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Abstract: This talk consists of three parts: First, I start with a brief review of the history of multimedia in education as we have experienced it since the first ED-MEDIA: it was then still called ICCAL and held in Calgary in 1987. 

I will argue that the progress in handling media has helped, but that the major breakthroughs have been on other fronts, such as the better understanding of different learning models (behaviorism, cognitivism and constructivism or incidental vs. explicit learning). We have a more realistic appreciation of what intelligent tutoring systems can do and cannot do.

We have learnt that the administration of students, authors, tutors, courses etc. is much more important than previously thought. We seem to agree that powerful authoring tools are essential, but substantial courseware libraries cannot be built unless systematic re-use of modules based on meta-data and presentation standards is supported. We also have learnt that standardization as a whole is a very central issue.

In the second part of the talk I concentrate on the current state of affairs: After all we now realize that computer networks have opened the way for entirely new approaches involving much more communication, collaboration and team work: some ideas of intelligent tutoring systems have e.g. been successfully replaced by techniques involving networks; I will mention the importance of feedback, active documents and knowledge management in this context. In general, the most dramatic step forward has been the recognition that individual multimedia packages cannot be as effective as they should be in the absence of powerful, networked learning environments. Such environments are starting to be visible on the horizon. I also mention how the role and success of educational multimedia is rather different in schools and universities when compared to industrial applications.

In the third part of the talk I take a peek into the future, by presenting one scenario for mobile computing and the serious implications this has not just for how we will learn in the future, but also for what we will have to learn.

1. A Short Overview of Some Developments Between the First ED-MEDIA (ICCAL) Conference in 1987 and Today.

It is well known that the first serious attempt to use computers for educational purposes was the PLATO system developed in the early sixties at the University of Illinois and later commercialized by the then powerful Control Data Corporation. Of its many competitors, PLATO did fairly well for quite a long time. PLATO went through many versions, but the basic idea was to offer a central computer with courseware and use the material from a (then very rudimentary) terminal. However, the fact that all students accessed the same computer allowed for some communication between participants, for keeping track of scores and other statistical information, including feedback on the quality of the courseware. Despite all these features, PLATO never achieved a real breakthrough. 

Because of this, alternatives started to be considered. It is typical that at the first of our meetings (Calgary, 1987) topics such as hypertext (allowing for more freedom in the navigation of material), pedagogical and didactic rules for preparing courseware, using the emerging color-graphic features on PC's and using (analog) videodisks that then represented the ultimate multimedia technology were main topics. The networking aspect, one of the main assets of PLATO, was almost forgotten. I happened to be one of the program chairs of that first conference and was probably one of the few who had emphasized the need to not forget networking already even before this first meeting in Calgary at the major IFIP conference in Ireland [1].

It is intriguing to see that the topics mentioned, combined with attempts to use elements of artificial intelligence for intelligent tutoring systems (student modeling) and the advent of all kinds of authoring systems including Hypercard on Apple computers kept dominating our conference series for the next three meetings in Dallas 1989, Hagen 1990 and Wolfville 1992. Indeed, no researcher in the field dared not to produce such a system: I was no exception [7]. Mind you, the underlying technology started to change: instead of videodisks, CD ROM’s and CD-I’s (the latter now almost forgotten) and the examination of strategies for learning gained importance, and networks started to play a more prominent role again, mainly due to the impact Hypermedia systems (such as Intermedia at Brown University); also, the first signs of Internet based systems from Gopher to Hyper-G (now Hyperwave) and WWW started to appear.

