IMT-2000 requirements for 3G Cellular radio systems.

To differentiate UMTS from competing network technologies, UMTS is sometimes marketed as 3GSM, emphasizing the combination of the 3G nature of the technology and the GSM standard which it was designed to succeed.

UMTS supports up to 1920 kbit/s data transfer rates (and not 2 Mbit/s as frequently seen), although at the moment users in the real networks can expect performance up to 384 kbit/s - in Japan upgrades to 3 Mbit/s are in preparation. However, this is still much greater than the 14.4 kbit/s of a single GSM error-corrected circuit switched data channel or multiple 14.4 kbit/s channels in HSCSD, and - in competition to other network technologies such as CDMA-2000, PHS or WLAN - offers access to the World Wide Web and other data services on mobile devices. [Wikipedia]
High-Speed Downlink Packet Access (HSDPA) is a new mobile telephony protocol and is sometimes referred to as a 3.5G technology. HSDPA provides a smooth evolutionary path for UMTS networks allowing for higher data capacity (up to 14.4 Mbit/s in the downlink). It is an evolution of the W-CDMA standard, designed to increase the available data rate by a factor of 5 or more. HSDPA defines a new W-CDMA channel, the high-speed downlink shared channel (HS-DSCH) that operates in a different way from existing W-CDMA channels, but is only used for downlink communication to the mobile. [Wikipedia]
As it can be seen from the list above, the current standards define wireless and high capacity wired networks as good perspectives for ubiquitous learning. The new standards of the wireless world are promising, however we should keep in mind that the location of the user, and the traffic of other users have great impact on the connection speed. In the near future, as mid-2007 a new standard, called Long Term Evolution (3G LTE/SAE) is expected. Products offering 100 Mbit/s downlink and 50 Mbit/s uplink wireless connections are expected in 2009. 3G LTE/SAE is the next step in terms of user-service experience, improving latency, capacity and throughput. 3G LTE improves spectral efficiency, allowing for a large increase in system capacity and reduced cost per gigabyte. 3G LTE can utilize existing 2G and 3G spectra as well as new spectra. 3G SAE addresses cost-efficient deployment and operations for mass-market usage of IP services as well as improvements in integration of non-3GPP access technologies. [3G LTE/SAE]
5. Services for creation, storage and delivery of personalized, reusable, shareable content objects 

A very important trend of the future is that any learning content from any source (digital libraries and repositories with digital objects, knowledge grids, etc.) will be available anywhere at any time – via natural interaction – on any interactive learning platform, in any format desired by the user, which implies that a specific attention should be paid to services to content delivery, creation (production), adaptation, personalization, storage, indexation, semantic searching, etc. This section will discuss the main issues and future trends of these services [NEM, 2006].

Services for learning content discovery

In a near future world where content on demand is available everywhere from any providers, finding appropriate learning content for the user needs (discovery) becomes of the most importance. Discovery can be both of specific pieces of content and also packages of related content. The discovery engine should have some intelligence, remembering previous choice selected and that information to steer new searches. The normal, current use of discovery is for a search to be conducted, followed by the subsequent download of the information being sought. This is the way most people expect discovery to be used. An alternative view is that the search service could be based on an example or based on searches one has made previously (based on a profile that could be stored in the network or in the learning platform) or on some consensus view.

Services for learning content production

The mission of the future ubiquitous learning platform, as far as content is concerned, should be to facilitate the production of new audiovisual learning content that take maximum advantage of the new capabilities of networked electronic media in order to integrate all citizens into the Information and Knowledge Society.

The production of interactive learning content will become the most important element of content production. Learning content will ask for contributions from individuals, and individuals will wish to personalize and adapt content to their needs. 

The main requirement is the realization of more economical and more easily usable tools for content production. It is therefore crucial that content developers have better access to technology that enable them to create content and implicitly opens the way to distribution channels. 

Domestic tools offering content capture services are already almost indistinguishable from professional tools; the focus should be on tools for content manipulation and editing that run on domestic IT equipment. Above all, such tools must be intuitively usable – this will require trials with large user groups.

The main issues will be concerned with usability and rights management rather than with the technology itself.

