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Abstract:

The paper analyses the term “Web Based Training“ (WBT) from different perspectives and claims that the authoring, communicational and data access tools currently available on the Internet are not sufficient to fully exploit the tremendous educational power of the largest information and communication resource mankind has ever had. The paper contends that the primitive hypermedia node-link data model and its most prominent implementation WWW do not have enough functionality to provide the power that is needed for WBT. 

The paper explains important features that are absent, claim that WBT systems incorporating such features are essential and should be based on novel data modelling principles. The paper introduces such new hypermedia data model (HM-Model) and describe a first WBT system based on this model.

The document is structured as follows:

Chapter 2 traces the origins and WBT systems and explains what is meant by Web Based Training in general. An attempt is made to relate the evolution of WBT vis-à-vis technological developments in the field of computers, and how the concept of data modelling is related to WBT systems. The chapter describes the basic hypermedia data model, i.e. the Node-link data model, the conceptual framework of this paradigm and also other characteristics like data structures.

Chapter 3 analyses the user roles, processes and tools involved in WBT and describes major drawbacks of currently available WBT systems as a result of the node-link model simplicity.

Going deeper into WBT technical aspects,  chapter 4 explains current trends in hypermedia data modelling, mainly the evolution of composites. As an attempt to augment the basic node-link model and to include a higher level-structuring concept, this chapter explains how this concept differs from the basic node-link paradigm.

Thus, chapter 5 presents an innovative HM-Data Model: it offers certain features that make it highly suitable for advanced WBT systems.

Chapter 6 describes a so-called Learning Resource iNterchange (LRN) standard, which is supposed to be used for global compatibility of the HM-Data Model with other WBT systems.

The rest of the paper presents particular aspects of the WBT-Master, a first WBT system implementing the hypermedia Data Modelling principles. All the system functionality is defined by a representative number of generic application scenarios (Chapter 7). Based on these application scenarios, functionality of basic components is derived. The set of the basic component definitions is presented in Sections 8 and 10. The chapter 9 presents the technical architecture of the system. Chapter 11 contains a mapping of the scenarios (Chapter 7) onto WBT-Master tools and is followed by a list of references.

Chapters  2, 3, 4 and 6 contain a comprehensive analyses and overview made by the author, but should not be seen as an author’s own contribution. All other chapters contain the author’s original material. 

Thus, chapter 5 describes the HM-Data Model which was developed by the author in collaboration with Professor Hermann Maurer and widely published ([Maurer, 1993], [Maurer 1994a], [Maurer, 1994b], [Maurer, 1995], [Maurer 1996b], [Maurer et al. 1996c], [Maurer 1998a]).

Chapter 7 accumulates the author’s 5 years experience of using Internet in education. WBT-Master concepts as they presented in Chapter 8, were developed by author on the base of his WBT experience. The system architecture (Chapter 9) and the system implementation (Chapter 10) are innovative and were developed by author.
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1 
Introduction

The traditional systems of teaching are being more and more complemented, if not replaced altogether, by new systems. The Internet, for one, is fast becoming a reliable alternative not only to conventional sources of information, but is also being used as a tool for education. No wonder, the World Wide Web (WWW) and other similar hypermedia systems have attained recognition as vehicles of information and recognition in various fields.

The WBT marketplace is just developing. Many companies are providing content, tools, and solutions, but no standard exists for making these different pieces work together. Although the success of the Internet is driving an increasing number of services to support standards like HTML and HTTP, these standards alone aren’t enough to provide a complete educational experience.

A Web Based Training (WBT) system is supposed to provide an educational process available “anytime anywhere” by means of World Wide Web (WWW) technology. However, any WWW site containing educational material is called a WBT system. All experienced users have discovered that there is a considerable gap between these two definitions. 

The term ‘WBT’ refers to a range of systems that support at least [Andrews95]:

· developing of high quality multimedia courseware;

· repository of learning resources available world-wide, including not only courseware, but also personal info on peer helpers, on-the-fly contributions of previous users, etc.

· easy access to the learning resources “anytime anywhere”;

· support for personal definition of learning goals and variety of novel learning methods;

· synchronous and asynchronous  communication and collaboration among leaners and between learners and experts;

· database of previously answered questions to automatically answer similar ones

· testing of knowledge level

· customisation of courseware to the knowledge level and the cognitive style of the learner

· IPR protection and brokerage of relevant learning services

· progress tracking and certification as support for assessment and recognition aspects of the acquired skills.

Thus, a typical WWW site [Andrews94, Berners-Lee94, Nielsen 90] just covers one of requirements mentioned above – easy access to educational materials “anytime anywhere”, leaving all others to especially developed applications – communicational packages, authoring packages, intelligent agents, etc.

In the rest of this paper, we will use the following rather simple view of a WBT system [Cailliau95, Fernandez97]:  Information (i.e. courseware) is stored in a simple structured fashion on servers as a large collection of multimedia (preferably HTML documents). Typically, a document may be a piece of text containing a picture. Each document may contain links leading to (parts of) other documents in the same or in different chunks. Typical hypertext navigation through the information space is based on these links: the user follows a sequence of links until all relevant information has hopefully been encountered.

Courseware  can be accessed world-wide via clients, with clients available for most major hardware platforms. All other information services such as information searching, synchronous and asynchronous communication, collaboration, etc. are implemented as “add on” software packages using often different protocols (Server Side Scripts, Client Side Scripts, Java Applets and Applications, etc).

We analyse the term “WBT” from different perspectives and claim that the authoring, communicational and data access tools currently available on the Internet are not sufficient to fully exploit the tremendous educational power of the largest information and communication resource mankind has ever had. We contend that the primitive hypermedia node-link data model and its most prominent implementation WWW do not have enough functionality to provide the power that is needed for WBT. 

We explain important features that are absent, claim that WBT systems incorporating such features are essential and should be based on novel data modelling principles. We introduce such new hypermedia data model (HM-Model) and describe a first WBT system based on this model.

The rest of this document is structured as follows:

Chapter 2 traces the origins and WBT systems and explains what is meant by Web Based Training in general. An attempt is made to relate the evolution of WBT vis-à-vis technological developments in the field of computers, and how the concept of data modelling is related to WBT systems. The chapter describes the basic hypermedia data model, i.e. the Node-link data model, the conceptual framework of this paradigm and also other characteristics like data structures.

The chapter 3 analyses the user roles, processes and tools involved in WBT and describes major drawbacks of currently available WBT systems as a result of the node-link model simplicity.

Going deeper into WBT technical aspects,  chapter 4 explains current trends in hypermedia data modelling, mainly the evolution of composites. As an attempt to augment the basic node-link model and to include a higher level-structuring concept, this chapter explains how this concept differs from the basic node-link paradigm.

Thus, chapter 5 presents an innovative HM-Data Model: it offers certain features that make it highly suitable for advanced WBT systems.

The chapter 6 describes a so-called Learning Resource iNterchange (LRN) standard, which is supposed to be used for global compatibility of the HM-Data Model with other WBT systems.

The rest of the paper presents particular aspects of the WBT-Master, a first WBT system implementing the hypermedia Data Modelling principles. All the system functionality is defined by a representative number of generic application scenarios (Chapter 7). Based on these application scenarios, functionality of basic components is derived. The set of the basic component definitions is presented in Sections 8 and 10. Section 9 presents the technical architecture of the system. Chapter 11 contains a mapping of the scenarios (Chapter 7) onto WBT-Master tools and is followed by a list of references.

Chapters  2, 3, 4 and 6 contain a comprehensive analyses and overview made by the author, but should not be seen as an author’s own contribution. All other chapters contain the author’s original material. 

Thus, chapter 5 describes the HM-Data Model which was developed by the author in collaboration with Professor Hermann Maurer and widely published ([Maurer, 1993], [Maurer 1994a], [Maurer, 1994b], [Maurer, 1995], [Maurer 1996b], [Maurer et al. 1996c], [Maurer 1998a]).

Chapter 7 accumulates the author’s 5 years experience of using Internet in education. WBT-Master concepts as they presented in Chapter 8, were developed by author on the base of his WBT experience. The system architecture (Chapter 9) and the system implementation (Chapter 10) are innovative and were developed by author.

2 WBT and Hypermedia

It is widely recognised that the Internet offers tremendous potential for education. For example, it is an excellent distribution channel for educational materials and courseware in particular. The Internet supports two distinct techniques for the dissemination of courseware, packaged distribution and on-line browsing.

