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Abstract. Television has a long history of use as a medium for delivering learning. One of the attractions of interactive TV is that, as with other digital media, it opens the door to adaptation to the learners. However, the notion that learning services delivered by iTV are open to the similar types of adaptation familiar from PC-centred work may be mistaken. A useful high-level distinction may be drawn between formal and informal iTV-supported learning. We argue that formal learning applications may be open to the same sorts of adaptation that are developed for PC-based learning. However, formal learning may not be popular with television viewers, as it clashes with well attested features of television viewing behaviour, such as watching while engaged in other tasks, using television as ambient atmosphere provision, channel hopping, watching programmes with others and generally regarding television as oriented to leisure rather than task performance. Informal learning, on the other hand, seems to provide a much better match to natural viewing behaviour, but requires some rethinking of adaptation. In this paper we briefly review existing iTV learning services in the light of a broad distinction between formal and informal learning. We then explore the potential for adaptation for iTV, exploring future scenarios for adaptive learning services.
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1. Introduction

Television has had a long history of performing an educational function for a mass audience, broadcasting edutainment, documentaries and news as well as programmes with more explicitly educational ends, such as distance learning broadcasts for bodies such as the Open University. The arrival of digital television has the potential to expand the power of the medium by delivering interactive learning into the home. This is particularly significant in social terms because it may put learning opportunities in the path of potential learners who may otherwise be difficult to reach. However, if it is to succeed, designers of learning materials for interactive television must be sensitive to the role the television plays in the home and to the individual and social behaviours and attitudes that accompany it. Digital television also holds out the promise of interactive learning that is adapted to the viewer, and here, understanding viewer behaviour may be even more important to the take-up or rejection of services. In this paper, after introducing the concept of informal vs formal learning, we discuss some aspects of TV viewing and briefly review how current iTV learning services "match" what we know of viewing behaviour. We then explore the potential for adaptivity for a range of potential iTV learning services, exploring future scenarios and contributing to the setting of a research agenda.
2. Television and the home audience
The role of television in the household, the nature of the television audience and the realities of viewing behaviour provide both an opportunity and a challenge for learning service providers. In particular, they suggest that the potential for t-learning may best be realised by concentrating on informal rather than formal provision. This distinction is hotly debated (Smith, 1999) and can be approached from a number of perspectives, depending on whether learner intention, administrative context or other characteristics are seen as central. Here, Eraut's notion of non-formal learning as occupying one end of a continuum ranging from "the acquisition of knowledge independently of conscious attempts to learn" to "deliberative learning where specific time is set aside for learning" seems a powerful one (Eraut, 2000, quoted in Smith, 1999 (sic)). Informal learning will typically lack the administrative attributes of formal learning such as external evaluation, the award of credits, a prescribed learning framework and so on (Smith, 1999). Between the extremes of non-formal and formal learning, Eraut situates "reactive learning" where learning is explicit but "takes place spontaneously, in response to recent, current or imminent situations, but without any time being set aside for it" (Eraut, 2000). Our current knowledge of TV viewing behaviour suggests that TV may be more appropriate for some points on Eraut’s continuum than for others.

TV is for relaxing

Televisions are found in almost all homes in the Western world and for most households, the television set is a focal point, with a rich set of accompanying behaviours. A number of studies (Ling & Thrane, 2002; Lull, 1988; Moores, 1996) have described the television-watching behaviour of families, and a general picture has emerged of people watching programmes in groups, watching while engaged in other tasks, using TV as ambient atmosphere provision, channel hopping and generally seeing TV as oriented to leisure rather than task performance. Ling and Thrane, for instance, suggest that television has "a limited potential to engage the individual", finding its niche as a means of relaxation or even as background noise, used for generating ambiance rather than for paying attention to specific content. One of their participants goes so far as to say: "I don't watch TV to like, learn anything" (p.1). This is reflected in the findings of a recent report on attitudes to digital TV amongst UK viewers (Oftel, 2001). When viewers were asked about email, online banking and other services, their reaction was negative: 

All such services were felt to involve ‘work’ type activities: thinking, rationalizing, judging, assessing etc., whereas respondents felt that their home, and particularly television was a much more casual, looser environment. This environment was a more emotional, haphazard, serendipitous one, and thus they found it very hard to accommodate most of the on-line activities in that context. Games were an exception to this, as they too were much more ‘lighthearted’, irrational and thus relaxing (Oftel, 2001).

Thus it may be dangerous to assume a willing mass audience for formal "work-like" educational provision via television, though the audience attitude to games may provide a promising direction for provision.

