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Abstract

Following the case of the Internet, Interactive digital TV (iTV) is expected to revolutionize the education and the current learning practices through the approach of iTV-based learning (t-learning). Because of that there arises the necessity for a concise, detailed, and precise presentation of the t-learning in order to popularize and facilitate the endorsement of it. This article aims to present the main issues of interactive TV-based learning and two basic models for eLearning by means of iTV technology. A set of iTV standards and their role as a regulatory framework for iTV educational applications are included. 
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1. INTRODUCTION

With the advent of digital networks, the world of TV as we know it -- mass-media broadcast -- is undergoing tremendous changes. The increase of the number of available channels, the convergence of TV and Internet, and the proliferation of new interactive services will transform the TV box function from a program watching device to a portal towards all kinds of content and services.

The next TV era will revolve around sophisticated set-top boxes integrating viewing, listening and recording functionalities, connections to several sources (Internet, cable, and satellite), games, as well as communication features. 
Television plays a major role in society. It has an impact on nearly everyone – informing, entertaining and educating. However, most aspects of learning through a TV tend to be informal, or what is sometimes described as ‘edutainment’ (a mix of education and entertainment). With the exception of a few schools’ and Open University-focused educational programmes there is very little specifically structured and engaged learning. Until recently, television was generally a passive medium, but digital TV is starting to enable new forms of interactivity with viewers. New technologies are starting to offer opportunities, within some learning contexts, for appropriate and sustainable enhanced learning opportunities in the home – moving from edutainment to more engaged learning.
However, the early developments of interactive digital TV failed to live up to expectations in creating new learning opportunities. The UK leads the world in the uptake of Digital TV but has also experienced the problems associated with being a ‘first mover’ – mistakes over certain aspects of the business that have not been sustainable; lack of standardisation that has resulted in incompatible systems and fragmentation of services. 

This has made it difficult for those in education and training to identify the best way forward. However, now is a good time to reconsider interactive TV for learning in the light of a major government push towards making e-government services accessible via digital TV.

This article aims to present the main issues of interactive TV-based learning and two basic models for eLearning by means of iTV technology. A set of iTV standards and their role as a regulatory framework for iTV educational applications are included. 
2. learning in the home
2.1 Definition of learning

Emphasising the complexity of the learning process, a wide definition of learning has been put forward by the Campaign for Learning that defines learning as: -

"A process of active engagement with experience. It is what people do when they want to make sense of the world. It may involve an increase in skills, knowledge or understanding, a deepening of values or the capacity to reflect. Effective learning will lead to change, development and a desire to learn more" [19]. 
Moreover, in order to tease out the different aspects of learning, one relatively conventional European and North American way is to categorise learning activity into three types – formal, non-formal and informal education:

Formal education refers to systems of organised learning that are 'hierarchically structured' and 'chronologically graded' (from first school to higher education).
Non-formal education is any organised educational activity outside the established formal system and has identifiable learners and evident learning objectives. 

Informal education is “the truly lifelong process that allows individuals to acquire knowledge, skills and values from daily experience” [20] with the principal sources of learning including the home, work, friends and media. Probing further into informal learning it has been suggested that it can be either intentional or incidental. However, it has also been suggested that informal learning can be planned or unplanned, but it usually involves some degree of conscious awareness that learning is taking place. Whereas incidental learning, on the other hand, is largely unintentional, unexamined and embedded in people's closely held belief systems. 
2.2 Home as a place for learning
One UK-based survey (2000) found that the home was the third most important location for learning after the workplace and college or university [21]. Learning at home allows the students to learn when they want and at their own pace. They can study a wide range of subjects through distance learning at any level including degree courses and beyond. Learning at home, or distance learning, can be ideal if the subject students are interested in isn't available near where they live, or they prefers the flexibility and freedom of learning in their own time. The students learn by reading course material, working on course activities, writing assignments and perhaps working with other students. Learning can be supported by a tutor and the student services. Learning from home makes use of a variety of media to help with teaching, studying and communication between students and tutors. Weekday mornings are the preferred time for most for participating in learning activities. 

Role of the family and the aspiration of parents

When looking at the role of the family in the home it is considered that: “The family is crucial to providing learning and a positive (or otherwise) learning environment. 50% of a child's intelligence and learning ability develops by the age of four, and 80% by the age of eight. The family is much more important than the school for translating this into measurable achievement. Differences between 'good' and 'bad' schools account for far less than features of the family or home” [19]. 
Three key issues emerged that reflect the parents' more general orientations towards education:

Home tutoring - Several 'anxious' parents felt they were being pressured to pay for home tutors for their children, largely as a result of increasing competition at the point of secondary transfer. Many felt they were doing so against their wishes, but that the level of competition was intensifying.

Homework - Several parents felt that children were being set increasing amounts of homework; and some argued that this was unnecessary. However, some 'anxious' parents were pressurising the schools to increase the amount of homework.

Supporting homework - Supporting homework posed particular difficulties for single parents and working parents. Several complained about the demands on their time; while some felt unable to support their children because of a lack of knowledge about the content, or because they did not know how to intervene.

In general, the research found that while some parents were enthusiastic about their role as educators, others insisted that they did not wish to be regarded as teachers. None, however, appeared immune from the feelings of inadequacy and guilt that appeared to surround this issue.

Using educational media

The survey also found that families' uses of educational media were largely dominated by the wish to support schoolwork. However, the children were primarily interested in the 'entertainment' aspects of these materials: 'education' was frequently associated with being 'boring'. Parents were more ambivalent, although ultimately they were pragmatic: they accepted that their children were unlikely to enjoy a didactic approach to education in the home, and that they would often leave materials unused or unread for this reason.

Another survey that looked at educational media in the home found that:

· Home computers and Internet access were more likely to be found in middle social class families. They were significantly less available in single-parent families and in families where parents were unemployed.

· By contrast, ownership of computer games consoles was significantly higher in households where one or more parents worked in manual occupations.

· Boys were more likely than girls to have access to media in their bedrooms, although these differences were not as large as differences due to age.

· Children with parents in manual occupations were more likely to have VCRs, TVs and (to a lesser extent) computers in their bedrooms.

· Households with non-working parents, and single-parent households, were less likely to buy educational software, to use educational websites, or to buy information books.

· Boys were more likely to play computer games than girls, whereas girls were more inclined to read and listen to music. Parents of younger children were more likely to help with homework, as were middle-class parents.

2.3 Learning through Television

Television viewing habits - According to a research involving 11,000 children and young people in 11 European countries and in Israel, which examined their use of old and new media - television appears to be the major focus for family interaction across Europe, despite many families now owning a number of different sets which may be watched independently [1]. The research also confirmed that the incorporation of television into the routines of daily life is more complete in families of lower socio-economic status compared to families of high socio-economic status, where television viewing is more selective: the set is turned on for particular programmes, rather than left more or less permanently switched on as it often is in families of lower socio-economic status. 

Behavioural effects of television - three major mechanisms for the behavioural effects of television appear to have been identified - imitation, arousal, and disinhibition. Imitation, or learning through observation, is a mechanism that has been proposed by the social learning theory. According to this theory, behaviour performed on television is being observed and imitated by the viewers. The concept of arousal has also been used to explain the effect of television on behaviour. Arousal has been defined as a unitary force that energises or intensifies behaviour that receives direction by independent means. A third mechanism - disinhibition - considers that repeated exposure to socially sanctioned behaviours may increase the likelihood of viewers to let go of the constraints on their actions and to demonstrate such behaviour.

Attitudes, Beliefs and Values - There appear to be a large body of research that suggests that television has an important impact on people’s attitudes. But exactly how television exerts this influence appears not to be well understood yet.

Knowledge - Despite television containing a lot of factional information, there also appears to be little research into the effect that it has on people’s knowledge base. 