Packaged distribution refers to the retrieval of entire courseware packages using the File Transfer Protocol (FTP). In this approach, a specific chunk of courseware is prepared for a particular platform using a particular authoring system, and is simply offered as a whole to users of the same platform and operating environment. Except for the time factor involved, there is no significant difference to physically distributing the courseware on diskette or CD-ROM.

On-line browsing refers to the interactive browsing of courseware, which is presented in the form of large-scale, distributed hypermedia databases. System supporting such online browsing is normally referred to as Web Based Training Systems.

The term Hypermedia was coined first by Theodor Nelson in 1965 in a paper entitled “A File Structure for The Complex, The Changing and the Indeterminate”, where he describes a system of non-linear nature designed for storing Films, sound recordings and video recordings. He defined it as “a body of written or pictorial material interconnected in a complex way that it could not be conveniently represented on paper. It may contain summaries or maps of its contents and their interrelations; it may contain annotations, additions and footnotes from scholars who have examined it.” [Nelson, 1965]

The original idea of hypertext was first put forth by Bush in July 1945. He described a device called “memex” in which an “individual stores his books, records and communications, and which is mechanised so that it may be consulted with exceeding speed and flexibility. It is an enlarged intimate supplement to his memory.” [Bush, 1945]. He described the essential feature of memex as its ability to tie two items together.

The concept of hypertext has been around for a long time. The conventional dictionary and the encyclopaedia are very old forms of hypertext. These can be viewed as a network of textual nodes joined by referential links. The Talmud, with its heavy use of annotations and nested commentary, and Indian epics such as Ramayana and Mahabharata (with stories branching off to other stories and cross-links to characters and incidents in other stories) are ancient prototypes of hypertext representation.

The above definitions and clarifications notwithstanding, recent developments in Information Technology have added to the confusion on the concept of Hypermedia, even among experts. Hence it becomes essential to define what is exactly meant by the terms Multimedia, Hypertext and Hypermedia.

2.1 Multimedia

The term Multimedia usually refers to a combination of various media used to convey information, the media under question being text, graphics, cartographic material, 3D scenes, pictures, video and audio in digitised form. Newcomb defines the term as “a parcel of information intended for the human perception that uses one or more media in addition to written words and graphics. The presentation of the added media may occupy time, space, or both” [Newcomb et al., 1991].

Today’s computer systems are in a position to process and store huge amounts of information in the form of text documents, digital images, animation sequences as well as digitised audio and video information etc. This storage and retrieval capacity is being used to an increasing extent – from small documents to large Encyclopaedias and database systems, and hence the increasing popularity of desktop publishing software, presentation programmes, video conferencing, CAD systems etc. all of which help the user to manage information explosion more easily and efficiently.

2.2 Hypertext

The term Hypertext refers to a modern philosophy of non-sequential representation and access of information. Nelson used the term “hyper” in the sense of “extension” and “generality”, and described hypertext systems as “text chunks connected by links which offer the reader different pathways”. Newcomb et al. Give a more precise definition of hypertext: “A hypertext document is a parcel of written and graphic information intended for human perception, which can be explored and presented in a variety of sequences, using a set of traversable connections usually called ‘links’…” [Newcomb et al., 1991].

In contrast to a linear information medium, such as a book, which is read sequentially from beginning to end, a hypertext system is inherently non-linear. Rather, it contains many inter-linked chunks of self-contained text, and readers, not being constrained by any pre-defined sequence, can browse through the information intuitively by association. The following figure shows the basic difference between a linear text system and a hypertext system.
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Figure 1 - Structures of a Linear-Text System and a Hypertext System
The self-contained nature of the hypertext system is of enormous importance in this context. While the traditional, linear writing system envisages a piece of text only in well-defined contexts, whereby it is embedded within the linear structure of the entire work, the same piece of text in a hypertext environment could be accessed from any other piece of text in the system, and in turn, could point to any other piece(s) of text as successor(s). Thus neither the context nor prior knowledge can be assumed, before the text is made available for access. This is the main reason why each individual piece of text is supposed to be self-contained in a hypertext system.

In this context, Conklin mentions the “modularization of ideas”. Hypertext invites the writer to modularise ideas into units in a way that allows:

• an individual idea to be referenced elsewhere, and

• alternative successors of a unit to be offered to the reader.

But the author must also reckon with the fact that a hypertext node, unlike a textual paragraph, tends to be a strict unit which does not blend seamlessly with its neighbours [Conklin 1987].

A novel definition of the hypertext system was given by Nielsen, who said “a hypertext system is a database system which provides a totally different and unique method of accessing information. Whereas traditional databases have some structure around them, a hypertext database has no regular structure” [Nielsen, 1990]. In other words, the user is free to explore and assimilate information in different ways.

In summary, a hypertext is a database system which provides a unique and non-sequential method of accessing information. The essential features of hypertext are nodes and links, while links connect nodes related in a certain manner, it is the linking capability which allows the non-linear organisation of text.

2.3 Hypermedia

Hypermedia is the generalisation of hypertext to include other kinds of media – not just text documents. However this traditional definition does not convey all the significance and functionality of current hypermedia systems, and the possibilities modern technology offers. Not all multimedia applications are necessarily hypermedia applications – the term has to be used for those systems that allow users to forge their own non-linear paths through images, sounds and text. “Being multimedia is not quite enough for a program to be hypermedia” [Nielsen 1989]. Thus, the early Hypertext system have evolved, or rather, are in the process of evolving into true Hypermedia systems, with the inclusion of Multimedia elements to a text-only structure. The Figure below serves to illustrate this.
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Figure 2 – Hypertext and Hypermedia

Adding pictures and sound to a hypertext can make the application much more expressive. Browsing a hypermedia system is exciting because it is no more the passive act of watching a film or Television. On the other hand, the same process of browsing through the system can also be confusing and intimidating for the user, as there are a lot of possibilities for the sequence and the structure of the system to mislead the user away from the information being sought.

The other aspect is the increasing complexity during the transition from a mere hypertext system to a hypermedia one. As the number of media types to be included in the system increases, not to mention the number of permutations and combinations of navigation sequences that the user can adopt, the effort to author and maintain the components of the system becomes a herculean one. Thus the design of the system should be such that the integration of multimedia should burden neither the author nor the user – neither during authoring nor during browsing – while maintaining the inherent non-linear structure all the time.

2.4 The evolution of Hypermedia

In order to understand how and why the concept of hypermedia has evolved into what it is now, it is essential to understand the history of hypermedia and its background of implementation. The conceptual basis of any hypermedia system is the model of information space as a graph whose nodes store information and whose arcs represent semantic relationships. Thus, given the nature and scope of modern means of Information storage, Hypermedia can be defined as a style of building systems for organising, structuring and accessing information around a network of multimedia nodes connected together by links [Conklin, 1987].

The Figure below illustrates the basic model of a simple hypermedia system whose nodes (represented by mini circles) store information, and the directional links between the nodes represent the semantic relationships between the nodes.

[image: image3.png]



Figure 3 - Nodes and Links in Hypermedia

The concept of Hypermedia owes much to the fascination of information scientists with the functioning of the human brain, which relies on associative memory. While the complex nature of the human brain enables multidimensional association of various pieces of information, conventional methods of representation of information have been mainly linear in nature. This is best illustrated by books, which can only provide an imperfect match to the scale of information processing as exhibited by the brain. Even the use of citations, annotations, references, footnotes and endnotes only serve to highlight the drawbacks of conventional media.

Moreover these stylistic devices (citations, references etc.) which make books “multidimensional” are subject to physical restrictions (printing space, availability/accessibility of cross-referenced sources etc.). The advent of computers and communication networks has for the first time enabled the realisation of a hypermedia system that overcomes these limitations. Hypermedia Technology takes advantage of this to allow representation of information in its true multidimensional form resembling the presumed representation of information in the brain. From the perspective of analogy with the human memory, we could thus describe a hypermedia system as a facility allowing the storage and access of associative information structures.

Thus it can be seen that the information stored in a modern hypermedia system tries to encompass all media that current computers can process, including text, graphics, animation, digitised pictures and sound.

2.5 Hypermedia Systems in practice

The model of the brain as an associative memory system is certainly useful, but it might be more useful to study the analogy between hypermedia systems and conventional libraries. This is easier as we are all familiar with libraries and have learned or developed strategies for using them. The library is thus a useful metaphor that allows us to understand and extend hypermedia principles. Thus a hypothetical computerised library storing a large number of multimedia documents and accessible through a workstation with multimedia capabilities can be used to illustrate the working of a hypermedia system.