Services for learning content adaptation

Learning content adaptation is the ability to tailor content to the current circumstances of the user. Content adaptation is related to content personalization, which is concerned with tailoring content semantically to the user’s requirement.

Today, very little content adaptation is performed by the learning platforms. Some features are supplied in the field of media adaptation, but this adaptation is very light. Some broadcasters make low-resolution versions for the content available on Web. Video content may have components to make it more accessible to some users – subtitles for the hard-to-hearing, sign language interpretation, and audio description for the blind or partially sighted – and these components sometimes can be selected optionally by learner. 

Several international research efforts are focused on the design and implementation of middleware infrastructures for content adaptation. Most of those proposals tend to adopt an adaptation approach based on static content selection, some research activities have already addressed real-time content production, and only a few research efforts consider dynamic binding to resources and service components.

The broadcasters’ promise is to supply services that are easy to use and better adapted to what the user needs by providing learning information in the right format. The vision is to achieve autonomous on-the-fly adaptation, with no human intervention, adapters should be capable of self-description, and a pervasive support infrastructure should take the appropriate context-based adaptation decisions, without affecting the design and implementation of multimedia servers and client applications. 

Learning content personalization and context awareness

Learning content personalization is the ability to tailor the content to the learner’s preferences as well as the learner’s context. Personalization is a means of meeting the user’s needs more effectively and efficiently by making interactions faster and easier. Furthermore, content personalization is closely related to knowledge management, data mining, and learning objects annotation and indexing. 

User experience personalization will be effective when they are receive highly relevant learning content available exactly when they want – any type of media available at anytime and in the most efficient way. Advanced learning content delivery systems need to exploit information about the environment in which they are working.  

This ‘context awareness’ is much more than location awareness alone, or merely the immediate situation. The vision is to have a middleware infrastructure capable of collecting all context metadata from clients, servers, involved resources and the environment in general and of transparently deciding the most appropriate content customization operations, with no impact at all on the design and implementation of multimedia clients/servers.

A very important objective in the field of personalization is the development of a system that is aware of the user’s situation. Such a system will interpret the contextual information in the light of preferences previously declared by the user or choices previously made to supply appropriate ‘tagged and targeted content’. 

A support service infrastructure should be able to properly aggregate data about the context, in order to distil a context view at the proper level of abstraction depending on who/what is in charge of taking decisions on the basis of that view. Sometimes, those context data should be migrated, possibly proactively, with the learner they apply to, depending on learner movements during the service session. 

Services for content indexation (automatic generation of metadata)

Indexation means generating search keys enabling efficient retrieval of content in both relevance and speed respects. The lack of proper indexing and retrieval system is rendering useless most of the huge collections of digital multimedia content that are available. Only a few indexing techniques can be considered as mature and effectively deployed audio and video segmentation, image and music identification, speech-to-text transcription in very favourable conditions, etc. 

The main aim is to develop advanced automatic analysis and recognition tools and systems for audio visual learning content capable of generating highly semantic metadata in a very fast and reliable way. Target services include audiovisual delivery over fixed and mobile networks (TV, VoD) and all associated functionalities, personal content management, professional content management, etc.

Semantic searching for content

Discovering content can be defined as the act of which a user or an agent finds a description that fulfils certain user criteria. The primary goal in content discovery is always to find the most suitable content among all the possible ones. The search engines, nowadays, accept key words as input and generate as output a list of objects that contain these words. The quality of the results depends on the classification of the list. 

A semantic search has two main advantages compared with the traditional search: it accepts questions formulated in natural language and the result of these questions is a fragment of information that is sought. Semantic searching attacks the overload of information. It may have the potential of revolutionize the way in which we search digital information. It changes the paradigm of “search” to “content selection”.