Cognitive Skills - Television appears to have an effect on viewers’ spatial abilities, imagination, and task perseverance. It has been demonstrated that watching slow zooms into the detail of a large picture teaches children visual analytic skills. It has been suggested that formal features of television (such as camera movements) can model cognitive processes for the viewer. Another possible mechanism is that television may help activating already existing mental skills in the viewer. It has also been argued that television may provide viewers with a rich storehouse of visual images that they may draw upon when engaged in imaginative thought. Therefore, it could be argued that access to a rich storehouse of visual images though TV on-demand could help to develop mental skills. 

Interactivity and Learning - Interactivity in learning is considered "a necessary and fundamental mechanism for knowledge acquisition and the development of both cognitive and physical skills" [22] and that interaction is intrinsic to successful, effective instructional practice as well as individual discovery. It is also argued that “making automated learning environments highly interactive is a multi-disciplinary art ... however, the level of interactivity as measured on anyone's scale does not approach the level of interactivity in a human tutoring situation” [23]. Therefore, the challenge is to make best use of the technology, not to replicate human behaviour and communication, but to enhance human-computer (or TV) communications through a better understanding of the use and implementation of interactive events.

Drawing upon a number of sources of research, interactivity could be divided into operational interactivity and conceptual or cognitive interactivity. 

Operational interactivity refers to a functional activity: entering information through a keyboard or remote control; the resultant response from the system and the elements that are required to make up that function.

Conceptual or cognitive interactivity refers to the learning processes that take place as a result of carrying out a specific interactive operation. Other work seems to suggest that with a learning activity, a distinction can be made between one in which the learner is learning from (instructivist) and one in which the learner will learn with (constructivist).

Current pedagogy associated with education reform appears to be based around the concept of “constructivism” that is based on the premise that a person constructs their own understanding of the world they live in by reflecting on their own experiences. Each person generates his or her own “rules” and “mental models” that they use to make sense of their experiences. Learning, therefore is adapting to mental models to accommodate new experiences. 

Clearly, operational interactivity is there to support conceptual or cognitive interactivity. Therefore, drawing upon computer-based learning work from the instructional designer’s perspective the following levels of what could be described as operational interactivity have been identified: 

· Object interactivity - refers to an application in which objects (buttons, people, things) are activated by using pointing device. When a user "clicks" on the object, there will be some form of audio-visual response. The functionality of such objects can vary according to consequential factors such as previous objects encountered, previous encounters with the current object or previous instructional performance/activity.

· Linear interactivity - refers to applications in which the user is able to move (forwards or backwards) through a predetermined linear sequence of instructional material. Often termed “electronic page turning”, this class of interaction does not provide response-specific feedback to learner actions, but simply provides access to the next (or previous) display in a sequence.

· Support Interactivity – ability for a user to receive performance support that may range from simple help messages to complex tutorial systems.

· Update Interactivity - relates to individual application components or events in which a dialogue is initiated between the learner and computer-generated content. For this concept, the application presents or generates problems to which the learner must respond; the analysis of the response results in computer-generated update or feedback. 

· Construct Interactivity - an extension to update interactivity that requires the creation of an instructional environment in which the learner is required to manipulate component objects to achieve specific goals. 

· Reflective Interactivity - allows the current user to compare their response to that of other users as well as recognised "experts". 

· Simulation Interactivity - extends the role of the learner to that of controller or operator, where individual selections determine the training sequence. 

· Hyperlinked Interactivity - the learner has access to a wealth of information and may "travel" at will through that knowledge base. 

· Non-Immersive Contextual Interactivity - This concept combines and extends the various interactive levels into a complete virtual training environment, in which the learner is able to work in a meaningful, job-related context.

· Immersive Virtual Interactivity - provides an interactive environment in which the learner is projected into a complete computer-generated world which responds to individual movement and actions.

Understanding interactivity and its role in the learning process is very complex. It can be approached from a large number of different perspectives and this short review has only been able to cover a few perspectives and suggest just one way forward in order to try to gain a better understanding of how interactivity through new TV solutions could enhance learning opportunities.

3. t-learning: elearning trough interactive digital tv

3.1 Role of interactive digital TV within an eLearning strategy

There are a number of very good reasons why it is important to consider the role that interactive digital TV plays within a broader eLearning strategy [1]: 

· Most people have access to a television in their home.

· Not every household will have an Internet-enabled computer.

· The TV is an easy-to-use device.

· People tend to trust the content that is on the TV.

· The TV has the potential for reaching more people and offering more learning opportunities than traditional learning institutions can do.

When looking at the role of interactive digital TV there are some of the key issues that need to be addressed:

· How to turn a passive viewer into an active learner?

· How can learning opportunities be made more accessible in the home as and when required?

· How to bridge the gap between “edutainment” and “engaged learning”?

· How can learning support systems (human and electronic) that help to enable engaged learning be integrated within a TV-based learning environment?

· What types of interactivity are needed to enhance the learning experience through interactive digital TV?

This material aims to stimulate thinking about the changing role of TV as it starts to move from a mass to a more personalised medium. Modern digital TV could create new opportunities for personalised learning throughout lifelong learning. Aimed at policy-makers and managers, it describes how current and near-future developments could create a new role for the TV in bringing more personalised learning opportunities to the home. Although this material focuses solely on digital TV developments and particularly interactive digital TV, any strategy has also to take into account other developments like the use of an Internet-enabled computer. eLearning strategies to date have tended to focus on the use of an Internet-enabled computer, so this material aims to raise awareness of the role of digital TV within an overall learning and eLearning strategy. This is particularly important in the broader context of policies to ensure social inclusion, equality of access and bridging the gulf between those with access to new technologies and those without.

3.2 What is t-learning?

The term “t-learning” has been adopted as shorthand to mean TV-based interactive learning. T-learning is about having interactive access to video-rich learning materials primarily within the home, through a TV or a device more like a TV than a personal computer. Like the TV, the device would have to be a so-called “consumer” device – which is easy to use and as reliable as a television, a microwave or a refrigerator.

Although the phrase “eLearning” currently tends to be used to mean learning via the Internet using a personal computer, it could be used to mean any form of learning using an electronic digital connected device. Thus t-learning is really a subset of eLearning – with access through a home-based TV or similar device but could significantly enhance the learning experience in a way that Internet-based eLearning cannot currently do.

Of course, t-learning need not take place in the home, but if it is accessible in the home, it could equally be accessible from another fixed location like the school or workplace or a community-learning centre.

The development of eLearning has been dependent on computer hardware/software and Internet service providers making products standardised and cheap enough for people to buy. Delivery of content is now generally easy but not always very reliable – requiring a reasonable technical knowledge to operate the computer. In a somewhat different way, t-learning is very much dependent on the development of highly reliable, easy-to-use consumer devices but using proprietary or standards compliant hardware, software and networking infrastructures [1].

3.3 The learning business and the potential of Interactive Digital TV

When considering the TV for learning, it is wrong to assume that this is likely to be just the domain of educational broadcasters or even general broadcasters. Despite the high quality of productions, with some programmes highly valued by schools, educational broadcasting has generally failed to have a major impact on the quality of learning experiences. The logistics of accessing content when required and in an appropriate format have always been a major barrier. However, some useful lessons can be learnt from educational broadcasting for the next phase of interactive TV-based learning.

Television viewers expect compelling, visually rich content – using experts from all over the world, providing simulations and graphics far superior to those generally available in a traditional learning environment. Until recently the content had to be broadcast to millions to justify costs. However, the repackaging of content and the development of personalised TV services is starting to create new opportunities for bringing ‘visually rich, on-demand content’ to the viewer.

Interactive digital TV (iTV) is based on consumer devices that are stable and relatively easy to use. If there is a problem with the service the user can generally telephone a helpline and get the problem solved. This compares well with Internet-enabled computer use – where many service-providers (hardware, software, Internet service, website service) may need to be contacted before a problem can be diagnosed and then solved.