By the time ICCAL had changed its name and had become ED-MEDIA (Orlando 1993) Hypermedia based ideas (indicating of what would happen with WWW) and advanced authoring facilities competed with the continuous discussion of learning models. It is now recognized that the behavioristic approach is justified only for "rote learning of facts", and that cognitivistic approaches (requiring real understanding) or constructivistic techniques (where learners have to actually discover, not just to understand situations and solutions) are more desirable. However, the battle between cognitivism and constructivism continued well beyond ED-MEDIA 94 (in Vancouver): we believe that most persons are now happy to accept that both approaches have their role to play, yet some extremists will still claim that one of the two will be ideal for all situations. Also, other ideas that are kind-of orthogonal like explicit vs. implicit learning are still being discussed till today [9]. ED-MEDIA 95 in Graz, Austria, was the first ED-MEDIA where the Internet and WWW started to become central topics… and this has not changed since. The importance of communication and computer supported collaborative work as component of Web-based teaching support systems started to grow increasingly, as is witnessed by a slate of papers in this area presented at ED-MEDIA 96 in Boston. Despite the fact that a new conference series WebNet (now e-Learn with WebNet symposium, this year in Montreal, see www.aace.org/conf/webnet) was split off from ED-MEDIA in 96, ED-MEDIA continued to explode: the 1997 conference that returned to its roots in Calgary was the first one where the printed proceedings consisted of two volumes (to expand to three volumes by 2001!). The fact that the 97 conference had as subtitle ED-TELECOM 97 says it all: educational applications without communicational networks started to look very obsolete. This trend continued in 98 at ED-MEDIA in Freiburg and 99 in Seattle: however, the continuing spread of large educational environments made it more and more important to talk about standardizing formats and using meta-data and meta-data standards. To use electronic educational material on a large scale it is necessary to be able to locate and re-use material created elsewhere. It is with satisfaction that we can observe a continued harmonization between North-American and European efforts in this important area. It is also gratifying to see that the necessity for communication, collaboration and large digital libraries accessible via the Web is now universally accepted as basis for viable learning systems as is clearly documented in the large number of papers in this area both at ED-MEDIA 2000 in Montreal and 2001 in Tampere, Finland. It has also become clear that a substantial learning system needs a huge array of administrative features and that the authoring of material is just a small part of what is necessary to make e-Learning work: this is quite in contrast to the days when e -Learning and authoring of material was almost used synonymously.

2. Current State and Lessons Learnt

Typical for today's situation is the fact that we have ceased to talk about learning applications, are using the term learning-platform less and less, and seem to be moving to the terminology "Learning Environment". Such a learning environment consists of (a network of) servers that offer a variety of components: 

· Courseware modules (re-usable since they follow one of the accepted standards and are searchable due to meta-data that is attached to the modules and is also hopefully standardized)

· Tools to create, combine and modify such modules into new ones

· Tools that allow the administration of the modules mentioned, of authors, teachers, tutors and students, each with a block of statistical data that is gathered as the system is used

· A set of features for communication and collaboration including e.g. chats and discussion forums

· Facilities that allow to use the system for various learning paradigms, different level of learners, provides a high degree of interactivity and powerful tools for (self) testing and feedback

Above list looks innocently simple and complete. It is certainly neither.

First, throughout the discussion we have been using the term "courseware module" without further explanation, nor have we ever stated what it means to have a "high level of interactivity". In fact, both things are closely related. An interactive courseware module is not a sequence of Web pages that one can click through, and it does not become much more interactive if a movie, even a simulation allowing various parameters, or some fill-in questions are allowed. In a cognitivistic approach (and this is still more true in the case of constructivism) a courseware module will be a sophisticated piece of software, hardly the kind of thing one can create with a WWW editor, or the standard authoring system. A high level of interactivity also implies facilities for customization, personalization and active documents, as will be discussed below!

Second, it would take a lengthy paper on its own to describe tools for handling and modifying courseware modules to the extent desirable; and this is even more true of administrative tools that can range from trivial (and hence useless) to very, very sophisticated. Some more details can be found in [8].

Third, innocent looking words like "discussion forum" are really like the mythical box of Pandora: once you start to seriously use a discussion forum with a sizeable group of users the number of issues arising is mind boggling: from questions of the levels of anonymity, to tools for structuring a discussion, to the issue of meta-data for contributions (!), to the issue of active notification of users, to the fact that any large discussion forum has to provide a substantial number of different views of the contributions, to tools for "positive" and "negative" filtering, just to name a few examples. If more complex collaboration tools are to be involved (and they should be) all issues surrounding computer supported collaborative work (CSCW), now discussed in entirely separate conferences, start to be important.

Fourth, systems that really support all kinds of learning paradigms (from e.g. behavioristic fact learning to constructivistic knowledge discovery) are not available "from the rack" but can at best be customized on the basis of generic platforms. To build Learning Environments catering to various learning styles and levels of knowledge requires sophisticated pre-tests both on a cognitive and a knowledge level: again, both tasks have not even been solved in full generality, so far.

Fifth, systems should at least allow to work with them by adding notes (for oneself or a group). They should allow to insert stuff from other sources (marked as such), including of course links, and must provide access to rich background libraries [2]: it must be possible to incorporate parts of material found in such libraries into the courseware modules for the benefit of an individual or a whole group of persons. They must allow asking questions at any point, with the system answering automatically if similar questions have been asked before (as is done in the "active document concept" [3]) or else they pass on the question to tutors or experts who answer them immediately (if online) or "asynchronously", otherwise. Customization should go beyond the courseware module level: it should allow persons to view the catalogue of material offered from their perspective. 