6. Access-on-Demand to digital libraries for ubiquitous learning

A promising direction in the current eLearning strategies and activities points to contemporary ubiquitous learning through the involvement of digital libraries in the learning processes. Digital libraries are a contemporary conceptual solution for access to information archives. According to an informal definition of digital libraries, they are managed collections of information, with associated services, where the information is stored in digital formats and accessible over a network. Digital libraries contain diverse hypertext-organized collections of information (digital objects such as text, images, and media objects) for use by many different users. The main characteristics of digital libraries are ability to share information, new forms and formats for information presentation, easy information update, accessibility from anywhere, at any time, services available for searching, selecting, grouping and presenting digital information, extracted from a number of locations. Using these services depends on the user preferences, needs and wishes of the users, i.e. there is personalization available, contemporary methods and tools for digital information protection and preservation, ability to use different types of computer equipment and software, etc. [Pavlov and Paneva, 2005]
In the past digital libraries were isolated and monolithic systems limited to access to content of a single provider. The development of the technologies during the last years provides new functionalities and advanced services to contemporary digital libraries such as specialized services for multi-layer and personalized search, context-based search, relevance feedback, etc., resource and collection management, metadata management, learning content personalization and context awareness, content indexation, semantic annotation of digital resources and collection, etc. The new digital libraries will provide and manage complex services, processes and workflows on the basis of existing services. It is expected that these services will be heterogeneous, autonomous and distributed. The flexibility, the automatic adaptation, the access anywhere and anytime, the decentralization, the wide variety of digital objects and collections, the information security, etc. will be of the some requirements [Kiernan at al., 2003].
The usage of digital libraries in the eLearning requires the formulation of special features and principles that are to be met by the digital libraries so that the latter can be used efficiently as a source of knowledge. For example, digital libraries have to provide resources and materials on-demand to the end user. They also have to assure tools and technologies to support indexing, cataloguing, retrieving, aggregating, and creatively exploiting of different textual, non-textual and complex objects and resources. Moreover, the new eLearning trends dictate the implementation of tools for personalised preference-based access to digital libraries in which the user’s preferences will be used for filtering, extraction and aggregation of digital objects in order to reduce the volume of data presented to the user. The objects in digital libraries have to be segmented, annotated and semantically indexed so that metadata are attached to them and describe their content including semantic descriptions based on appropriate domain ontologies. The metadata has to be written with standard description languages and stored in an appropriate metadata repository that provides management services including efficient retrieval based on Boolean and similarity queries so that it will be possible to search for content satisfying various search parameters. A digital library that provides diverse content will be characterized by heterogeneity in original format, in digital format and resolution, and in the level of detail and format of descriptive information that is available to support access. In the face of great diversity of content and description, special problems attend to the development of a coherent approach to indexing and presenting retrieval results.  It is important that any approach allow all the information available to be used to aid the retrieval rather than force the user who wants to search across the entire resource to rely on some lowest common denominator of descriptive information. Moreover, digital libraries have to establish protocols, standards and formats to facilitate the use and assembly of distributed digital libraries and their resources. A real challenge will be the development of mechanisms, perhaps social expectations independently or in combination with technical means, regarding acceptable levels of access and use. Libraries would benefit from better estimate of costs and trends in cost for production and maintenance of a corpus of digital information i.e. it is important to develop economic models for the support of digital libraries.

LOGOS project – The project “Knowledge-on-Demand for Ubiquitous Learning” (LOGOS) aims to develop and implement a platform that combines learning resources, communication spaces and knowledge-on-demand learning services, and integrates web, digital television and mobile technologies. The project contributes to the openness for ubiquitous learning of the large-scale repositories of digitised text, graphics, audio, video objects and to the process of their transformation into learning content, adequately enhancing and facilitating the knowledge building. The project addresses innovative development of the main components of the learning processes – resources, services, communication spaces. New functionality of the learning communication spaces will be achieved by integrated web-, digital television and mobile technologies, supporting cross-media learning content. New eLearning management systems based on this integration will improve and extend the learning services within new consistent pedagogical scenarios.  The use of annotated and adequately structured knowledge from digital archives will enable lecturers/authors to participate in ‘open source’ content development from massive, dynamically growing learning resources [LOGOS].
The LOGOS project involves the multimedia digital library, named “Virtual Encyclopaedia of the Bulgarian Iconography”, for the implementation of the learning scenario “Access-on-Demand for studying of East-Christian culture and art” for ubiquitous learning in different learning contexts, through different modes and levels of integrated web-based and mobile technologies. This digital library is developed during the second stage of the project “Digital libraries with multimedia content and its applications in Bulgarian Cultural Heritage” by contract between the Institute of Mathematics and Informatics, Bulgarian Academy of Sciences (Mathematical linguistic department) and the State Agency for Information Technologies and Communications. The chosen digital library architecture is hypermedia digital library. The resources are digital objects of different formats—text, graphics, and other media. They are structured in a hypermedia manner, i.e., some digital objects point to other ones. In this way the user can navigate quickly, in a non-linear fashion, within areas of related topics, using the hyperlinks. In this stage the “Search” service aids the visitors in finding a certain object by the following criteria: icon title, author, period, type, school, region and location. The search can be conducted by one as well as by more criteria. Our current development is conducted on the idea to provide personalized and context-based search [Paneva at al., 2005] [Pavlov at al., 2005] [Pavlova-Draganova at al., 2006].
7. GRID technologies and services for learning environments. Learning GRID