Online learning via the Internet already offers a good deal of interactivity and learning opportunities can be available on-demand. The current limitations on delivering high-quality, video-rich content will disappear in the next few years. But the stable, trouble-free user environment is only likely to surface when lessons are learnt from consumer devices like TVs and games consoles. The convergence of TV technologies with computer technologies will eventually offer solutions. The digitisation of learning content is enabling components or objects that make up the learning experience to be more easily assembled, disassembled and reassembled. The tagging of these learning objects enables them to be tracked and makes searching for specific components easier.

Despite the slow developments towards personalised TV, the time is right to start creating new, more personalised learning opportunities in the home via TV. This is likely to be a more fruitful way of widening access and participation in learning in the medium term than just focusing on the interactive TV offerings available through ‘broadcast TV’ [4].

4. Digital television
4.1 Ways to receive digital television

Up till about 4-5 years ago most TV signals were broadcast in an analogue format. However, nowadays a large number of TV channels are broadcast in a digital format via satellite, cable and terrestrial. As most TV sets can only receive analogue signals a “set-top box” is required to receive the digital signal using a digital tuner and then convert the signal to an analogue format for viewing on the existing TV. The set-top box is connected between the TV and the source of the signal [1]. 

Digital television is not specific to any particular system of delivery – it can be provided by cable, terrestrial (over-the-air) broadcasts or via direct satellite-to-the-home transmission [1].

Digital TV through an aerial (digital terrestrial television – DTT) - Digital TV can be received using a normal rooftop TV aerial. You will need a set-top box to go with your existing TV set, or you can buy a new digital TV set which is designed to pick up the new digital signals.

Digital TV using a dish (digital satellite) - For those households receiving digital satellite broadcasts, a satellite dish is also required. This could be a fixed dish pointing to the appropriate satellite transmitting the digital broadcasts they want to receive. Alternatively, it could be a steerable dish - however, some satellite broadcasters claim that if the dish is not permanently pointing to their satellite, software upgrades to the set-top box may not be possible. The satellite towards which the dish needs to point varies from country to country.

Digital TV delivered by cable - Digital TV broadcasts via cable are only possible if the house is in an area that can be connected to a cable network which is broadcasting in a digital format. The cable operator would usually provide the set-top box and would also make a simple connection to the cable network.

Digital TV can roughly be divided into two types:  Broadcast or Scheduled TV and Personalised TV. In the short term everyone that has a TV will continue to be receiving broadcast or scheduled TV with a tiny percentage receiving personalised TV. However, increasingly over time personalised TV services will start to become available and eventually most people will receive a hybrid of both types of services in the medium to longer term. In the longer-term it is likely that the majority of people will use their TV most of the time for personalised on-demand services occasionally receiving live broadcasts for major events.

4.2 Service Functionality

Flexibility - The principal benefits of digital television and data-casting are:

· Improved picture quality of HDTV (High Definition TV), otherwise SDTV (Standard Definition TV) offers a picture quality  approximating that of existing analogue television or VCR playbacks;

· Improved audio quality;

· An opportunity for the service provider to conditionally control access by the end-user, and in so doing establish a subscription and pay-per-view business that compensates for the cost of delivery and production;

· Substantially increased capacity for the transmission of both video and data signals (though, in reality, video signals are merely another form of data) which can be treated by computing means within the end-user’s receiving equipment to provide additional program-related or -unrelated information and to simulate an interactive experience for the viewer.

The service flexibility so offered allows the production of a range of program types: for example, only a picture; a picture with a prompt that provides the viewer with additional information; a picture with overlaid information; information with an inserted picture (still image or video); and lastly, information only. Once the relevant data is inserted into the transmission stream of the service provider (TV broadcaster, data-caster), it is subsequently extracted by a set top box (STB) or tuner/decoder within a personal computer (PC) and displayed on either a television screen or PC monitor. 

Once television and data signals are digitised and then transmitted and received digitally, coupled with a computational capability at the viewer’s end, digital television and data-casting present a greatly increased opportunity for improved reception and new services – including the holy grail of ‘interactivity’.

Interactivity - This flexibility also offers various styles of interaction between the viewer/user and the content or service provider, ranging from none to significant, in real time or not. Despite broadcast television being inherently a one-to-many medium, it is possible for an individual user to perceive a degree of interaction through one or more means:

· Via relating to additional data previously or immediately downloaded (possibly stored within the STB, television receiver or PC) but without any return channel; for example:

· “Tell me more" applications: the user can interrogate data already downloaded about a program but not displayed and hence gain the impression of immediate interaction;

· Surfing a Web site or catalogue chosen from a range previously selected by the service provider.

· Via relating to data that has been individually addressed to the user and/or transmitted by the user back to the service provider (probably involving return channel communication  using the public telephone network, either in real time or delayed); for example:

· Providing a response to pre-arranged questions (e.g. a competition or examination) for example a correct answer, when compared to locally stored data, is communicated back to the service provider perhaps some hours later;

· Placing a bet,  testing, voting, playing a game, shopping or making a financial transaction that needs to be transacted in real or near-real time;

4.3 User Equipment

The set top box (STB) - For all delivery mechanisms a digital STB has to be connected between a normal TV and the incoming signal. STBs act as a gateway between your television or PC or PC-TV and your telephone, satellite or cable feed (incoming signal). In terms of Digital TV and Interactive TV, the STB receives encoded and/or compressed digital signals from the signal source (satellite, TV station, cable network, etc.) and decodes (and/or decompresses) those signals, converting them into analogue signals displayable on your television. The STB also accepts commands from the user (often by use of a remote control keypad or keyboard) and transmits these commands back to the network, often through a back channel (which may be a separate phone line) [6].

STBs can have many functions such as television receiver, modem, game console, Web browser, a way of sending e-mail, Electronic Program Guide (EPG), CD ROM, DVD player, video-conferencing, cable telephony, etc. Many STBs are able to communicate in real time with devices such as camcorders, DVDs, CD players and music keyboards. STB usually provides the means by which only registered users can access the digital broadcasts - this is known as conditional access.

Set-top boxes are usually computers that process digital information. These typically have on-screen user interfaces that can be seen on the TV screen and interacted with through the use of an hand-held interactive keypad, which is little more than an advanced remote control. These are also known as control devices. STBs also have facilities for upgrading software such as browsers and Electronic Program Guides (EPGs). The STB is also likely to be equipped with a degree of storage capacity for the downloading and caching of data-casting data, plus the user component of a conditional access system designed to prevent unauthorised reception of programs or data-casting services. Some have smart card slots to put your smart card into for purchases and identifying yourself to your cable, satellite TV provider. A keyboard, printer access and/or modem for return channel communication are likely to be included as options or standard facilities in more advanced versions.

To provide interactive services, the set-top box, from the standpoint of its hardware, needs four important components: a network, an interface, a buffer, as well as decoder/synchronization hardware [6]. 

· The network interface: Allows the user to receive data from the server and send data back to the server, in a manner that it can be understood by the server.

· The decoder: In order to save storage space, disk bandwidth, and network bandwidth, movies are usually encoded before they are sent over the network. Thus, the end-users need a decoder to decode the incoming stream's data before it's viewable. This is part of what a modem does. The decoding process is sometimes known as demodulation or heavy lifting. 

· The buffer: Due to delay jitters in the network, the arrival time of a video stream cannot be determined exactly. In order to guarantee continuous consistent playback for the viewer the stream is often received one or even a few seconds before it's actually seen by the end-user. This way if there are fluctuations in the transport time of the video stream to that receiver, the viewer won't know the difference as their buffer has a bit of time to spare. 

· Synchronization hardware: Remember that a movie consists of both video and audio streams. They must be synchronized with each other before being viewed. 