When a user enters this computerised library, he/she is presented with a variety of tools allowing the selection of a particular item or browsing through the contents of the system in a more or less organised way. When a document is selected, the system displays the contents of this document on the screen. Depending on the nature and structure of the document, the display might vary. For example, if it is a document from a book or document, it probably contains some cross-references to other documents, books or documents (such as “see [1]” or “turn to document 45”), implied references (such as “Figure 13”), footnotes, endnotes and even annotations in the same document. Whereas in a conventional book, such peripheral pieces of information are represented in one of the established ways and the user accesses them by finding the document containing the reference mentioned, for example, a hypermedia system would use embedded pointers as links between the various documents. The presence of a link in a document would be marked by some system dependent marker such as an icon or by highlighting. The marker, often called a “hyperlink” might be displayed only if the user explicitly requests it.

The following figure shows how the terminal might look like for a hypertext/hypermedia system. The screen shows the document(s) currently being viewed, namely document A and document B. Document A contains hyperlinks to documents B and G, while B contains hyperlinks to F and A.
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Figure 4 - Hypertext/Hypermedia system
The lower part of the illustration shows the actual database structure consisting of the documents (nodes) and the links between them. The correlation between the screen display and the database contents is also shown using thin dotted lines.

To view the document being referenced, the user of the hypermedia system has to only activate the hyperlink pointing to the document. This ‘activation’ is usually performed using a mouse, keyboard or other input devices, through which the user points to a hyperlink on the screen and expresses the desire to view the document – by clicking a mouse button, typing a key etc. On activation of the hyperlink, the system extracts the contents of the destination node from the hypermedia database and presents it to the user on an appropriate output device.

While most of the information contained in such documents is textual, as opposed to a conventional library the hypermedia system also allows the embedding of graphics, animation, digitised sound and other media. Thus modern hypermedia systems are equipped with multimedia hardware that can deal with the above document types.

Once the user has examined the current node, he/she can choose to follow the links in the node to further footnotes, annotations, cross-references and so on to any desired path. Given the proper authorisation, the user may also attach personal annotations, create new links and data items etc. (With proper authorisation, it would also be possible to remove links, documents etc.)

After examining the document, the user can return to the original point of departure by clicking an icon or a menu item. Finally, upon leaving the system, a snapshot of the context may be captured allowing the user to open the system in the state in which it was abandoned.

As the preceding section has described, a hypermedia system has a number of advantages over conventional information sources like libraries:

• it provides very fast access to information represented in a broad range of media;

• it simplifies adding and editing of information;

• and it implements relations between individual pieces of information such as cross-references electronically, allowing fast access and simplifying editing.

In addition, retrieval of information is unhindered, even if the same document is in use by several users at the same time, since any number of copies may be produced on any number of output devices simultaneously.

Hypermedia systems redefine the distinction between authors and readers since all users with proper authorisation are in a position to create private or public data items and links between them, and the tools for such modifications are available to authors and readers as well. An additional important advantage of hypermedia systems is that they can be implemented in a distributed network, providing means for communication and collaboration.

Understanding the structure of a hypermedia system and using it to extract information is one thing, but to design a hypermedia system that is tailored to meet the specifications of a certain information system, and to implement it is another. This is where the concept of data modelling comes into play. As already mentioned, hypermedia systems attempt to model an existing information system and the processes that go hand in hand with it – namely the human brain and the non-linear associative and thought processes that are characteristic of the brain. But the nature of information stored in the original system has to be studied and modelled before it can be implemented in a new artificial information system. To understand how hypermedia systems are implemented in the real word, it is essential to grasp what data models are and the concept of data modelling itself.

2.6 Data Model

For data to be useful in providing information they need to be organised so that they can be processed effectively. In data modelling we try to organise data so that:

• they represent as closely as possible the real world;

• they are amenable to representation by computers.

To determine how best to organise data for any given application we need to understand the characteristics of data that are important for capturing the essence of their meaning. These characteristics allow us to make general statements about how data could be organised and processed in many different applications.

A consistent, formal set of such statements defines a DATA MODEL [Tsichritzis et al., 1982]

In other words, a data model describes the organisation of data. It is composed of a defined set of elements and structures along with valid operations which can be performed on those elements and structures. Applying this metaphor to the task of programming, we can say that all programming languages incorporate a data model in their design. For example the C programming language defines a set of types which can be used to build programs (int, double, ...); that set of types and their associated operations is the data model for C programs. Similarly, while not full-fledged programming languages, APIs define a data model for the resources to which they provide access by defining a set of functions (which are analogous to operators in a programming language) and defining types which are passed to, or returned from, those functions.

A parallel line of thought would also lead to the concept of objects and object oriented programming. Here, an object as an entity is associated with data the object deals with, and the procedures/subroutines that handle the data. Again, trying to view the data as something entirely independent of the procedures might not be a good idea, as the two complement each other, and the very concept of the object requires both to be available. Needless to say, the concept of object oriented programming is finding increasing use in simulation/emulation of real world objects, as each object in the system is supposed to be self-contained and portrays the real world entity in its entirety. Contrast this with the classical structured programming, where the individual data structures and procedures that operate on them rarely succeeding in portraying real world objects and happenings.

Thus, it can be seen that Data models are important because they provide a way to describe the types of information that can (or cannot) be described using a given programming language or API, or as in our case, the Hypermedia System.

2.7 Basic Hypermedia Model

The paradigm of data types, data structures and the set of operations that can be performed on them can also be applied to the concept of hypermedia systems, since here also the user has to define the scope of data – nodes which are basically hypertext and multimedia objects – and also the operations that are to be performed in order to make the system navigable and usable in general.

Since the nodes and links formed the basis of the initial data models developed for hypermedia, it shouldn’t come as a surprise that the Node-Link data model is also referred to as the basic Hypermedia model, and as such, is very crucial for understanding the concepts of various hypermedia models.

Virtually, all hypermedia systems are founded in basic hypermedia model. Likewise, a large part of current hypermedia research assumes the underlying existence of this basic model [Rivlin et al, 1994]. Thus, it would be useful if we define the basic hypermedia model. We can divide basic hypermedia model in two distinguished but interdependent submodels.

The first one is the data submodel. According to this submodel Nodes are interconnected with directed Links forming the structure of a directed graph (see figure below). Addition, deletion, update of nodes, links are valid operations.

Process submodel is the second element of basic hypermedia model. This submodel concerns the information access mechanisms of information network and is foremost characterised by its generality, flexibility and incompleteness. For example, E.F Codd in his ACM Turing award lecture defines a data model as a combination of a data structure, operations and integrity rules.

In this sense, hypermedia data model is incomplete, since it does not define any constraints - e.g. whether the insertion of a link is valid without associating it to a destination node [Gronbajek et al, 1994] for determining the consistency of information network. On the other hand, the process submodel is very primitive, without using detailed specifications for defining navigation access (e.g, how a user activates a link, what actions are involved in the process of navigation itself etc.). The figure below shows the relation between the data and process submodels of a hypermedia data model.
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Figure 5 - Basic Hypermedia Model
Nodes are the primitive unit for organising information in hypermedia network. Nodes function as collections of primitive unstructured data which are bound together in order to create one logical entity. The purpose of this logical entity should be to provide a coherent information abstraction to existing information space. For example, in a hypermedia system about the lifecycle of a frog, a node can combine a text description, a sound information, a graphics picture and a digital video about the metamorphosis of a tadpole into a frog.

[image: image6.png]lext





Figure 6 - Node
Links are the other fundamental units of the data submodel; they implement the directed interconnections between nodes. Links are directed and start (are “anchored”) in a departure node (usually the anchor is a part of the node)and terminate in a destination node (usually the whole node ). A user can activate a link and so move to the destination node.

The process submodel is the second element of the basic hypermedia model. This submodel concerns the information access mechanisms of an information network and is mainly characterised by its generality, flexibility, and incompleteness. Navigation, whereby the user moves through the hypermedia network by activating and following links from one node to another, is a defining feature of hypermedia [Nielsen 1990]. Navigation is the primary method of accessing information in a hypermedia network, and is the most essential aspect of the basic hypermedia process submodel. The basic characteristic of navigational access is that users navigate by self-motivation without having any external navigational aid. Some primary navigational functionality like the ability to backtrack to a previously visited node, or to move to the very first visited node, could be regarded as part of basic process submodel.