The utilisation of currently available communication and information technologies has turned traditional location based education into location independent one. Nowadays, learning is equivalent to searching for sources and selecting the appropriate source to study from. The multitude of sources available on the Internet makes the selection of the appropriate source a rather difficult task. Learners need to access large volumes of data, most times distributed in many locations. Learners also need a variety of services available on demand that can be used and accessed from their environment to satisfy their learning needs. All of the above can be enabled by the utilisation of grid computing technologies.

Grid computing is a new technology for the flexible, secure and coordinated sharing of distributed resources and data. Grid technologies define a new powerful computing paradigm where the customer of the grid will be able to use his or her private work place (Workstation, PC, UMTS phone....) to invoke any application from a remote system, use the system best suited for executing that particular application, access data securely and consistently from remote sites, exploit multiple systems to complete complex tasks, or use multiple systems to solve large problems that exceed the capacity of a single one. Another interesting aspect of grid technologies is their support for resource sharing and problem solving in dynamic, multi-institutional virtual organizations. In this vision, the sharing does not mean simply exchange of data or files but rather a concrete access to resources. This “sharing capability” imposes the definition and implementation of well-defined resource management policies to specify what is accessible, from whom and under which conditions. [Gaeta at al., 2002]
The Grid was originally designed for e-Science and was primarily concerned with supercomputing applications, but the framework it engendered to realise effective sharing of distributed heterogeneous resources (OGSA: the Open Grid Services Architecture) is now being applied to many other areas, especially enterprise computing, e-Commerce, eLearning, etc. The Open Grid Services Architecture (OGSA) represents an evolution towards a Grid system architecture based on Web services concepts and technologies. For eLearning this allows the creation of learning grids – learning environments built on OGSA-compliant software and services. Learning grids promise to introduce a new quality of eLearning by:

· enabling collaborative learning with peer-to-peer communication,

· making computing-intensive visualisations or simulations available for the learners,

· giving access to real-world data and resources like virtual laboratories.

We see the use of the Grid to support a paradigm shift in pedagogy to advance effective learning as a natural step in the recent historical progress of technology enhanced learning: Internet -> Web -> Grid.

New learning scenarios enter the picture: the user-centred, contextualised and experiential based approaches for ubiquitous learning imply the full exploitation of location-transparent access to distributed services such as simulation environments, real-world input, 3D visualisation systems and digital libraries, in the framework of a virtual organization. This allows a transition from current content-oriented e-Learning solutions towards a user-centred, collaborative model. [Allison at al., 2004]

The next generation of learning grid solutions will increasingly adopt the service-oriented model for exploiting technologies. Its goal is to enable as well as facilitate the transformation of information into knowledge, by humans as well as – progressively – by software agents, providing the electronic underpinning for a global society in education, research, science (semantic aspects). These efforts are referred to the Semantic grid (Knowledge grid). [Allison at al., 2004]