To provide interactive services, the set-top box, from the standpoint of its software, needs the appropriate Platform, Middleware and Software.

· Platform - (Sometimes also known as "ITV client") - Some popular ITV Platforms are: ImagicTV, Liberate, MEDIAHIGHWAY, MHEG-5, Microsoft TV Foundation Edition, MSNTV, Myrio, OpenTV, PowerTV, WebTV, Worldgate, etc.
· Middleware - In terms of ITV related, that would often be software that provides services that occur between the server and end-user. This includes software that connects two separate applications together. This is particularly necessary as there are a number of different programs, platforms and software in use that are all oriented to the same goal of providing ITV.

· Software - This is software that adds features to the set-top box that it often does not need to operate, or at least operate minimally.

Display devices - The consumer entertainment market is undergoing rapid change with a proliferation of devices, such as: analogue television receivers, VCRs, DVD players, games consoles, pay television STBs and PCs. Digital conversion STBs and digital television will also be added to this array of receivers. Remote control devices and keyboards further complicate the scene. Television receivers traditionally occupy a communal room in residences whilst PCs are often located in more private rooms.

4.4 Digital TV features and their applications in education and training

As Digital TV encompasses a very wide range of possible services, the following outline is a summary of all the features, irrespective of whether they will become a commercial reality. From this analysis, it may be possible to assess which combination of features provides the most robust and attractive system for education and training [7].

Digital TV and standard STB, remote control, terrestrial, satellite or cable delivery

This is the standard service expected for digital television. The features include: high quality picture and sound, electronic program guides, program enhancement, multicasting, radio program services, data downloading and near video-on-demand.

High quality television picture and CD sound - As a standard broadcasting service, this adds nothing new to current analogue broadcasting services except that the picture quality will have a sharpness and depth similar to DVD. The sound quality will also be improved considerably, benefiting music programs and films. Individual programs can be highly educational, particularly documentaries and language teaching. However, digital television has the same problem as an analogue service: there is no programming flexibility, no communications system and limited viewer interactivity, To overcome this limitation, service providers add a 'back channel' of phones, faxes, emails or print material. In most cases, the programs are recorded by a VCR for use at another time.

Electronic program guides - Either weekly program guides specific to one broadcasting service or across all broadcasters will result. Electronic program guides are very powerful promotion tools, and the control over them is often critical to the success of programs on the large number of services that may become available. The electronic program guides have a search function similar to the Internet search engine. When a program type is selected, those programs presented at the top of the list will be more likely to be viewed. It would be important that any educational/training services broadcast on digital television are included in these electronic program guides in a way that gives them a high priority listing.

Program enhancement - Program enhancement can come in a number of forms: picture only, picture with prompt for additional information, picture with overlaid information, information with inserted picture, information only. It will be necessary to discuss each of these forms of program enhancement separately, even though broadcasters will use a combination of all the forms.

· Video only

· Video with prompt for additional information

A 'button' is provided on the screen that when selected by the remote control will link to further program information. This additional material is broadcast simultaneously in real time with the video. The additional information may be text, images or even another video.

Commercial broadcasters see this feature applied in multi-camera events like sport programs, where the viewer may choose a camera to view different angles on an event, or to follow a particular player. Another commercial application may be a cooking show: select the button and the text of a recipe being discussed in the broadcast is viewed. Biographical material on the actors in a drama could be another application.

This enhanced information arrives simultaneously in real time with the video program. In other words, the viewer reads or views the additional information at the same time as video is broadcast. This information is not retrievable beyond the end of the broadcast program, as the next 'batch' of enhanced information is 'connected' to the next program.

The select 'button' is probably not very effective in education and training as it will be unclear to the learner whether the enhanced information is important or not. It also requires a two-step remote control operation to find the information and return to the full screen picture, disrupting the viewing.

· Video with overlaid information

In this case, additional information is screened at the same time as the video broadcast and overlaid over the picture. This is particularly effective for facts sheets supplying supplementary or annotated information accompanying, for example, a documentary or sport program. The text field may not be permanently positioned on the screen: text may be placed over the picture only when relevant. The sharpness of the digital television picture allows more text on screen.

However, the text needs to be fairly large, colourful and limited in quantity because the screen is viewed from 2 metres or more. Consequently, information in an abbreviated form is effective: statistical information for sport program, advertisements, racing results, lotto, etc. However, if the narrative content of the broadcast video is high, the enhanced material could be considered as very disruptive. This function may be useful when a specific point or issue needs to be highlighted simultaneously with the video transmission. Notes may accompany vision to provide explanations or additional information not portrayed within the video clip. For example, a program on team building may have very basic supporting notes and activities provided in addition to the video content. However, care needs to be exercised with regard to content and target learners as the enhancements could prove to be a source of distraction rather than reinforcement.

· Information with inserted video 
In this case, the text needs to be a sufficient size for clear reading from 2-3 metres. Reading large amounts of text on screen at the same time as keeping track of the video stream presents some difficulties. However, if the picture is animation, or a series of drawings, still photographs, or of a "talking head" making comments about the text material, the combination may work quite well. This function is effective where large amounts of content need to be presented. The video could be a source of distraction, unless it relates directly to the text material. Furthermore, people read at different rates and this would also need to be considered in the information design of the resource. However, if these considerations are built in, then this function could be effectively applied for example in language teaching (combinations of spoken word and written text), or where the video component is designed to illustrate the text.

· Information only

This function is currently broadcast as tele-text on analogue television. The only advantage of digital television is the clarity of the text image. News, weather, travel, stock market reports, lottery results, time, horoscopes, racing info, entertainment listings and some regional information are already presented, and this is expected to continue in the future digital service. Tele-text is based on the need to provide immediate and continually upgraded information, and this is not relevant for education and training. 

Multicasting - With the increased broadcast spectrum available to digital television, broadcasters will provide many channels or services. These will be accessed after paying a fee or subscription. Multicasting offers the opportunity for education and training providers to develop content, as broadcasters will be searching for additional material to broadcast. Education and training providers may be able to form partnerships with the broadcasters to supply content. The BBC has a special channel dedicated to education.

Data downloading - A broadcast service could offer data downloading. This data could be computer software or video and audio material, and the broadcast link would be connected to a personal computer. The service will be provided overnight when other programs are not being broadcast. It would be necessary of course to switch the broadcast the link from television to PC, and this may be seen as an impediment in providing this service. Learners would have the ability to download large amounts of data to their PC, which could be 'viewed' later. This would provide flexibility and asynchronous distribution of and interaction with educational content. It would be excellent for the distribution of larger resources - educational CD-ROMs, for instance.

Near Video-on-Demand (NVoD) - Using additional broadcast spectrum, a broadcaster may choose to broadcast the same program (film, sporting event) many times, but stagger each broadcast by 10 or 15 minutes. The viewer is able to view the program at a time that suits them, and if there is some viewing interruption (phone call or whatever), they are able to continue their viewing at similar point by switching to another (slightly delayed) channel. This feature allows for greater flexibility than a single broadcast. It would allow a teacher to "stop" the broadcast and address the class, and return to the same point in the broadcast (to another channel) when the instruction is completed. It would also provide more flexibility in scheduling the broadcast into a class timetable thus increasing viewing options. However, it is no more adaptable than a VCR recorder.

Digital TV, a set top box with memory storage, remote control

Digital television in the future will have a set top box with memory storage capacity, thus bringing the television closer to a personal computer. In addition to the services provided by a standard digital television service, this would provide the following additional features: games, multimedia downloading and video-on-demand.

Games - Games have been extraordinarily popular. The games currently provided by Nintendo, Sega and Sony use a dedicated console containing the game program and controller linked to the television screen. The current processors for these devices are quite powerful delivery high quality 3-D games with high levels of interactivity. It is unlikely that this level of game quality and sophistication will be reproduced on a Digital Set Top Box. It is envisaged that the first generation of games will be very rudimentary, such as Chess, Pinball, Cards, Tetris, checkers would be provided. This genre is fertile for developments in educational content. 