TV reaches non traditional learners

The penetration of television into this mass market means that services may be extended not just to mainstream learners but also to hard-to-reach and disadvantaged groups. As a domestic technology, interactive television may be particularly appropriate for disadvantaged groups who experience barriers to learning such as lack of time resulting from work and family commitments, inadequate information, poor advice, cost of study, lack of flexible local provision, inadequate transport and lack of childcare. Digital television, the technological basis for interactivity, is a technology that has been embraced by these groups, unlike the desktop PC. According to a recent UK government report, while "uptake of the Internet among those living or likely to be living in deprived neighbourhoods is lower than for the UK as a whole,” (DTI, 2000, p. 25), "satellite and cable TV (…) appear more prevalent in home take up" (ibid.). However, designing for such learners may be challenging, as they may not feel at home with overtly didactic material, again suggesting that formal approaches may not work.

TV is watched in groups

In contrast to the use of PCs, television viewing is largely a family or social activity (Barwise & Ehrenberg, 1988; Kasari & Nurmi, 1992). According to a large research study in the UK (Livingstone & Bovill, 1999), television is the medium most often shared with family. Watching television together is top of the list of activities shared between parents and children, and more than two thirds of children watch their favourite programme with somebody else, nearly always family. Young people would like to watch television with friends, though many do not manage to do so (Livingstone & Bovill, 1999). Given the rising number of televisions in bedrooms it is likely that watching television with friends will be an increasingly popular activity. Already, television is the most popular conversation topic of young people with friends (Livingstone & Bovill, 1999). This tendency of viewing TV in groups suggests that individual-based adaptation familiar from PC-based learning might not apply.

3. Successful Current Services

Although there are examples of formal learning services, for instance a Bitesize GCSE examination revision service in the UK, a language learning service in Italy (Bates, 2002), popular mass audience broadcasts have tended to be based on less formal learning, i.e., on the part of Eraut’s continuum between non-formal and reactive learning. The standard in the UK has been set by the BBC's natural history edutainment programmes, such as Walking with Beasts, and Blue Planet (Gawlinski, 2003), where viewers could choose to watch additional textual information and video footage, and could choose between commentaries with different levels of scientific detail. The additional material was made available over a longer time span than the broadcast programme. More actively engaging material, e.g. on-line quizzes for individual episodes, or competitions based on puzzle solving, was also provided, e.g. in the BBC’s Pyramids programme. For children, there are simple interactive games (for instance, associated with Bob the Builder and the Teletubbies), practising colours and shape recognition. None of these learning services are obviously designed for deliberative learning, but rather as reactions to the broadcast stream. 

There has also been enthusiasm for specific interactive services like interactive program guides, video on demand and personal video recorders (Oftel, 2001).  Facilities like this are not about interacting with on screen content in the way one interacts with computer software. They are tools that enable people to tailor the content they view to be what they want, delivered when they want it.

4. Adaptation techniques

 In the following we will explore how adaptation techniques can be used to make decisions on behalf of the viewer that allow viewers to learn while remaining relatively passive. We will look at three different ways of encouraging informal learning via adaptation, based on either the non-formal or popular facilities described above. We will focus on ways in which adaptive educational experiences can be created using as much as possible existing material, avoiding major content development.

4.1 Adaptivity for choosing programmes

A major area of research into adaptation for interactive TV has been electronic programme guides (EPGs) (e.g., see Ardissono and Buczak, 2002). Adaptive EPGs filter the enormous number of programmes on each day, to recommend certain programmes for watching to their viewer. They base their recommendation on their prediction of the viewer’s likes and dislikes, which itself is based on the viewer’s behaviour in the past (using content-based filtering) and the opinions of like-wise minded users (using social filtering). The advent of Personal Video Recorders (such as TiVo), and Video on Demand makes adaptive EPGs even more vital: instead of choosing from programmes currently on, the viewer may be able to view anything that has ever been broadcast.

Currently, EPGs focus on recommending to the viewer programmes they are likely to enjoy. We would like to take this a step forward: EPGs could draw attention to programmes that are educationally beneficial to the viewer as well as enjoyable. This is in line with (Luckin and Du Boulay, 2001). For this to work, the system would need at least: (1) a model of the viewer, indicating what the viewer is interested in  learning, and what the viewer has learned/watched so-far, and (2) meta data about TV programmes, indicating what topics are addressed in them, and what opportunities of learning they provide. 