It is most important to realise that hypermedia, being a non-linear medium, poses unique challenges to the user, as far as the process of accessing information is concerned. The purpose of a well-designed hypermedia program is to provide a supportive environment in which users can access and annotate information. The most significant advantage from the user’s point of view is that in order to access information in the system, the user need not necessarily formulate any query or perform a search. Instead, the system presents a graphical point-and-click style interaction, which is easy and intuitive, even for users unfamiliar with the system. Thus, the process submodel deals with a number of navigation strategies [Andrews 1995], such as:

• Scanning: covering a large part of the system without going into depth, that is, without following a continuous sequence of links.

• Browsing: following a path by association, until required information is located.

• Searching: looking for certain information in particular.

• Exploring: finding out the extent of the information space.

• Wandering: ambling along the system without any specific purpose or structure.

The very basis and origin of Hypermedia suggests that associative browsing is the most natural way of gathering information from Hypermedia, although this increased freedom introduces additional complexity. The typical user action during this browsing is the jump between nodes of the system. Thus on each step of browsing process, only one node is displayed on the user’s screen (the current node). Links emanating from the current node point to nodes, which can be accessed on the next step of browsing. All links emanating from the current node are visualised in the form of anchors on the user’s screen. Users manually select a link (i.e., an anchor) to jump to a destination node where the process is repeated.

3 Conventional WBT systems

Generally speaking, the term “WBT” refers to a range of systems that support at least:

• developing of high quality multimedia courseware;

• repository of learning resources available world-wide, including not only courseware, but also personal info on peer helpers, on-the-fly contributions of previous users, etc;

• easy access to the learning resources “anytime anywhere”;

• support for personal definition of learning goals and variety of novel learning methods;

• synchronous and asynchronous communication and collaboration among learners and between learners and experts;

• database of previously answered questions to automatically answer similar ones;

• testing of knowledge level;

• customisation courseware to the knowledge level and the cognitive style of the learner;

• IPR protection and brokerage of relevant learning services;

• progress tracking and certification as support for assessment and recognition aspects of the acquired skills.

Practically, any WWW site containing educational material is called a WBT system.

All experienced users have discovered that there is a considerable gap between these two definitions. Thus, a typical WWW site just covers one of requirements mentioned above – easy access to educational materials “anytime anywhere”, leaving all others to especially developed applications – communicational packages, authoring packages, intelligent agents, etc.

Thus, we face a situation where courseware is structured in accordance with the basic node-link model and all other WBT information services should be mapped onto this model having a number of serious flaws particularly when applied to the WBT.

Here is a list of a few illustrative examples, in no particular order, since the relative seriousness of a problem is highly dependent upon circumstance:

• Insufficient structuring and lack of metadata.

The Web is probably the most chaotic information system known to mankind. The lack of inherent structure and the lack of sufficient metadata constitutes a serious source of frustration to all dedicated users.

• A limiting link philosophy.

Back in 1991 Frank Halasz referred to the “tyranny of links” [Halasz 1991]. Seven years later this is still of serious concern to users and Web administrators alike. First, links are left dangling by the removal or relocation of documents and, unfortunately, no administrator can manually keep track of the thousands of links found in any large system. It is this problem of dangling links (one of the most fundamental problems of all large systems) that is addressed in Section 3.2.3. Second, links should not be “hardwired” into documents but kept as separate objects, so that, for example, different users may see different links and users may even add their own links. Third, links are important not just in text and graphics, but especially in video sequences, audio sequences, and 3D scenes. This is something that is impossible to achieve with hardwired links without redefining formats.

• The “lost in hyperspace” syndrome.

Although with experience (and with the help of the history lists provided by browsers) users can usually retrace their recent movements on the Web this does not provide them with any sense of location.

• Poor search hit rates.

Poor support for filtered searches, particularly across index boundaries, means unreliable search results. In addition, the dynamic generation of links poses an entirely new challenge to search engines.

• Inadequate authoring support.

Authoring large collections of data is not adequately supported. E.g., many of the links that most systems require to be introduced manually could be generated by the system.

• Binding links.

Links point to addresses of documents and not to the specific content.

3.1 Problems with the Basic Hypermedia Data Submodel

The basic hypermedia data submodel is incomplete, since it does not define any constraints (e.g., whether the insertion of a link is valid without associating it to a destination node [Gronbajek et al. 1994])for determining the consistency of the information network. Also, the process submodel is very primitive, since it does not provide detailed specifications for defining navigation access (e.g., how a user activates a link, what actions are involved in the process of navigation itself, etc.).

The Basic Hypermedia Model is very easy to implement; the fact that the system can be built up using simple tools has been the very reason for its success. Nevertheless the basic node-link data model sports a lot of disadvantages and lacks certain features which would otherwise make it a suitable model for more demanding hypermedia applications.

The major drawbacks of the basic hypermedia model can be stated as follows:

• The process of authoring and maintaining link integrity is tedious.

• Logical integrity is not supported.

• Links are not context-dependent, which rapidly leads to user disorientation (”Getting lost syndrome).

• The reuse of hypermedia material is unsatisfactory.

• Lack of overall structure.

3.1.1 Authoring

In the case of the basic hypermedia model, where authors have to be responsible not just for the content of every new document, but also for the proper integration of new documents into the existing system, authoring is much more than just putting together multimedia objects into one document. Authoring obviously has much to do with the structuring of ideas, order or presentation, and conceptual exploration [Conklin 1987].

Once an author has created an information unit (a node) the node has to be linked with other nodes in the system. Since there is a large number of nodes already present in the system, the author has to select the ones that are most relevant to the one being introduced now. Thus the basic task of authoring a new node consists of four steps:

• Creating and inserting the new node into the system.

• Identifying existing nodes that would be the referring nodes for the new node.

• Identifying existing nodes that the new node should refer to.

• Setting the links between the identified nodes and the new node.

As it is evident, the sequence of operations is more complicated than just simple authoring. The identification of which existing nodes must be linked with the new node is only possible if the author of the new node is totally familiar with the entire system.

As a further example of the complexity of hypermedia authoring consider a simple hypermedia system that has documents sorted by name and an index of all the documents available. The basic navigation steps available are:

• Accessing a document directly from the index.

• Sequential browsing of the documents, where the user jumps from one document directly to the next in the sequence (without using the index).
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Figure 7 - Simple Hypermedia system
As it is shown in the above diagram, there are three documents, named A, C, and D in the system. The index lists all three and the user can jump to any document directly from the index. Alternatively, once a document has been reached, the user can also jump to the next one using the link called Next.

Assuming a document B has to be inserted between A and C, the following operations have to be performed:

• Insert document B into the document space;

• Insert B into the index;

• Update the link Next in A, so that it points to B instead of C;

• Set the link Next in the document B, so that it points to C.

The inherent non-linear nature of the hypermedia system tends to create a certain tension between the author and the reader [Bernstein 1991]. If the author chooses to impose a rigid organisational scheme on to the content, it may arouse a degree of resentment. But by offering a richer web of links, the author acknowledges the reader.

3.1.2 Logical integrity and dangling links

The basic hypermedia data model does not consider certain operations like deleting nodes. What happens, for example, when the node C in the above system is deleted? What happens to the links pointing to C? A user trying to follow such links, with the intention of retrieving the node would end up in nirvana. All links pointing to a node that doesnt exist any more are said to be dangling links. The system cannot reconfigure itself in response to changes to the information it contains [Halasz 1988].

3.1.3 Non contextual links and user disorientation

The basic hypermedia model is fairly flexible, in that very general abstractions (nodes, links, collections, paths etc.) are provided for storing and retrieving information. To the system, all nodes and links are basically objects to be stored, retrieved, displayed etc. while for the user, nodes and links are filled with meaningful contents and are organised into meaningful structures. Unfortunately, the system cannot support users by operating on this meaning [Halasz 1988]. When browsing through a linear information system (such as a book) the user has only two choices of movement when looking for information: forwards or backwards. But in the case of a hypermedia system, the plethora of choices available for navigation can become confusing; the user can lose orientation in the hyperspace.

When creating a hypermedia document, an author has to make certain assumptions about the context in which the document will be read. However, since the structure of the hypermedia system is more open ended than that of a linear system like a book, the boundaries between topics can get fuzzy. Let us consider a hypermedia system that has a collection containing everything about electricity, and another collection that contains information about famous scientists. Let us also assume that each node in the collection also contains links to succeeding nodes in the collection.

Obviously, a document about Benjamin Franklin (who first investigated lightning) would be present in both collections. As a member of the first collection, the document could have a link to a document describing Ohms Law, for example. But as a member of the second collection, the successor of the document might be one on Guttenberg, the pioneer of printing technology.