Multimedia download (music, CD-ROM) - As discussed above, this service of data downloading can be provided without a set top memory store, but it requires switching the broadcast link to a PC. In this case, this would be unnecessary as the set top box acts like a mini-computer. However, the memory capacity built into the set top box would need to be large to facilitate CD-ROM storage, and a level of RAM to drive it. A service of this kind would allow learners to download and access material when it suits them. Trainers could direct learners to download particular content that matches specific broadcast programs as additional resources.

Video-on-Demand - In the case, a viewer would select a video program from a menu and the down-would be sent off-peak. The memory capacity of the set top box would need to be very large. Alternatively, a device connected to the STB can digitally store the program. Video-on-Demand addresses many of the problems of real-time broadcasting. Educators could design learning programs including videos as content without having to depend on the learner viewing or recording it at a specific time, or being able to borrow it from a library/database.

Digital TV, STB with memory storage, back channel (phone- hard-wired or wireless, cable, satellite), remote control or infrared keyboard 
This system is known in the US as "interactive television". It has several features: "lazy interactivity", electronic commerce and electronic mail.

'Lazy interactivity' - 'Lazy interactivity' offers a limited form of interaction. The back channel is linked direct to the broadcaster. Programs envisaged with this type of broadcasting include polls, surveys and quizzes. In the first case, viewers can be asked to respond to various current issues. This type of yes/no response can be extended to surveying viewers about a whole range of life-choices - a service with high appeal for marketing agencies. Programs can also be designed to include the viewer in game shows, competing with studio panellists. A remote control would activate this interactivity. Educators could design content that capitalises on this feature. The yes/no, true/false or multiple choice response format typical of game show programs could be used as a powerful learning tool in disciplines where quizzes are already commonplace practice. The advantage here is that responses could be sent immediately via a back channel to a program provider and feedback could be given to viewers within the time frame of the program.
"Walled garden" - This service is called the "walled garden" because it offers access to a limited range of Internet sites - possibly up to 100. However, it may be more restricted than this, and provide the Internet site of the broadcaster only. It is similar to an Internet portal site, where a whole range of services are provided on the one site, but there would be no external links to the Internet at large. Special "sites" could be built that relate to specific programs. Broadcasters will be very selective about what sites will be included into their 'walled garden". Inclusion will most likely require a fee. However, for a training provider that is linked into a broadcasting service, this is a very powerful tool, as is offers the opportunity for a large amount of supplementary information to be provided in addition to the video program broadcast. Using the storage capacity of the Set Top Box, the information is accessible after and independently of the broadcast program. All linkage can be activated by a remote control.

Electronic mail - This service has been reasonably popular in the UK introducing people without computers to the advantages of electronic mail. Electronic mail has a similar degree of functionality to email provided by the Internet with its own interface and past messages are stored on the Set Top Box. It requires an infrared keyboard to activate. The broadcaster could act as the virtual ISP, or give this service to another hosting organisation. This service provides less functionality than an Internet-computer system. In particular, it has no software attachment facility that is one of the strengths of email on the Internet. Its only advantage is that a message can be sent immediately via email to a program provider that is responsible for a broadcast program.

Digital TV, back channel, Internet Service Provider, infrared keyboard, printer (Web TV)

WebTV is a platform providing connectivity to the Internet via the television monitor. This has been available in the US for some time using analogue television. The advantage of using digital television is the quality of the picture providing higher definition for text. 
Internet - WebTV will provide Internet connectivity. In effect, it is no different from PC-based Internet services other than the monitor is a television set. A printer can be linked to the STB, and navigation is via an infrared keyboard. WebTV may have a television broadcasting service included - a service the cable operators are able to offer. In this respect, WebTV provides a 'convergent' system. Not all sites on the Internet will be appropriate for Web TV, especially the small font, large volume text sites, as the viewing will be from a standard television distance. This will result in re-designing sites for Web TV services. WebTV will facilitate training applications similar to those currently provided online. However, information design will need to take into account the viewing range of television, and large volumes of small font text will be inappropriate. 

5. Interactive TV

The convergence of digital television and interactivity leads to Interactive digital television. iTV 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 Digital 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. Moreover, ITV permits consumers to combine the full motion TV with the interactivity and personalization offered by the Internet. Interactive television is a two-way interactive service provided through television, enabling audiences’ greater choice, control, and customisation over their viewing experience. Through new digital technologies, interactive television services such as video-on-demand, enhanced television, interactive program guides, and email are just some examples of the next generation of digital programming over cable, satellite and terrestrial broadcast television [3] [5].
It is the set-top box that tends to be at the core of controlling the various forms of interactivity. Signals are sent from a remote control device or sometimes a remote keyboard to the set-top box where they are processed in various ways. Sometimes, interactivity is only between content held in the set-top box or pulled down from the broadcast stream. If the set-top box is connected using a return channel like an existing telephone line, information can be sent to a central control that could send content back by via the telephone line or via the broadcast stream. Advantages / features offered by iTV are as follows [1]:

Detailed information&news update - iTV will enable viewer to have fast news and detailed information about current affairs and this will bring a new twist in the news industry as well, where people will be more informed about the latest happenings in the world. This will also result in more responsibility on the shoulders of the news men & reporters since people will expect high quality of information.

iTV as a learning technology – Interactive TV technologies have the potential to facilitate new methods of providing learning experiences to the home and the workplace. Many more digital channels can be broadcast than was previously possible with analogue systems. Programs will be cheaper to produce and broadcast, and the user will be able to interact in a number of novel ways. The combination of low cost and interactivity makes iTV an interesting proposition for educationalists and governments who need to find new systems for providing the increasing global and local demand for learning.

Programs details in guide - Viewers can have detailed description on demand of any program in grid or returned by search, etc. This will also help viewers in choosing and selecting the programs they want to watch, so that they can get the best for their time. 

3D works & Multimedia program/channel descriptions - It is expected that iTV will offer better animation extraordinary visual effects that create more interest for the viewer. iTV has better ability for displayed program and channel descriptions to include still images, video clips, audio clips, etc.

Search facilities - viewers can search on demand for programs by genre, performer, director, content advisory rating, closed captioning, etc. 
Advertising - iTV will have the ability of the program guide to include multimedia advertising, of both TV programs and other products and services. This advertising could be banner ads, larger still images, sound clips, video clips, or perhaps other forms. Advertisers can also offer personalized advertisements according to the viewer ship statistics and target market. It will be a great opportunity for the business world to take advantage of this digital interactive technology.

Personalization and Interaction - iTV makes television more than just watching programs and gives the viewer an opportunity to interact, participate, play and say what he wants to say. Therefore TV watching will be more fun and more entertainment and people will enjoy than ever before and it can be said that television will be personalized for the viewers. This will also give a better opportunity for the TV companies to understand the needs and wants of the viewers. 

T-commerce - It is also expected that iTV will also give a boost to television commerce (t-commerce).