Currently, EPGs focus on recommending to individual viewers. Given that TV is often watched in groups, we believe that EPGs should be able to recommend to groups of viewers, taking into account what is appropriate for the individuals in the group. These groups can be quite heterogeneous, and age, gender, intelligence, and personality influence what types of TV programmes people enjoy (Kotler, Wright & Huston, 2001; Livingstone & Bovill,1999). In our previous work (Masthoff, 2002; 2003a), we have discussed the issue of how one can adapt to a group of viewers, in such a way that each individual enjoys or benefits from the broadcast. We have mentioned the possibility of using group-modelling techniques for adaptation to individual viewers: virtual people could be added to make a group, representing teachers or parents, ensuring that the viewer does not just watch what they like to watch, but also watches things that please these figures. The group modelling strategies ensure that the viewer is being kept motivated, by alternating things the viewer likes, with things they might not particularly like but which are good for them. This works best when the EPG can select smaller units than complete television programmes.

4.2 Adaptivity inside the programme

A popular way of making television programmes interactive is by giving the viewers’ access to additional information (as discussed above for the BBC’s “Walking with Beasts”). Currently, it is up to the viewers to choose what they want to see and hear. One way to make these programmes adaptive would be to choose default settings appropriate for the viewer. In addition, many of the techniques from the Adaptive Hypermedia community seem applicable (for an overview see Brusilovsky, 2001), as well as those from the Recommender system community (such as content-based and social filtering). In the following, we will loosely follow the Adaptive Hypermedia structure (as in Brusilovsky, 2001), but show how it applies in the interactive TV domain, and how it can be used for learning via iTV.

· Selecting content fragments. The video stream, audio stream (two in case of a stereo broadcast), subtitling, and overlay (text and or images overlaid on top of the video) can each be displayed or not. For instance, when somebody is learning a language, depending on their proficiency, subtitling in their own language (or a translation for specific words) could be added to a foreign language movie or not. In addition, each content element could be considered as consisting of multiple fragments. For instance, the video stream can be regarded as a sequence of scenes, and the audio stream as a sequence of sound bites. Which scenes or sound bites to show could be decided by the TV’s set-up-box at run-time, and adapted to the individual viewer. For instance, instead of showing everybody the same news broadcast, news items could be included or not depending on their relevance to the viewer.  If a viewer were learning about, say, economics, then more items about economics would be included in the news. If a viewer is learning French, then more news items showing French speakers could be shown.

Audience research has shown that textbox pop-ups are appreciated and acceptable 10 to 15 times per show. In contrast, some episodes of Walking with Beasts had as many as 80 pop-ups (Nolan, 2003). This illustrates two points: firstly, that TV programme makers may be willing to provide large amounts of additional material for their programmes, and secondly, that there is an opportunity and need for adaptive selection of the additional material to show. Content-based and social filtering techniques can be used for this: the former selects additional material based on how similar it is to material appreciated by the viewer in the past (as recorded in the user model), the latter selects it based on how much the material has been appreciated by other viewers who resemble our viewer. The user model could be initiated by using stereotypes based on market research or by the viewer.  

In addition to using extra material specifically made for a broadcast (which will be textual, or limited additional video footage), it would be nice to use the existing resources of all material that has ever been broadcast. For instance, a question in a quiz show about a novel could result in fragments being shown of a TV production of that novel. Content-based filtering could be used for this, but it does require some kind of marking up of content, particularly when we would like to be able to show video segments rather than complete programmes. Luckily many programmes will have subtitles with them, and these can be used for text-based filtering. Audio descriptions could also be used. In addition, there has been quite some work on video summarisation, including personalised video summarisation, where summarised videos are produced based on key words the viewer is interested in and the length of time available (Tseng & Lin, 2002).  Note that the need for extensive content mark-up becomes more acute if we want to support more formal ways of learning, for instance, if we need to know about prerequisites and learning outcomes. See Luckin & Du Boulay (2001) for a discussion.

· Stretch media. Instead of completely removing content fragments, viewers can be allowed to access them at will. For instance, viewers can be told to press a certain button on the remote control if they want to know more. The figure below shows an example. 