Thus, a user trying to learn more about electricity, on reaching the document on Franklin, might branch off into the document on Guttenberg, which is totally out of context. Again, this document might lead to documents on paper, the evolution of book, etc. All this leads to user disorientation, or the phenomenon known as the “lost in hyperspace” syndrome [Bernstein 1991]. Second generation hypermedia systems try to avoid this problem by using local maps, fish-eye views or other hierarchical structures and location feedback [Kappe 1995].

This problem has been identified and discussed extensively in the literature. Van Dam, in his Hypertext 87 Keynote address, compared hypertext to the GOTO spaghetti of unstructured programming [Van Dam 1988]. De Young suggests that high level structuring mechanisms should be used in hypermedia systems, while pointing out the similarities between pointers and links, hypermedia structures and abstract data types, etc. [De Young 1990].

3.1.4 Reuse of Hypermedia Material

Reuse - broadly defined as the use of existing information objects or software artefacts in different contexts and for different purposes - is a technology for improving productivity, reducing the production effort and cost, and increasing the quality of end applications (promoting consistency and therefore improving usability).

Reuse is a crucial issue in hypermedia applications. Reuse may be applied to items of different sizes and different complexities, from an elementary value to a large structured portion of the application. It may involve several aspects of the hypermedia application (content, organisation, presentation and connections). It can be implemented with different techniques, by creating a new copy of an item, or by sharing the same item in two (or more) different contexts [Garzotto et al. 1996]. This is particularly critical if the author wishes to reuse material that has been created by another author. The second author might be able to refer to those documents in the documents he creates, but has no control over the contents of the documents being referred to. Again, it might be desirable to update the contents of the original document(s) by, for example, setting links to new documents in the system etc. Given the simple structure of first generation hypermedia systems, this would involve making an exact copy of the original, leaving the original as it is, modifying the copy abd inserting the copy as a new document.

3.1.5 Lack of structure

The simple basic hypermedia model is not rich enough to support the organising, structuring, and accessing tasks required by many applications [Hammond 1993]. Problems like user disorientation, development of user cognitive overhead and the manual construction of the information network dominate current hypermedia systems [Ramaiah 1992].

The basic Hypermedia Model is a flat structured system, though structures like collections (see below) do attempt to introduce some order in the otherwise chaotic hyperspace. The freedom given to authors to introduce new nodes and link them with existing ones is of course a welcome feature. But it also leads to the so-called spaghetti structure that makes managing the system more difficult as the system expands.
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Figure 8 - Hypermedia system growing
As illustrated in the above figure, if a hypermedia system keeps growing constantly, with new nodes and links being added on a regular basis, a basic node-link structure becomes insufficient to manage all the information available, and the administrative tasks become time-consuming. As hypermedia systems become larger, more dynamic and possibly distributed, it becomes less and less possible to create and maintain the entire hyperweb of information solely by means of the basic node-link hypermedia paradigm. [Maurer et al. 1996].

This aspect can be compared with the goto construct of some programming languages. Several studies show that users identify Goto facilities as the main cause of their disorientation [McKnight et al. 1989], [Nielson et al. 1989] The similarities between unstructured transfers of control in programming and the use of arbitrary links in hypermedia, however, go beyond the simple metaphor. Arbitrary linking, like arbitrary use of goto, is too primitive; it is too much an invitation to make a mess [Dijkstra 1968].

3.2 Approaches to Solving the Problems of the Basic Hypermedia Model

All told, it is time that the future direction of the Web was seriously reviewed. Based on a small foundation, very complex add-ons have been developed so that what we see now as the Web is a grand but shaky building. Will the evolutionary philosophy of the World Wide Web Consortium (W3C)(based on the hundreds of great ideas that have not been taken up so far)turn it into a really universal tool? Or will it drift closer and closer to chaos, sparking at some stage a revolution and replacement by a “Web2” -– whatever that may be.

Following the four-level architecture of database systems, approaches to solving of the problems of the Web could be classified as extensions applied to the logical, physical, semantic level of the Web or as extensions to the visualisation of the Web content.

This paper describes a number of approaches applied to the logical level of the Web including also a comparison of a number of different logical data models, such as Hyperwave data model, HM-Data model, Dexter data model, Amsterdam Hypermedia Model etc.

Extensions to the physical level of the Web data modelling or to the current trends in the visualisation of the Web content are not addressed in this work.

4 Current trends in Hypermedia Data Modelling

The basic node-link paradigm which is utilised by WWW, is based on two main entities - nodes and links. Nodes are multimedia documents where both structure and content is defined by means of the HyperText Mark-up Language (HTML) that was specifically designed for WWW. This is the first crucial point for our analysis: WWW does not separate a document's structure from its content. In WWW, documents are devoid of any attributes separated from an actual content data as is usual for information objects in conventional database systems: this is a second point which we would like to stress. Links in WWW are defined between so-called anchors (source and destination anchor, respectively). The source anchor is embedded within the content data. Thus, such links are bound to a particular destination anchor by some form of mark up within the content data. Links are also devoid of any attributes.

If we compare all existing proposals for new hypermedia data modelling paradigms with the previously discussed node-link model, we see the following main trends:

• Extending the basic hypermedia thesaurus containing notions of nodes, links and anchors with new data structures - collections, structured collections, composite components, compounds, containers or whatever. Such new data structures are addressable entities containing other data structures, nodes and links as elements ([Maurer 96b], [Maurer 94], [Hardman 94], [Streitz 92], [Garzotto 91]). We will call such data structures composites in the further discussion.

• Providing some metastructuring mechanism (often, referred to as templates) to predefine the structure of a number of multimedia documents, thus separating the structure from the content data ([Zellweger 89]).

• Providing multimedia documents with some attributes in addition to the content data ([Maurer 98], [Lennon 97], [Andrews 95]).

• Upgrading links to independent, addressable objects separated from document content ([Maurer 98], [Lennon 97], [Maurer 96a]).

• Extending the notion of an anchor by associating procedures which locate documents at run-time and even dynamically generate destination documents at run-time [Maurer 96a].

From the previous chapters it should be evident that the simple Node-Link Data model is very easy to implement. The very fact that the system can be built up using simple tools has been the very reason for its success. Nevertheless the basic node-link data model sports a lot of disadvantages and lacks certain features which would otherwise make it a suitable model for more demanding hypermedia applications.

As mentioned already, the node-link data model is basically a flat structured system, though structures like collections do attempt to introduce some order in the otherwise chaotic hyperspace. The freedom given to authors to introduce new nodes and link them with existing ones is of course a welcome feature. But it also leads to the so-called ‘spaghetti’ structure that makes managing the system more difficult as the system expands.

As can be seen from Figure 8 on page 19, with a hypermedia system that keeps growing constantly, with new nodes and links being added on a regular basis, a basic node-link structure becomes insufficient to manage all the information available, and the administrative tasks become time-consuming. As hypermedia systems become larger, more dynamic and possibly distributed, it becomes less and less possible to create and maintain the entire hyperweb of information solely by means of the basic node-link hypermedia paradigm [Maurer et al.1996].

This aspect can be compared with the ‘goto’ construct of some programming languages. Several studies show that users identify Goto facilities as the main cause of their disorientation [McKnight et al. 1989], [Nielson et al. 1989] The similarities between unstructured transfers of control in programming and the use of arbitrary links in hypermedia, however, go beyond the simple metaphor. Arbitrary linking, like arbitrary use of goto, is too primitive; it is too much an invitation to make a mess [Dijkstra, 1968].

If the system is large, major problems arise even while performing simple tasks of navigating and searching.

Once the author has created an information unit (a node) the node has to be linked with other nodes in the system. Since there are a large number of nodes already present in the system, the author has to select the ones that are most relevant to the one being introduced now. Thus the basic task of authoring a new node can be said to consist of three steps:

• Creating and inserting the new node into the system;

• Identifying existing nodes which would be the referring nodes for the new node;

• Setting the links from the identified nodes to the new node. The selection of the referring nodes and setting the links is compounded by the fact that not all the nodes are relevant to the new one and hence the author has to naturally ignore them.

Here, the inherent non-linear nature of the hypermedia system tends to create a certain tension between the author and the reader [Bernstein, 1991]. If the author chooses to impose a rigid organisational scheme on to the content, it may arouse a degree of resentment. But by offering a richer web of links, the author acknowledges the reader’s active participation and bestows upon the reader a measure of liberty and initiative.[Hammond, 1988] It cannot be denied, however, that a clear and limited organisational scheme on an otherwise complex web would reduce the topic’s apparent complexity and comfort the bewildered reader. Hence the author has to decide on these issues when authoring contents for the hypermedia system.