ELeGI (European Learning Grid Infrastructure) is an EU-funded integrated project that aims at facilitating the emergence of a European grid infrastructure for eLearning and stimulating research of technologies to enhance and promote effective human learning. The project is supported by the European Community under the Innovation Society Technologies (IST) programme of the 6th Framework Programme for RTD. ELeGI promotes and supports a learning paradigm shift focused on knowledge construction using experiential based and collaborative learning approaches in a contextualized, personalized and ubiquitous way. This new paradigm is based on a learner centred approach, to replace the classical, content centred approach to learning. The learner plays an active and central role in the learning process. Rather than stressing the memorization of information, learning activities are aimed at aiding the learner in the construction of an autonomous, functional base of knowledge and skills. In keeping the learner at the centre of the learning process, personalisation/individualisation (creating and adapting learning paths according to learner’s previous knowledge, preferences, skills, preferred learning style), and collaboration (with other students, teachers, tutors, or experts) become relevant aspects to be supported by technologies through the creation of the appropriate context. [ELeGI]
8. Implementations of Innovative learning services 
ELENA project - The objective of the ELENA project is to demonstrate the feasibility of smart spaces for learning. Smart learning spaces are defined as educational service mediators, which allow the consumption of heterogeneous learning services via assessment tools, learning management systems, educational (meta) repositories and live delivery systems such as video conferencing systems or iTV. Central design element of the ELENA smart learning space is a dynamic learner profile, which includes learning history, learner specific information and learning goals. Interconnecting learning services in a smart learning space leads to an empowerment of learners since they become capable of choosing among a variety of knowledge sources in order to achieve their personal learning goals. ELENA prepares the grounds for the rise of educational service markets and new service value chains, which will allow institutions to treat the performance of educational services as a make-or-buy decision. A smart space for eLearning aims at managing the distribution and consumption of learning services via a personal learning assistant. Smart spaces for learning are built upon learning management networks, which connect various educational nodes that facilitate the provision of educational services. In ELENA project educational nodes are realized as peers of a peer-to-peer (P2P) network or network nodes of a learning management network. This P2P network is based on Edutella, a peer-to-peer infrastructure that aims at connecting heterogeneous peers with different types of repositories, query languages and different kinds of metadata schemata. On top of the learning management network personal learning assistants (PLA) interact with the connected peers to query for suitable learning services. A PLA supports learners in searching for, selecting and contracting learning services. PLAs can also trigger the delivery of services. Smart spaces for learning can be deployed in different scenarios, i.e. intra-organizational, extra-organizational, coalition, marketplace, or in open world. [ELENA]
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Figure 1: ELENA architecture for personalization services

MOBILearn Project - The MOBILearn Project offers Open Mobile Access Abstract Framework (OMAF), based on the layers of infrastructure and implementation profiles. The OMAF is based of the intensive study of the existing best practices among the Open Knowledge Initiative and IMS Abstract Framework. OMAF addresses conceptual layout of services for accessing knowledge and realising context aware and location based learning in a mobile environment for example via collaborative spaces. Multi-layer model of OMAF is composed by the following layers: Mobile Meta -Applications Layer, Mobile Applications Layer, Mobile Services Layer, Generic Services Layer, Infrastructure Services Layer, Service Access Points and Components Store.

The architecture provides all possible eLearning services and additional services to mobile users by enhancing learning management system (LMS) functionality in three aspects: “Context Discovery”; “Mobile Content Management and Presentation Adaptation” and “Packaging and Synchronization”. The “Context Discovery” automatically detects the devices’ capabilities and limitations (software and hardware) and check what services can be provided. “Context Detection” adds additional abstraction that can hide the details about the different physical methods of context discovery. The “Mobile Content Management and presentation adaptation” is responsible for selecting the proper services for the device capability and adapt them. The presentation adaptation can include adaptation of the structure, adaptation of the media format, quality or even type, etc. This subsystem is also used to adapt the presentation for auxiliary services, not only presentation of content. The “Packaging and Synchronization” subsystem is responsible for supporting disconnected scenario. During offline operations the subsystem continues tracking of the user activities and feeds back the statistics to the LMS. [MOBILearn]