Enhanced TV - A number of options are available for enhancing the viewing experience through the use of interactivity of existing TV programmes. Selecting options from a menu to get to additional information can be achieved by pressing one of the four coloured buttons on the remote control. This has been possible when watching the football World Cup in a number of countries that were offering interactive services. Whilst watching a football match, for example, it was possible to select a different angle, see a repeat of the last goal and get additional information about each team and the players. All these are enhancing the existing viewing experience. For example, viewers at home can now play along with their favourite game show, receive more detailed information about a documentary they are watching, or participate in the same problem solving adventures as the show's characters, all through their TV set.  Another thing users often are able to do using Enhanced TV is to shrink what they're watching to a desired size, and put it in the corner of the TV screen or monitor, thus being able to use the rest of the TV screen possibly for the Internet . Enhanced TV is one form of interactive television and it permits viewers to watch programs and interact -- at their own pace -- with extra features that are "fed" as program-related data within the actual broadcast signal. Viewers can decide if and when they want more information on a particular program topic as well as respond to a program question. With the use of a TV remote, a viewer can call additional program information at will, cast a response through their television, and instantly receive feedback and the collective responses of the audience as a whole. Every form of Enhanced Television has a requirement for hardware and software beyond what is available in a normal television. There are many different types of hardware "platforms" being deployed for various transports that make certain kinds of enhanced services possible.
Channel independent interactive services - Interactive services are also available independent of TV video channels. These services tend to be accessible via the interactive services button on the remote control or an infrared keyboard when the interactive services icon is displayed on the screen. 

The method used is really an advanced form of the method used to access tele-text. Upon selecting a particular option, a module is downloaded into the very limited memory of the set-top box. This usually takes a few seconds, as the viewer has to wait until that particular option becomes available from the broadcast carousel.
Interacting through the return channel - Another way of interacting is through the return channel. In the case of satellite and terrestrial this is through a telephone connection to the set-top box. For digital cable this is through the cable network. Utilising the return channel enables viewers to respond to questions through yes or no or multiple choice questions and also enables viewers to vote. Following the programme, viewers were given the opportunity to vote with their remote controls. The information was sent back via the telephone line connected to the set-top box. After the results were calculated, a panel of viewers had the opportunity to ask further questions interactively before the final "decision" on the infamous serial killer’s true identity was made in the second program. This same method can provide access to TV Internet – a more limited version of Internet that has been modified for easier viewing on the TV. It is also possible to send emails usually without the ability to attach documents. An infrared keyboard can be used to type in messages instead of the remote control.

6. Personalized TV

Over the next decade learners will increasingly have access high quality interactive multimedia learning services in their own homes. This will not just be via online computer systems. Access via Digital TV-based (broadcast and personalised) services is likely to be widespread. In fact towards the end of the decade it is very likely that these two mediums would have converged.

Personalised TV (PTV) is the viewing of live television programming in a manner that gives the viewer options such as [1]: 

· The ability playback recorded shows without commercials, or skip blocks of commercials;

· Send programs from one room to another between networked units;

· One-touch recording with on-screen channel guide (a type of Electronic Program Guide). 

· Recording programming is a lot easier on a PVR/DVR as compared to recording on a VCR;

· Pause, rewind, instant replay, slow-motion and frame advance, depending on the model, at a variety of different speeds;

· Record up to 320 hours of television before having to erase any previously recorded, stored shows;

· Store and view your digital photos on TV;

· Your PVR/DVR unit can automatically search for and record shows by keyword or theme
· You can use your remote to jump past the show's boring parts (a number of them anyway);

· You can program your unit while away from home using the Internet;

· Watch HDTV through it;

· Record as many as two programs at the same time while watching a third pre-recorded program, etc.

6.1 Content-on-demand type services 

Content-on-Demand type services for remote servers tend to be more commonly known as “Video-on-Demand” (VoD) services, but it is more than just films that can be requested. VoD is iTV service that enables television viewers to select a video program (often a movie like you would get from the video rental store) and have it sent to them (in a form called a "stream") over a channel via a network such as a cable or satellite TV network. The movie would store in the customer’s set-top's huge hard drive and the end-users would watch it off of their hard drive. The viewer can pause, fast forward, and so forth the movie (or whatever programming they're watching) like they would if it was running on their own VCR or DVD. This can also be known as interactive VoD. Essentially, VoD service uses a video server to store and deliver video files across the network. In general, there are two ways to deliver VoD services [1]:

· Through cables, satellites, or digital subscriber line to a television set-top-box, a specialized device with hardware-assisted audio-video decoding and broadband networking; or

· Through a personal computer with broadband Internet connections, where the PC acts as a receiver to decode and display digital TV formats.

Three competing technologies offer some of the capabilities of VoD at a lower cost:

· Near Video-on-Demand (NVoD) repeats a small number of popular programs at frequent intervals for large groups of users, but has no ability to pause or rewind the program. 

· Personal Video Recorders (PVR) such as TiVo pre-cache limited content on a hard drive in the viewer's set-top-box, offering full VoD functionality for favourite pre-selected programs.

· Internet streaming provides the choice and control of VoD, at a much lower quality because of the lower bandwidth. 

The first commercial VoD service took place in Hong Kong around 1990. The technology was not mature, Video CDs (Video CD or VCD is the standard method of storing video on a Compact Disc, playable in dedicated players and on personal computers) were much cheaper, and pay TV was not common in Hong Kong. 

System elements

A Video-on-Demand system has many elements that are necessary for the use of the complete service. This includes video servers, community network, switching office, set-top unit, and backbone network. VoD system providers will offer services which select the right technology, features, performance, price, reliability, and ease of use. Equipment is developed so that they will allow operating in different environments and in a variety of services.

Some applications of Video-on-Demand in education

VoD allows users to browse, query linked text and video databases, author video modules and play back the selected video over the network. This technology is likely to greatly enhance the availability of multimedia information to teachers and adds substantial value to the educational process. The benefits gained from using VoD include:

· Teaching material can be encoded and stored on media server, allowing simultaneous real-time access to the same piece of information for teaching in various locations.

· Information can be retrieved instantly from the media server at any time. No initial preparation such as moving the huge TV and VCR, pre-loading of the tape and connecting the audio/visual equipment is required.

· Seminars from other institutions, laboratory demonstration, training sessions and lectures etc. can be pre-recorded by the speaker or lecturer. These sources can be played back at any time during a class to supplement the classroom experience and open up the exposure of the students to a more diversified wealth of information.

· Forums or conferences held abroad could be recorded. Users can review at a later time, thus saving travelling time and expenses.

· VoD allows users to rewind and play back as if they are watching from videotape. This helps to facilitate better understanding of the taped material. 

· Material used repetitively (e.g. orientation information) can be loaded on the server. This helps to ease manpower limitation in arranging guest speakers.

6.2 Home storage 

Another way for the development of personalised services is through the use of personal digital video recorders (PVRs or DVRs). A PVR is basically a hard-disk with a lot of storage capacity for recording digital TV programmes that can be accessed through a menu with the ability to stop, start, pause, fast-forward and rewind at will. Depending on the software in the box there are various ways in which programmes can be recorded and selected for recording. However, this all depends on an electronic programme guide that is either updated in real time via the broadcast channel or is downloaded into the box via a telephone line overnight. This electronic programme guide not only contains information about each programme on the various digital channels but it contains additional information about the programme in the form of meta-data. This makes it possible to programme these devices to select a particular genre for recording or in some devices carry out keyword searches on forthcoming programmes [2]. 

6.3 Pushing content to local storage and pulling content from remote servers

Initially, the various digital TV related solutions emerged independently, but over time some solutions are starting to combine. This “push and pull” method is probably the first of combined solutions to emerge. It utilises the concepts of “in band” and “out of band” - where content needs to be distributed to large numbers of people, it is sent “within the bandwidth” that is the most appropriate to broadcast like satellite or digital terrestrial. However, when content is only required by a few people, it is sent “out of band” via a broadband connection – like DSL, digital cable, a broadband fixed wireless or a two-way broadband satellite connection. This means that the bandwidth available is utilised in the best possible way. Monitoring both methods of distribution enables the provider to switch from “out of band” to “in band” when the demand warrants it. 

A personal video recorder could be used in this way. It could store broadcasted programmes and also access more personalised content “out of band”. Two commercial solutions like this have already been announced for making content available for accessing via a TV. Both solutions started by delivering content on a computer.