[image: image1.wmf]Pressing the number 1 on the remote could result in a pop-up text as shown in the middle screen. If the user model indicates that the user has a lot of interest in painting, then the textbox could pop up automatically. A combination of stretch media with filtering could also be used: when the viewer presses 1, the system could decide, based on the user-model, which text to pop-up from a set of possible texts. For instance, an alternative text could be shown to somebody more interested in gardening, discussing when to plant this tree, and how to care for it (see right-hand screen). Note that this information does not necessarily have to be related to the programme topic: for instance, any programme could be changed into a programme that teaches children about colours, by asking them to tell us the colour of an indicated area in the video stream. Instead of the programme maker providing the additional material, it could also be provided by specialised companies (for instance, a language-teaching company providing material on French vocabulary, e.g. “green=vert”), dedicated individuals approved by the broadcaster (for instance, a literature teacher providing material on a poem dedicated to this type of tree), or the general public (moderated). Thomas (2002) discusses how annotations can be added by viewers, and the usability issues involved in doing this effectively. He also touches on the possibility of using audio as markers, rather than images: for instance, in a programme that allows for multiple opinions (like news, history, sociology) a cynical “Yeah, right” could be an audio cue allowing viewers to hear an alternative opinion.  Viewers could sign up for annotations from specific sources (or the sources could be filtered automatically, using content-based and social filtering). Note that allowing viewers to provide annotations partially solves the problem of marking up the enormous amount of video material, and that these annotations can be used to support content-based filtering.

· Sorting fragments. The order in which fragments are shown can be changed. For instance, in a news broadcast, the order in which new items are presented could be modified. Viewers could be shown the fragments that are most important or appealing to them first, as decided on the basis of their user model. One reason for doing this is that viewers have a tendency to swap channels if they become bored with a programme. 

· Dimming or highlighting fragments. Instead of removing fragments, or allowing the viewer to see them at will, fragments could be shown, but be made less or more obvious. In text-based adaptive hypermedia, this is done by modifying font size, font face, font colour, and contrast between background and font colour. In the TV domain, in addition to applying this to the text in overlays and subtitles, this can be done by modifying the volume of audio, the time a subtitle or overlay is shown, the size of a video stream, etc. Underwood (2002) discusses using natural language processing techniques for making key linguistic features salient in subtitles, for language learning via interactive TV.  Which linguistic features to highlight could be adapted to the user’s competence, as stored in the user model. Video can also automatically be slowed down (with use of PVRs), to allow viewers more time to understand for instance the language used and the points made.

· Use of generation. All of the above use “canned” media. However, natural language generation could be used for making more tailored subtitles and other textual overlays, combined with speech generation for making more tailored audio, and with 3D-animation for embodied animated agents that are part of the overlays or even inside the broadcast. For instance, this would allow the TV to say things like “I think you ought to watch this programme as it relates to your interests in China”, or “This plant needs to be treated in the same way as that plant in the previous programme you watched”.

· Modality adaptation. Information can be conveyed in multiple ways, using combinations of audio, full size video, multiple simultaneous smaller sized videos, subtitling and overlays. The choice of media can be adapted to the viewer. This is particularly relevant for TV, as when viewers are watching TV in a group, less obtrusive ways of conveying information to an individual in the group could be used (like subtitling, or when available, a mono audio stream on headphones while the rest of the family watches TV with the mono audio of the programme). An important point is that, compared to PC users, many viewers will be perceptually impaired, as many of them are elderly. Adaptation of modality can assist in making TV learning accessible to all. Thirdly, the content of the broadcast might influence the suitability of a modality. For instance, if the broadcast is highly visual (for instance, a football match or an action movie) it might be better to put visual annotations separate from the video rather than overlaid or use non-visual annotations, in order not to distract from the video. 

· Direct guidance. As TV is very much time-based, it would not suffice to just provide links to “the bit of information (video) I think you ought to see next”. It is more likely, that timing decisions (in addition to content decisions) will need to be taken on behalf of the viewers. So, the TV should be able to select and present the next video fragment without a need for viewer interference.  Viewers then only need to take control if they disagree with the selection. This fits well with the model of viewers as passive beings. Viewers could be explicitly asked their opinions when the TV’s certainty about viewer likes is low, or irregularly to validate the user model.

4.3 Adaptivity surrounding the programme

In addition to adaptivity for selecting programmes and adaptivity within programmes, there could also be adaptivity surrounding the programme: allowing people to interact/communicate with appropriate others about the programme, or specific programme content. This fits in with work on collaborative learning: the idea that people learn a lot by communicating about a topic with other people (these could be people who are more proficient and could help them, people who are less proficient and helping whom would force them to verbalise their knowledge, or fellow learners who are struggling with the same problems). The I-Help system (Greer, McCalla, Vassileva, Deters, Bull, and Kettel, 2001) is an example of how learners could adaptively be brought in contact with each other.  