Above points are not supposed to be exhaustive (e.g. the self-testing and evaluation aspect have not even been touched upon), but just serve to show how complex good e-Learning environments are. In this sense we have learnt that e-Learning goes much beyond a sequence of beautiful Web-pages with some question/answer material and a few simulations plus Email for communication thrown in. Rather, much effort is required to build a credible e-Learning platform. My team and I have worked on a system Hyperwave that is the basis of an advanced e-Learning system for many years [4]: it is available for non-commercial use free of charge for schools and accredited universities. It is the outgrowth of hundreds(!) of person years. It keeps amazing me that such huge efforts keep being ignored by some groups who start to re-invent the wheel all by themselves, not realizing how complex a system has to be to be really successful.

In passing, let me also mention that using e-Learning environments in schools and universities is rather different from using them in companies. In the latter case, they are seen as cost effective tools for in-time learning with high self-motivation of the learners, in the former they are seen as improving the teaching and easing the learning process for persons often requiring external motivation (through grading or such). It is surprising that many people do not seem to grasp that the two situations described are sufficiently different to require rather different e-Learning environments!

3. The Future

While we are still groping for the ultimate approach to e-Learning environments, technology is moving on with tremendous speed. It will not only change how we learn but much more crucial what we learn. I believe that this should be taken into account as of yesterday ( , and much research should go into this direction. To show dramatically what will happen I will present one scenario what the computer of the future (say ten years from now) will look like. The visible part of this computer (basically its I/O device) is shown in Figure 1. The actual computer consists of an innocent looking little box (a bit larger than a box of matches) and contains:

· a high speed processor (working at 10 Giga-Hertz)

· a large internal memory (50 Gigabytes)

· an I/O device for memory cards (like the ones now used in digital cameras but with a capacity of some 100 Terrabytes)

· a mobile phone unit using fast packet-switched technology like UTMS or its successor

· a global positioning system (GPS)

· all this connected wireless (with next generation Blue-Tooth) to a device like the one shown in Figure 1.
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Figure 1

The glasses shown in Figure 1 have a number of special features built-in: they have two loudspeakers near the back end (providing stereo sound to the wearer), they have two small mirror-like gadgets that allow to project a picture generated by the computer into each eye (thus e.g. providing full three dimensional scenes), it has a direction measurement (electronic compass) built in so that together with the GPS the computer knows not only where the person is, but what direction (at what) the user is looking. It also has a camera and a microphone (seen in the middle of the glasses) that records all that is going on, with image processing capabilities, including gesture recognition of the wearer for data input. The two spikes going upward at the end of the glasses are optional: in the further future they will be able to detect a variety of states of the brain, providing a direct brain-computer interface that will further enhance facilities for data input. Much of the power of such a device is not necessary for the discussion in this paper: rather, it is the subject of a separate paper [5]. The main point is that through novel input devices (such as voice, gesture recognition as mentioned, or even input directly from the brain) users can access (through the computer) at any time both huge local data-bases and through the mobile phone future versions of the WWW, i.e.  also remote ones; thus users can retrieve just about any information desired, or solve most problems imaginable, with the results communicated through 3D scenes and stereo sound through the glasses shown in Figure 1. Of course this will require advanced techniques of searching to find the relevant information, and only relevant and reliable items: this is exactly one of the main areas addressed in modern Knowledge Management systems such as Hyperwave [4]. Deeper aspects are explained in the paper [6]. 

Let us stop and ponder for a moment only the trivial aspects of such a situation, where information and problem solving is not just available “at your fingertips” but even more, at the “wink of your eye or hand”: in this case, external databases are very much a more or less direct extension of the human brain. How much factual knowledge about history, geography, nature, medicine (you name it) will we still have to learn when it is available any time we need it? If we want to know what we see and what the history of it is, GPS and the direction measurement will allow to give us all the information we care for; if we want to know what kind of flower we are looking at, the flower held against the camera and image processing software will give us the answer; the composition of a certain medication and all its benefits and side effects will flash on our screen when we need it. Specific first aid help will be made available to us after we have performed a computer-supported diagnosis. And, of course, the voice of someone talking in any language to us will have been picked up, translated into English and spoken into our ears, not noticeable to others. Similarly, if a problem in mathematics, or physics, or chemistry comes up, it will be easy to solve it, using the power of the computer and the databases of tools and problem solvers it has available.

Thus, what (beyond skills, like skiing, riding a bike, juggling balls, or doing a surgical operation) do we still have to learn if we have all what we usually learn available to us any time, any place? This is one of the most serious problems that will confront us faster than we will be ready to answer it: what I have outlined will be reality soon. Much of the material we learn today will not be on the curricula of future students. Yet, since it is not easy to imagine an intelligent discourse without having certain basic facts in the brain (rather than in an “external brain”) what will those basics look like? 

I do hope to hear attempts of partial answers at future ED-MEDIA conferences!
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