Although no launch date has been announced for the TV-based service yet, it will enable video-rich content to be ordered via a dial-up Internet connection and it will then be broadcast via satellite by a guaranteed time and stored on the PVR/set-top for use at a time convenient to the users [2].
6.4 Meta-tagging

Increasingly important for all these methods of accessing personalised TV is the ability to “label” or meta-tag learning content so that it is more easily accessible. A number of solutions are starting to be commercially available. A critical aspect of mega-tagging learning content is the need for developments to be in line with the emerging standards for digital learning objects. The MPEG-7 standard provides a comprehensive metadata specification. [2]
7. Basic models for eLearning by means of iTV technology

7.1 ACTIONS model (Tony Bates)

Bates’s ACTIONS model [1] is based on the following criteria that can be used to evaluate different types of educational technology. These will be discussed in detail: access, costs, teaching and learning, interaction and user-friendliness, organizational issues, novelty, and speed.

Access - Many used the term accessibility in a limited sense to mean that those physically unable to attend an academic institution could “access their education from home”. This view of education as a utility, analogous to electricity or water, was more common in those from a broadcasting background. Bates (1984) has noted that, “Broadcasting skills will not necessarily carry over to the design of computer-assisted learning programmes” and goes on to suggest that such may in fact inhibit. It may be that the nature of broadcast gives the practitioner an unwisely delivery-based and pedagogical orientation.

The question of access is not simply one of where the student will learn if they use this technology but how well that context is suited to learning. There is a general assumption that learning from the home is desirable because it is a relaxing and familiar setting but in general this assumes a “room of one’s own”

The primary television room is not always the most suitable of places to learn and most Interactive TV systems can only feed one television. The majority of interviewees envisioned learning taking place in the family television room.

Cost - To the interactive television industry, where the major play is land grab, the calculation of complex capital and recurrent, fixed and variable costs for an educational service is a difficult and unfamiliar job. The vast majority of interviewees regard their educational applications as tests, trials or proof of concept demonstrations. Scalability and attendant problems and economies have been little considered. Issues such as optimum student numbers are a major factor. Only two of the interviewees had been involved in projects where the cost implications of real world implementation were considered.

Teaching and learning - An analysis of the way in which different media and technologies convey or transmit knowledge, leads to a consideration of both the presentational features of a technology and its potential to develop skills.  The presentational features of television make it good for linking concepts and principles to concrete knowledge but weak at representing abstract knowledge that must be primarily handled using language. Although the presentational requirements of the subject were not directly considered the majority of interviewers appeared to have a good understanding of the strengths and weaknesses of television in this area. Television has been effectively used to develop analysis and evaluation skills. Interactive TV systems have the potential to be used to develop skills usually associated with computer mediated learning, such as academic discourse and knowledge building. Most interviewees concentrated on applications to develop the skills of recognition and memory with less discussion of how to encourage analysis and evaluation. 

Interaction and user-friendliness - Distance education course designers use the term “interaction” to refer to interaction between the humans involved in the course of study including student, tutors, facilitators and administrators. The question of how much Interactive TV can improve this communication is a difficult one. Although communication networks can be set up, the majority of interviewers have not regarded this as a priority.

The change from mass media to private media began with the invention of print allowing people to use media individually rather in a public space. This continued with the development of radio and TV and the resulting atomization of media use is an important theme in both interactive TV development and Distance Learning provision. In both cases the general emphasis has been movement away from groups and towards the individual.

Distance learning provision has tried to resist the problems of atomization by moving from a concentration on content towards a social approach. As Bates has said, “Once learning moves beyond the recall of facts, principles or correct procedures, and into the area of creativity, problem-solving, analysis, or evaluation…learners need interpersonal communication, the opportunity to question, challenge and discuss.”

Communication with other learners is a motivation as equally powerful as communication with tutors. Interactive TV systems have the potential to play a part in the social aspect of learning. Unfortunately most Interactive TV industry executives envisage learning services being used by single learners and have not considered the social aspects of learning. Most of the interviewees had been involved in one of the following:

· Ergonomic design of handsets and/or keyboards;

· Focus group analysis of services.

Only three employed full-time usability staff and none had been involved in more detailed in-context experience analysis such as ethnographic research.

There were no projects that contained serious evaluation of the effectiveness of the learning materials. When content that had previously been evaluated in a different medium was used there was no consideration of comparative evaluation.

Organisational issues - What changes in organisation will be required to facilitate the educational use of Interactive TV technology? -The majority of interviewees saw this question as a matter for educational establishments and governments and not for the Interactive TV industry.

Issues such as support for content developers, knowledge dissemination and training, and organisational re-engineering have been little considered as yet.

Novelty - The “trendiness” of technology can often drive its development by attracting external investment, stimulating innovation and increasing customer demand.

There are dangers here however and the question of sustainability is a crucial one when considering education budgets. The costs of capital investment in technology and subsidy of transmission are usually trivial compared to the costs of course production and educational support.

Past experience has shown that enthusiasm for new technologies in education can be misplaced. The failure of many UK language labs in the 1970’s provides a more recent example.

Speed - How quickly and easily one can update educational material is one of the most important factors affecting both quality and cost of an educational technology. Television has always fared badly in this area due to the prohibitively high cost and complexity of production.

Interviewees generally believed that content production times were too lengthy and that the lack of technology standards was a factor causing this. Content management systems could be adapted to reduce the problem and two interviewees had considered this approach.

7.2 Channel strategy model

In this context, a ‘channel’ does not specifically refer to a TV channel. A channel strategy is defined by the e-Envoy paper as ‘a set of business-driven choices about how and through what means services will be delivered to the customer’. The challenge in developing a channel strategy is defining which customers to target with which services and through which channels to add value to customers and to the organisation concerned. In a learning context this could mean adding value to the customer, in terms of new skills acquired or the motivation to continue to want to learn [8].
For the organisation, this could result in a better skilled workforce, providing a higher percentage of people with learning opportunities or turning passive viewers into active learners. Too many educational technology innovations have made in appropriate use of technologies when trying to address the learning needs of specific target groups. This channel strategy approach could go some way to improving decisions about the most appropriate channel to use, whether face-to-face, distance learning via an Internet-enabled computer, an interactive TV solution or a combination of solutions. It is useful to start a channel strategy by stating the current situation – the percentage of the target group being reached and through what channels. This can then be expanded to describe what percentage increase the learning provider wishes to achieve through using other channels. This approach is based on a paper 69 produced by the e-Envoy’s Office of the UK Cabinet Office but has been modified for use in a learning context [1].
Stage 1 - Identify segment requirements for services and channel preferences - Understand the customer base (potential learners) and identify their (learning) needs and the different preferences they feel comfortable using to access learning opportunities. Each customer segment will have unique needs and preferences, so may require a different value proposition or a different way of being exposed to and of accessing a learning opportunity. Customer segments may vary according to age, socio-economic profile, intellectual ability and financial viability. These all need to be taken into consideration when deciding which channel to use. However, organisations should restrict themselves to identifying a few main segments initially, other wise the cost of managing each segment will exceed the value created by offering differentiated propositions.

Stage 2 - Define the required content - The main challenges faced by organisations in the distribution of learning content to different platforms are:

· formatting content to cope with the capabilities of different devices;

· designing content to meet the needs of the learners;

· commercial distribution arrangements.

There is wide variation in the capability of the various devices (computer, interactive TV, personal digital assistants and other mobile devices) to distribute learning content. Even the different interactive TV solutions emerging have different capabilities. There are also conversion and re-purposing issues with cost implications. Key to understanding which content to repurpose is understanding and mapping customer (learner) segments to their preferences for both device and service. This will enable organisations to prioritise content on the most appropriate devices.

Formulation and distribution of content need to consider three primary aspects to distribute coherent and relevant learning opportunities that will enrich the learners’ experiences:

· developing customer preferences around the required content to meet their learning needs;

· the device/channel capability including capacity, performance, cost of implementation and operation;

· the nature of service. 