Chat and email are already available on interactive TV, with service providers admitting that they provide a major source of income (Quico,2003). OpenTV (http://www.opentv.com/solutions/) has produced an application that provides television viewers with Short Message Service (SMS) and text chat facilities. The NTN network operating within the US allows customers in bars and restaurants to play interactive games and chat with each other as they do so. Quico (2003) reports large dinner parties being organised in Portugal for groups of people who met via interactive TV. So, interactive TV can promote communication between people with a common interest and motivation but a different location. In informal learning via television, the number of exercises that can be provided to learners will be rather limited. Bringing learners in contact with each other (and teachers) seems therefore additionally important. In the TV domain, the number of potential people to communicate with is huge. Adaptive filtering is, therefore, very important, to bring together people who are interested in the same aspects of a programme, and are learning similar things (or are knowledgeable about these things). 

5. Scenarios

The following scenarios illustrate some of the adaptive services set out above.

Mary’s bathroom needs renovating, and she cannot afford to hire people to do it for her. She has never really done Do-It-Yourself, and the whole thing is daunting. She has started watching some of the many DIY programmes broadcasted on UK TV. Her TV has noticed this habit, and asked her whether she is planning some DIY herself. Having been told that she is interested in redoing the bathroom, it has started to bring to her attention programmes that cover bathrooms. It is also selecting advertisements to show her during the normal advertisement breaks about firms that sell bathroom suites, tiles, tools, bathroom accessories etc. (This in addition to the fancy car adverts her son likes.)  One of the DIY programmes has incorporated interactivity, similar to that applied in the Big Brother programme: it allows the viewer to select which room in the house to watch during redecoration a house. Whenever possible, the TV defaults this to the bathroom. Another DIY programme has taken interactivity a step further: detailed additional video footage is available to show specific tasks, such as “how to remove tiles from a wall”. Mary’s television automatically shows her the additional footage it thinks is relevant to her, given what she knows already (from other programmes watched), and what she wants to learn. When Mary is less tired, and wants to take control, the TV stops automatically showing her information, but indicates by the order of the list of additional information topics, and visual annotations, which it thinks she might like and what other people with similar profiles thought about the additional information. At the end of the programme, it draws her attention to the chat application, which allows her to chat to DIY experts and other viewers about her particular problems. When she indicates that she would like to chat to somebody about retiling her bathroom, it links her up to John, who was also watching the programme, is known to have quite some related DIY experience, and has been highly rated by other viewers for his ability to explain things. Her conversation with John helps clarify what she needs to do even further, she decides to give it a go, gets her materials from the shop advertised, and starts. Her son Mark thinks the whole thing is really amusing, and he decides to videotape her efforts. When watching the footage, Mary concludes that her experiences might be quite valuable for other viewers in future. Therefore, she sends the video to the producers of the show. They add it as an additional item covering tiling to the programme database, and the next time somebody watches the programme (either because it is rebroadcast, or ordered by video-on-demand) they can also see Mary’s experiences, and learn from them. 

Paul is watching his favourite soap. There is a party in this episode, and the food looks gorgeous. He wished he could cook like that. It is his girlfriend’s birthday tomorrow, and he would really like to bake her a cake like the one in the programme. A red dot temporarily appears near the cake. He gets excited: somebody seems to have provided more information about the cake! He presses the red button on his remote control. The TV asks him whether he wants to see the information now, or store it for later. He decides to watch it straightaway. His PRV will then video the whole episode anyway, so he can continue watching the remainder of the soap later without having to miss a thing. The TV offers him the choice of four pieces of information. The first in the list is from a local shop that claims they sell cakes that are at least as good as this one. The TV comments that this might be a good option, as Paul does not seem a very experienced cook. The second in the list is a recipe for making a simple cake, including a step-by-step home video of somebody baking it. The third one is a recipe for a more complex cake. The television comments that this might still be too difficult for him. Paul decides to try to bake the simple cake. It turns out to be a great success. The next time Paul watches TV, it asks him how the cake went. On his reply, the TV comments that it will remember that Paul can bake simple cakes, and that next time around, he might want to try something just a little bit more difficult.

6. Conclusions

In this paper we have suggested ways in which existing AI personalisation techniques, such as adaptive hypermedia and content/social filtering, might  be repurposed for the domain of interactive television.   Empirical research is now needed to test whether these methods are effective and acceptable in practice. Projects are currently under way at the University of Brighton that will test out these approaches in the areas of language learning and current affairs, with specific emphasis on group modelling and accessibility issues.
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   This colour green is achieved by mixing the X paint with a little bit of Y.
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    It is best to plant it in October, at a location in the sun. Give it a lot of water.