Another aspect of authoring is reuse. A flat structured data model does not aid reuse, as the spaghetti links lead to more cognitive overhead. A node reused out of context can and does normally confuse the reader and defeat the purpose of the entire system. Also the fact that the links need not always be valid – a node moved or deleted from the system could lead to dangling links – complicates reuse.

4.1 Composites

Instead, if the model can be augmented in a such a manner that nodes that belong together and all the links between such nodes can be treated as one entity, many of the above issues can be solved.

Thus the basic hypermedia model lacks a composition mechanism, i.e. a way of representing and dealing with groups of nodes and links as unique entities separate from their components. [Halasz 1988] This concept can be explained with a simple example.

Consider a hypermedia system that contains course modules for Biology. A set of nodes could contain information on frogs. Thus the nodes in question would contain notes on the lifecycle of frog, its behavioural patterns, its reproductive cycle, anatomy etc. As can be expected of a hypermedia system, the individual nodes would contain text, graphic and audio information as and where necessary. All nodes that relate to frog can be clubbed together to form a conceptual group – a composite. Similarly, other composites can also be formed to represent information on other animals.
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Figure 9 - Composite on Frog
The above figure depicts a set of nodes, all of which are related to frog. Each node can be a multimedia document – text, images, animation, audio or a combination of all those media types. The above grouping also defines the links between the nodes within the composite. Here, when the composite is created, all the individual nodes are created first and the links are set between them. They are then grouped together to form a composite structure.

The header node here serves an important conceptual function. It is used for representing the composite as a whole. For example, an author wishing to set a link to the composite on Frog will in fact set the link to the header node of the composite. Similarly, properties that are true of the composite as a whole are also attached to the header node, rather than to each of the component nodes. Some systems like Notecards also provide a browser node which shows the important structural relations between the components of the composite [Halasz 1988]

However, it should be realised that the provision of header nodes for composites is only an attempt to utilise existing mechanisms of the node-link model to implement the composition of individual nodes and links into higher level entities. Unfortunately, this modification is severely limited as a composition mechanism. In Notecards, for example, Clusters (the composite mechanism) cannot be treated as single (compound) entities in the browser card. Browsers can display just the header card, while omitting the links in and out of the component cards. As a way out of this problem, browsers can display all the cards in the cluster. But this again has the disadvantage that the conceptual grouping of the components is not portrayed. This is because the system by itself cannot ‘understand’ the semantics of the composition. In other words, the user intends the header to represent a composition, but the system does not provide for such grouping at a semantic level.

As mentioned in the preceding chapters, the basic node-link model also provides for a collection mechanism. Though it cannot be said to be a composition structure, it does sport some characteristics of the same, in that helps in organising the contents of a hypermedia system, albeit into predefined hierarchical structures. The major flaw in such organisation is that it cannot differentiate between reference relations and inclusion relations. An inclusion relation implies a part/whole relationship in which characteristics of and operations on the whole will affect the parts as well. Reference implies a much looser relationship in which the participating entities allude to each other but remain essentially independent. Thus such structures can be implemented using standard links. [Halasz, 1988]

4.2 Composites in Notecards

Using Notecards as an example, Halasz explains why such a mechanism is basically flawed. The structure used in Notecards is called Fileboxes. The author creates various cards – both text and figures - for a subsection and puts them in a filebox, thus grouping them. These section fileboxes are filed in the appropriate chapter fileboxes. All the chapter fileboxes are filed into one filebox which represents the document as a whole. Using the document compiler, the author can linearise the entire system of fileboxes into one document card that contains all of the text and graphics for the document, which can be then handled as a single entity.

However, the document card is separate from the components in the filebox hierarchy. The document card contains only copies of the text and graphics that go to make the document, and hence changes to the source nodes will not be reflected in the document. Another problem is that despite the filebox hiearchy, the user sees the document only at one level, and cannot zoom in and out of the structure at different levels of detail. In other words, there is no outline view that is critical for authoring and organisational tasks. [Halasz, 1988]

Thus it is evident that the basic Support for composite components is technological development which is very essential for any hypermedia system. Inclusion should be implemented within the model, as opposed to on the top of, all hypermedia systems. Other aspects of hypermedia (e.g. graphical browsers) should support aggregation mechanisms as a construct distinct from standard linear and hierarchical structures.

4.3 Advantages of Composites

The advantages of such augmentation are stated by De Young [De Young, 1990] as follows:

• From the user’s point of view, it becomes easy to develop a mental model of the system and to maintain orientation when navigating through the system. The use of composites reduces cognitive complexity, as cohesive blocks of hypertext can be identified easily. This is further aided by the familiarity with specific structures.

• The system can be tailored to support specific linking structures, particularly at the user interface level, and assist the user by organising and analysing information.

• More efficient implementations may be possible if the structure is known in advance.

4.4 Disadvantages and ambiguities

One problem that composite nodes pose is the fact that as the member nodes grow and change, the aggregation can become misleading or incorrect. A user who encounters this problem is in the same predicament as a writer who has rewritten a section of a paper so thoroughly, that the section title is no longer appropriate or accurate. This semantic drift can be difficult to eliminate. [Conklin, 1987] The above advantages and problems notwithstanding, the design of a composition mechanism raises certain questions and challenges:

• Is it possible or logical to include a node in more than one composite?

• Once a node is referenced by a link, does the link also refer to the context in which the node is to be found? In other words, should the reference also mention in which composite the node resides? If this is possible, then how does this affect the navigation to the node?

• When a node within a composite is modified, does it affect the composite in which the node is found? If there is a new version of the node, does it imply that there is a new version of the composite also?

• Should the mechanism of composites be implemented using existing structures of the node-link data model, or should a new mechanism be evolved for this purpose?

But Halasz also raises the question whether there has been any progress in this field, as far as composites are concerned. He concludes that there has certainly been progress in the theoretical work. People who are building models of hypertext systems have really accepted composites as kind of a standard part of the hypermedia model. [Halasz, 1991]

For example, the nested context model for hypermedia documents describes a nested context model – a conceptual framework for the definition, presentation and browsing of documents. [Casanova, 1991] The model carefully combines hypertext links with the a special type of node called context nodes. Concept nodes are used for grouping together sets of nodes, including context nodes themselves. Such context nodes can be nested to any depth and, thus, generalise the classical hierarchical organisation of documents.
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Figure 10 - Nested composite model
The above figure shows how such a nested composite model can look like when implemented. If the hypermedia composite is designed to represent information on animal kingdom, at the highest level of hierarchy, it may contain composites on the various families of animal kingdom – insecta, mammals, aves, amphibians etc. A composite on amphibians would in turn contain composites on individual species that belong to the family. Thus a composite on frog would be at the next level of hierarchy, and would contain only individual nodes (text, graphics, audio etc.) as the finest level of detail.

For another example, the Dexter Model takes composites as a first class object.[Halasz, 1994] In reality too, composites are beginning to appear in systems that people are building. However, Halasz himself says in a lecture the following: “… what was wrong with the notion of composites. … was limiting myself to the notion of augmenting the node and link model and not necessarily replacing it.” [Halasz, 1991]

4.5 Other alternatives to the Node-Link model

Halasz mentions that there are alternative data models for explicitly representing the relationship among nodes and several of them have actually been explored. The Petri Net model that Stotts and Furuta have put in their Trellis system, for example, is a generalisation of traditional directed graph models. It permits development of browsing and authoring systems that can incorporate the analytical techniques that have been developed for Petri nets and also incorporate the user interface designs that have been developed for hypermedia systems. The Petri net base also permits powerful specification of how the hypertext is to be browsed. New abilities include synchronisation of simultaneous traversals of separate paths through a hypertext as well as of security/access control considerations into a hypertext (specifying nodes that can be proven accessible only to certain classes of browsers). Basically, it is still a network model but it is a different kind of network model.[Stotts, 1989]

The Hypersets idea of Van Parunak [Parunak, 1991] is another example of such a system. A hyperset, or a non-well-founded set, is in simplest terms a set which can contain itself as a member. Much of the power of hypermedia comes from the development of techniques for information management that closely match natural cognitive processes. HyperSet, a hypermedia environment tailored for taxonomic reasoning is an example of this philosophy. People perform taxonomic reasoning when they classify, store, and retrieve a number of similar information objects (such as biological specimens, or linguistic constructions, or research projects). The process is essentially set-based. The user sorts objects into sets based on their characteristics; looks together at members of a single set to search for correlations or discernible subsets among them; examines the different sets of which one item is a member to see whether there are relations among them; and generates new sets from old ones.