Stage 3 - Device capability matrix - Devices have drivers and inhibitors that determine their suitability for particular transactions. To help differentiate between the various current and emerging devices, they could be placed on a device capability matrix and rated according to their capability to support a transaction in terms of:

· channel of communication like face-to-face, voice or text;

· supported media – video, audio, graphics, animation;

· dialogue – mono directional, interactive;

· temporal – does the communication occur in real-time – synchronously or asynchronously.

Stage 4 - Map the desired transactions to the most suitable devices - By mapping the desired transactions to the most suitable devices, it becomes more obvious which devices might be appropriate.

Stage 5 - Map customer preferences to the most suitable devices - Mapping customer preferences according to age, sex, cost, availability or future availability can make further refinements to most suitable device to use.

Using this channel strategy approach in conjunction with the ACTIONS framework will help with developing a comprehensive business strategy for interactive digital TV for learning.

8. Standardization and Regulatory Issues

Broadcast services are obviously regulated by the various national broadcast regulatory bodies many of which are reviewing their current regulations in the light of these new developments. The section introduces the main iTV standards [10] and their role as a regulatory framework for iTV educational applications.

9.1 DVB-MHP (Digital Video Broadcasting - Multimedia Home Platform)

The MHP (Multimedia Home Platform) is simply a common API (Application Programme Interface) that is completely independent of the hardware platform it is running on. MHP (Multimedia home Platform) 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 architecture of the MHP is defined (with exception in the specification itself - hardware is not defined) in terms of three layers: resources, system software and applications. Typical MHP resources are MPEG processing, I/O devices, CPU, memory and a graphics system. The system software uses the available resources in order to provide an abstract view of the platform to the applications. Implementations include an application manager (also known as a "navigator") to control the MHP and the applications running on it.

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. New profiles will be added later based on the continuing work of the DVB project.

The Multimedia Home Platform (MHP) has become an agreed standard for the development of set-top boxes. The next schema shows the iTV Standards Adoption with TV operators [11].
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Fig. 1. DVB-MHP profiles

9.2 TV-Anytime Forum

Digital broadcasting offers the opportunity to provide value-added interactive services that allow end users to personalize and control the material of interest, an evolution of TV into an integrated entertainment / information gateway. Anticipating this evolution, a group of organizations has formed the TV Anytime Forum to direct development of standards, tools and technologies towards a common framework, i.e. the global TV-Anytime Forum is an association of organizations which seeks to develop specifications to enable audio-visual and other services based on mass-market high volume digital storage in consumer platforms – simply referred to as personal media storage.

As part of its formation, the TV-Anytime Forum has established four fundamental objectives for the organization, which are:  

· The TV-Anytime Forum will define specifications that will enable applications to exploit persistent personal media storage in consumer electronics platforms.

· The TV-Anytime Forum is network independent with regard to the means for content delivery to consumer electronics equipment, including various DTV delivery mechanisms (e.g. ATSC, DVB, DBS and others) as well as the Internet and enhanced TV systems.

· The TV-Anytime Forum will develop specifications for interoperable and integrated systems, from content creators/providers, through service providers, to the consumers.

· The TV-Anytime Forum will specify the necessary security structures to protect the interests of all parties involved.

Currently, the TV-Anytime Forum consists of the following Working Groups: Business Models, System, Transport Interfaces and Content Referencing, Metadata and Rights Management and Protection. 

TV-Anytime Metadata

We use the term "metadata" to mean descriptive data about content, such as program title and synopsis.  We call such metadata "attractors" because they can attract a consumer to content.  Attractors allow consumers to find, navigate and manage content from various sources.  In addition to attractors, metadata as defined by TV-Anytime also includes information about user preferences, history and segmentation. TV-Anytime only defines the metadata format for metadata that may be exchanged between various entities such as between the content provider and consumer, among consumers, or between a third-party metadata provider and the consumer. The TV-Anytime metadata system allows the consumer to find, navigate and manage content from a variety of internal and external sources including, for example, enhanced broadcast, interactive TV, Internet and local storage.  It defines a standard way to describe consumer profiles including search preferences to facilitate automatic filtering and acquisition of content by agents on behalf of the consumer.  

There is a need to associate metadata with content to facilitate human and automated searching for content of interest.  Such metadata includes descriptive elements and attractors to aid the search process as well as elements essential to the acquisition, capture and presentation processes; content rights, formats, duration, etc.  Many of these descriptive elements can be found in electronic program guides and HTML documents.

The process of creation and evolution of metadata for an individual content item may involve many organizations during the course of creation, distribution and delivery to the consumer. Thus, there is a clear need to define a common metadata framework and a standard set of metadata elements in order to ensure a high level of interoperability within the chain from content creation to content delivery.

For the purpose of interoperability, the TV-Anytime Forum has adopted XML as the common representation format for metadata.  XML offers many advantages: it allows for extensibility, supports the separation of data from the application, and is widely used. In addition, powerful XML tools are now available such as XSL (XML Stylesheets), XQL (XML Query Language), and XML databases that can be used to process and manage XML data.  As a textual format, XML tends to be rather verbose; however, a number of mechanisms are being developed to reduce the bandwidth when necessary [12].

9.3 Advanced Television Enhancement Forum (ATVEF)

Advanced Television Enhancement Forum is a cross-industry alliance of companies representing the broadcast and cable networks, television transports, consumer electronics, and PC industries.This alliance of companies has defined protocols for Hypertext Markup Language (HTML)-based enhanced television, which allow content creators to deliver enhanced programming over all forms of transport (analog, digital, cable, and satellite) to any intelligent receivers [13]. 

9.4 Advanced Television Systems Committee (ATSC) 

ATSC is an international, non-profit membership organization developing voluntary standards for the entire spectrum of advanced television systems. Specifically, ATSC is working to coordinate television standards among different communications media focusing on digital television, interactive systems, and broadband multimedia communications. ATSC is also developing digital television implementation strategies and presenting educational seminars on the ATSC standards [14]. 

9.5 European Telecommunications Standards Institute (ETSI)

ETSI is a not for profit organization whose mission is to produce the telecommunications standards that will be used for decades to come throughout Europe and beyond [15].
9.6 OpenCable initiative (OCAP)

The OCAP, managed by the Advanced Platforms and Services group at CableLabs, was begun in 1997 with a goal of helping the cable industry deploy interactive services over cable. Like several other CableLabs projects, including DOCSIS and PacketCable, OpenCable will provide a set of industry standards, which will help accomplish this goal via three key objectives to: define the next-generation digital consumer device, to encourage supplier competition, and to create a retail hardware platform. 

As such, the OpenCable project has two key components: a hardware specification and a software specification. The hardware specification, which has been completed, allows a receiver that can be sold at retail to provide interoperability. The software specification of the OpenCable project, called the OpenCable Applications Platform, solves the problem of proprietary operating system software by creating a common platform upon which interactive services may be deployed [16].
9.7 Society of Cable Telecommunications Engineers (SCTE)

SCTE is a non-profit professional organization providing training, certification and standards. Since 1969, SCTE has continually expanded its resources and services to meet the changing needs of its members in a rapidly evolving industry. It is the only cable telecommunications organization accredited by the American National Standards Institution (ANSI) to develop technical standards and provides a neutral forum for professionals to collaborate on standards that lead the way to global compatibility [17].
9.8 Moving Picture Experts Group (MPEG)

MPEG is a working group of ISO/IEC in charge of the development of standards for coded representation of digital audio and video. Established in 1988, the group has produced MPEG-1, the standard on which such products as Video CD and MP3 are based, MPEG-2, the standard on which such products as Digital Television set top boxes and DVD are based, MPEG-4, the standard for multimedia for the fixed and mobile web, MPEG-7, the standard for description and search of audio and visual content and MPEG-21, the Multimedia Framework [18].
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