SeLeNe project - The Self e-Learning Network (SeLeNe) project was funded as an EU FP5 Accompanying Measure (IST-2001-39045) running from 1st November 2002 to 31st January 2004. This project was part of action line V.1.9 CPA9 of the IST 2002 Work Programme, contributing to the objectives of Information and Knowledge Grids by allowing access to widespread information and knowledge, with eLearning as the test-bed application.
The SeLeNe project aims to elaborate new educational metaphors and tools in order to facilitate the formation of learning communities that require world-wide discovery and assimilation of knowledge. To realize this vision, SeLeNe is relying on Semantic Web technology i.e. semantic metadata describing educational material. SeLeNe offers advanced services for the discovery and sharing of suitable learning resources, facilitating a syndicated and personalised access to such resources. These resources may be seen as the modern equivalent of textbooks, comprising rich composition structures, "how to read" prerequisite paths, subject indices, and detailed learning objectives. [SeLeNe]
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Figure 2: SeLeNe Service Architecture

MUSIS project - the main goal of the MUSIS (MUlticast Services and Information in Sweden) project are to explore, identify and develop a number of innovative multicast services with multimedia information to be distributed over wireless networks using multicasting solutions at university campuses. Other objectives are: 

· to create an innovative model for content creation and distribution consisting of end users, telecom operator and technology provider;

· to integrate a carrier-grade multicasting platform that enables economic real-time broadcasting of rich media content on 2.5G cellular networks, to an unlimited number of cellular, using a minimal and limited amount of shared bandwidth.

The project aims to go beyond the basics of media delivery and to look at second order service models which involve interactivity and location-specific content. [MUSIS]
9. Recommendations and scenarios for the future ubiquitous learning
This paper aims to make an analysis of innovative learning services in ubiquitous Web, interactive TV and mobile applications for non-formal settings. Many issues for further development have also been identified. More generally speaking, the future of ubiquitous learning requires:

· Development and implementation of knowledge-on-demand ubiquitous learning platforms, integrating learning resources and communication spaces through knowledge-on-demand learning services. The knowledge-on-demand learning services could provide semantic-led access to the virtual repositories, multilingual support and flexibility in order to produce personalised re-usable learning materials.
· Development of new educational and organisational models for integration of web-based, DVB-based and mobile devices delivery of learning materials that focus not on the channel alternativeness, but on their integration and mutual complementarity.
· Development of new standards and abstract architectural models for these integrated communication spaces.

· Production of interactive audiovisual learning content that takes maximum advantage of the new capabilities of networked electronic media in order to integrate all citizens into Information and Knowledge Society.

· Realisation of more economical and more easily usable tools for content production. 

· Realisation of a modern learning environment providing autonomous on-the-fly learning content adaptation, with no human intervention. Adapters should be capable of self-description and a pervasive support infrastructure should take the appropriate context-based adaptation decisions, without affecting the design and implementation of multimedia servers and client applications. 

· Involvement and implementation of Semantic web technologies in the ubiquitous learning processes, i.e., development of models for eLearning semantics, ontologies, ontological metadata, advanced methods, tools and services for knowledge annotation and indexing, etc.
· Development of advanced automatic analysis and recognition tools and systems for audio visual learning content capable of generating highly semantic metadata in a very fast and reliable way. Target services include audiovisual delivery over fixed and mobile networks (TV, VoD) and all associated functionalities, personal content management, professional content management, etc.

· Development of new standards and models for learning metadata descriptions.
· Wider usage of large-scale repositories of digitised text, graphics, audio, video objects, viz. multimedia digital libraries, as a source of digital knowledge, etc.

The new ubiquitous learning solutions will be driven by the following scenarios:

· Learning will be realised in different learning contexts, modelling learning process and learning materials by considering different ways and phases of cross-media authoring, access, delivery, study and assessments through different modes and levels of integrated communication spaces. 

· Personal environments will be populated by personal communication and computing devices, accessories, wearables, implants. eLearning services will be adapted to the user’s individual situation, location and preferences.

· Mobility and ubiquitous access will be a key challenge for in-field job training needs.

· Learning demands high bandwidth broadband, it calls for new high quality graphical environments, it stimulates the introduction of new and innovative services in digital content and software.

· Business environments will benefit from eLearning solutions creating a competitive advantage for European business and will especially facilitate SME’s exploring new markets.
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