Aquanet is also a similar idea that has more or less thrown out the notion of node and link model and taken another data structure as the basis for the hypertext paradigm. [Marshall, 1991] Unlike NoteCards, which supported the capture of specific interconnections between chunks of information, Aquanet has a substantially more complex model of hypertext that involves a user-defined frame-like knowledge representation scheme [Minsky, 1975] with a graphical presentation component. In this model, links are replaced with the notion of a structured relation. Aquanet supports hierarchically extensible typing for nodes and links alike. These provide structural constraints, but no definition of functionality. Thus, the system supports polymorphism, while the other models do not. Aquanet provides no substructure exposure, allowing only linking to whole nodes. Due to this, link endpoints can do no better than link to whole nodes.

4.6 Existing Hypermedia Data Models

The previous chapter(s) described the evolution of the basic hypermedia model, based on the node-link paradigm. The development of an augmented node-link model that supports composite structures for providing a higher level of data abstraction, its advantages, disadvantages and ambiguities were discussed. Having seen some of the features expected of a third generation hypermedia system, it is essential to understand how more advanced hypermedia models implement these features.

4.6.1 The Dexter Hypertext Reference Model

Dexter Hypertext Reference Model is an attempt to capture both formally and informally, the important abstractions found in a wide range of existing and future Hypermedia systems. [Gronbajek et al., 1994] The goal of the model is to provide a reliable basis for comparing Hypermedia systems.[Halasz, 1994] The model is divided into three layers:

• The Storage layer describes the network of nodes and links.

• The run-time layer describes mechanisms supporting the user interaction with the hypermedia.

• The within-component layer covers the content and structures within hypermedia nodes.
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Figure 11 - Dexter Hypertext reference model
As seen in the figure above, there are two interface mechanisms between the three layers [Halasz, 1990]:

• the anchoring mechanism which acts as an interface between storage layer and within-component layer;

• the presentation specification mechanism which acts as an interface between storage and run-time layers.

It should be noted that the authors have taken pains to avoid ambiguity. For example, they use the term component instead node, card or frame [Lennon, 1997]. To be more specific, a component can be one of the following:

• an atom;

• a link, or

• a composite

An atomic component does not contain any other components as its constituent, which is in stark contrast to the composite components. Apart from the usual contents like text, graphics, sound, video etc. such components may also include links with arbitrary arity (N-ary links). Other attributes such as type, keywords etc. may also be associated with the links. Moreover, indirect addressing is also supported. [Lennon, 1997]

The different layers of the Dexter model are described below in detail.

4.6.1.1 Dexter - Storage layer

The storage layer describes a "database" of data-containing components interconnected by relational links. Here, the focus is on the mechanisms by which link and non-link components are "glued" together to form hypermedia networks. Thus, the layer does not differentiate between text components, graphics components etc. All components are equal (i.e they are generic) and they behave just as containers of data. Nor does the layer contain any description of this data or the structure of the data (e.g. the structure of a document ). Rather, the data and the structure of the data are described in the within-component layer.

Storage layer describes the structure of a Hypertext as a finite set of components together with two functions: the accessor and resolver functions. These two basic function are jointly responsible for retrieving components.
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Figure 12 - Storage layer
As can be seen from the above figure, apart the from base component there is a component information entity associated with each component. The component information entity describes the properties of the component rather than its data.

Composite components are constructed out of other components. The composite component hierarchy created when one composite component contains another composite is restricted to be a direct-acyclic graph (DAG), i.e., no composite may contain itself either directly or indirectly.

Every component in the Dexter model has a globally unique identity, which is captured by its unique identifier (UID). UIDs are primitive in the Dexter model, but they are assumed to be uniquely assigned to components across the entire universe of discourse (not just within the context of a single hyperdocument).

UIDs provide a guaranteed mechanism for addressing any component in a hyperdocument. But the use of UIDs as a basic addressing mechanism in hypertext may be too restrictive. Some systems have a query or search mechanism that allows the creation of links to answers of a query, like "create a link to the component(s) containing the word "tadpole". When such a link is followed the component specification must be "resolved" to a UID (if one exists), which then can be used to access the correct component. This is the task of the resolver function, which is given as follows:

Resolver(x):component specification -» UIDs

Similarly, the accessor function of the hypertext is responsible for "accessing" a component given its UID, i.e., for mapping a UID into the component "assigned" that UID.

Accessor(x): UIDs -» COMPONENTs

However, it should be noted that the UID as a basic addressing mechanism may be too restrictive (for supporting implicit linking).

As far as the links are concerned, according to the Dexter model, they are entities which represent relations between other components. They are basically a sequence of two or more "endpoint specifications" each of which refers to (a part of) a component in the system. Links can be directional (one endpoint is a FROM, the other a TO) or bi-directional (the endpoints are called BIDIRECT) or completely undirected. However, links between more than two endpoints must have at least one "destination", i.e. a "TO" endpoint.

4.6.1.2 Dexter - Within component layer

This layer deals with the contents and structure within the components of hypermedia systems. Since this layer is determined by the implementation and may hence vary from system to system, the Dexter model does not define this in detail, rather, it considers the within-component structure as being outside of the hypertext model per se. The range of possible content-structure that can be included in a component is not restricted.

4.6.1.3 Dexter - Run time layer

A fundamental concept in the runtime layer is the instantiation of a component. This is a presentation of the component to the user. Operationally, an instantiation should be thought of as a kind of runtime cache for the component. A "copy" of the component is cached in the instantiation, the user views and/or edits this instantiation, and the altered cache is then "written" back into the storage layer. Note that there can be more than one simultaneous instantiation for any given component. Thus, within a session. each instantiation is assigned a unique instantiation identifier (IID).

At any given instant, the user of the system can be viewing and/or editing any number of component instantiations. Here the concept of sessions serves to keep track of the moment-by-moment mapping between components and their instantiations. Specifically, whenever the user wants to access s document in the system, a session is opened on the document. Following this instantiations of components in the hyperdocument are created. This is known as "presenting" the component. The user can now edit these instantiations, modify the component based on the accumulated edits to the instantiations (an action known as "realizing" the edits), and finally destroy the instantiation (an action known as "unpresenting" a component).Once the user is finished with modifying the document, the session is closed.

The session entity is of significance here – it contains the hyperdocument being accessed, a mapping from the IIDs of the session's current instantiations to their corresponding components in the hyperdocument, a history, a runtime resolver function, an instantiator function, and a realizer function. At any given point of time, the history consists of the sequence of all operations performed since the last "open session" operation. In the present version of the Dexter model, it is used only for defining the notion of a read-only session. It is intended to be available to any operation that needs to be conditionalized on preceding operations.

The resolver function of the runtime layer can be said to be the runtime version of the storage layer's resolver function. Like its counterpart, this function also maps specifiers into component UIDs. However the main difference lies in the fact that the runtime resolver can use information about the current session, including its history, in the resolution process. In contrast, the storage layer has no access to such runtime information. For example, a specifier may refer to "the most recently accessed component named 'metamorphosis'". The runtime resolver is responsible for mapping this specifier into the UID matching this specification. The runtime resolver is restricted to be a superset of the storage layer resolver function; any specifier that the storage layer resolver can resolve to a UID must be resolved to the same UID by the runtime resolver.

The core of the runtime layer is the session's instantiator function. Input to the instantiator consists of a component UID and a presentation specification. The instantiator returns an instantiation of the component as part of the session. The presentation specification is primitive in the Dexter model, but is intended to contain information specifying how the component being instantiated is to be "presented" by the system during this instantiation. It should be noted that the component itself has a presentation specification obtained from the storage layer of the model. This presentation specification is meant to contain information about the component's own idea of how it should be presented. It is the responsibility of the instantiator function to choose from the presentation specification passed to the instantiator and the presentation specification attached to the component being instantiated – this choice is either by selection, combination or any other means. The Dexter model does not make this adjudication explicit.

The present component operation also relies heavily upon this instantiator function, whereby takes a component specifier (together with a session and a presentation specification) provides the input. The instantiator is called using the component UID derived from resolving the specifier. The function in turn is the core of the follow link operation, which takes (the IID of) an instantiation together with a link marker contained within that instantiation and then presents the component(s) that are at the destination endpoints.

The realizer function is the exact opposite of the instantiator function. It takes an instantiation and returns a (new) component that "reflects" the current state of the instantiation (i.e., including recent edits to the instantiation). This is the basic mechanism for "writing back the cache" after an instantiation has been edited. Therefore the function that performs this operation is called the realize edits function.

4.6.1.4 Dexter - Anchoring interface

The Dexter model emphasises on preserving the boundary between the hypertext network per se and the content/structure within the components. Thus the mechanisms in the system cannot depend in any way on knowledge about the internal structure of (atomic) components. To achieve the goal an indirect addressing entity, called the anchor, is used. An anchor has two parts: an anchor id and an anchor value. The anchor value is an arbitrary value that specifies some location, region, item, or substructure within a component. This anchor value can only be interpreted by the applications responsible for handling the content/structure of the component. It is primitive and unrestricted from the viewpoint of the storage layer. The anchor id is an identifier which uniquely identifies the anchor within the scope of its component. Anchors can therefore be uniquely identified across the whole universe by a component UID and an anchor id.

The design of the anchor as realised in the anchoring interface provides a fixed point of reference for use by the storage layer, the anchor id, combined with a variable field for use by the within-component layer, the anchor value. As a component changes over time (e.g., when it is edited within the runtime layer), the within-component application will change the anchor value to reflect changes to the internal structure of the component or to reflect a movement within the component of the point, region or items to which the anchor is conceptually attached. The anchor id, however, will remain constant, providing a fixed referent that can be used to specify a given structure within a component.

4.6.1.5 Dexter - Presentation specifications layer.

This is the interface between the run time and storage layers. It provides the mechanism for encoding presentation specifications into storage layer. As a result, the way in which a component is presented to the user can be a function independent of any specific hypermedia tool. The system thus distinguishes between what “is handled by the system and what is the province of external applications” [Halasz, 1994].

As explained earlier, this is implemented with the help of the entity called specifier which consists of a component specification, an anchor id, and two additional fields: a direction and a presentation specification.

specifier = UID + anchor-id + direction + presentation specification

A specifier specifies a component and an anchor "point" within a component that can serve as the endpoint of a link. The direction encodes whether the specified endpoint is to be considered a source of a link, a destination of a link, both a source and a destination, or neither a source nor a destination. (These are encoded by direction valued of FROM, TO, BIDIRECT and NONE respectively.) The presentation specification is a primitive value that forms part of the interface between the storage layer and the runtime layer. It contains information specifying how to present the anchor(s) in the displayed component.

For displaying a component, the runtime model uses an instantiator function which also uses a presentation specification, containing information specifying how the component is to be "presented" by the system. Also these presentation specifications are primitive in the model.[Halasz, 1994]

4.6.2 AHM - The Amsterdam Hypermedia Model

The Amsterdam Hypermedia Model is basically an extension to the Dexter hypertext reference model, in that timing constraints and link contexts are added to the basic hypertext notions.[Hardman et al., 1993],[Hardman et al., 1994] The model has been designed to handle multiple streams of multimedia data i.e movie, audio, graphics and/or text played along a time-line. The expressiveness of the AHM allows two extreme cases to be modelled: continually playing passive multimedia presentations without links; and semantically typed node/link structures without media items.

The former requires the data elements included in the presentation (video, audio, etc.) to be specified along with their spatial and temporal relations. The latter has an emphasis on link and node types with perhaps only passing reference to data items (if any) related to the structure. A combination of these two model extremes is a rich information specification allowing both explicit temporal and spatial presentation relations closely integrated with typed structural specifications. [Hardman, 1995]
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Figure 13 - Amsterdam Hypermedia Model
The above figure illustrates the main features of the Amsterdam model, and portrays the structural and conceptual differences between the AHM and Dexter model. The elements of the former can be classified into structural and presentational elements, where the latter includes both spatial and temporal layout. Although temporal aspects are commonly assigned to the within-component layer, it is maintained that this practice falls short for large and complex systems [Lennon, 1997].

4.6.2.1 Structural relations

Anchors were introduced in the Dexter model as a mechanism for referring to part of a media item in a presentation, albeit in a media-independent way. Thus they allow data-dependencies to be kept hidden. The main use for anchors is to provide a source or destination object for linking among presentations, when they are used in conjunction with links. Another use is to provide a base on which to attach temporal relations so that internal points within media items can be synchronised with one another. Anchors can be defined in text as, for example, text strings and in images as a part of the image. Anchors in audio and video are conceptually similar, but technically require slightly more complex specifications.

As far as the mechanism of Composition is concerned, in AHM it can be either time dependent or time independent. Time-dependent composition allows the grouping of two or more nodes into one composite node along with their corresponding timing relations.

Parallel composition, where items start together, and serial composition, where one item starts when another finishes are examples of time-dependent compositions. Time-independent composition allows the grouping of items that have no time relations with each other. They may be played at the same time, if the situation warrants it, but there is no pre-defined relation between them.

The problem with links in real-time multimedia is that a presentation normally consists of a number of media items playing simultaneously, and any one of these may have its own duration. In other words, links are not from static text or image items but from a complete multimedia presentation. This leads to the question of where links fit into this more dynamic and complex document structure. The question is how many of the items are associated with each end of the link. For example following a link may result in the complete window being cleared and the new presentation being displayed. On the other hand, the scope of the information associated with the link may only be a part of the original presentation. The Amsterdam model makes this scope specification explicit and calls it the context of a link [Hardman et al., 1993(2)].

4.6.2.2 Spatial relations

The Amsterdam model proposes abstract channels [Hardman et al., 1993], which are higher-level presentation objects which define the spatial relations among objects in a presentation with respect to a window, or relative to another item (or group of items). Channels can be used for defining areas relative to a window into which an object can be played, which means that a presentation is not defined for a fixed window size. Media-independent properties like background colour, or media dependent properties, for example font style and size can also be associated with the channel. This is useful for making global layout changes to the presentation. Though the high-level presentation specification is used as a default, it is also possible to override the default for individual nodes. [Hardman, 1995]

4.6.2.3 Temporal relations

Timing relations in the AHM can be defined between atomic components, composite components or between an atomic component and a composite component. The timing of a presentation is stored within the document structure itself and not as some unrelated data structure (such as a separate timeline). These timing relations are specified in the model as synchronisation arcs (refer to the layers of AHM) The end of a synchronisation arc may be a component, but may also refer to a (single) anchor within a component, allowing constraints to be specified between internal parts of media items. In addition, AHM components can have start-time offsets, duration attributes and preferred viewing options etc. [Lennon, 1997] These specify not only the exact timing relations but also the tolerance and precision properties which are needed when interpreting the desired temporal relation in a real-time environment. [Hardman, 1995]

4.6.3 HOME Data Model

HOME stands for Hypermedia Object Management Environement, an environment built on a data model that applies the concepts of values, objects and sets. The development of HOME is aimed at examining the application of database technologies and methodologies for hypermedia application development, and hypermedia modelling, based on collections of hypermedia objects that are modelled through an inheritance hierarchy

Explained in generic terms, values are basic multimedia data. According to this model they get aggregated into objects, which in turn are constituents of sets. The concept of objects can be compared with nodes in the node-link model, while sets correspond to a link structure over its members. Here the set defines the context for its members, over which the link topology may be defined. Thus the hypermedia database in the HOME model consists of sets over which user states can be defined. Navigation operators operate on and change the user states.

From the implementation point of view, HOME is based on a client-server architecture, where the server takes care of data management. The client interacts with the end user, initiates requests to the server and displays the result. The HOME server is itself distributed, and as can be seen in the layer description, the raw data are separated from the metadata for easier management. [Duval et al., 1995]

The separation of 'raw' multimedia data (audio, still images, video, etc.) and metadata (data describing characteristics of multimedia objects) is due to the fact the two kinds of data are fundamentally different and hence require different tools and techniques for storing and accessing them as well.

The metadata information occupies less space than raw data – for ex., name of author, date of creation etc. would be the metadata for a bitmap image, animation, audio clip etc.

Metadata are well structured, while 'raw' multimedia data usually is not. A bitmap image would be, for instance, just a stream of bits and contains no structural information.

Raw multimedia data are often time-dependent [Hardman, et al. 94] and this requires that the synchronisation between different data streams must be preserved.

The structured nature of metadata makes it very easy to be managed and retrieved using a conventional database system. But raw data is usually stored by such databases in external files or in so called Binary Large OBjects ('BLOB's'). In neither of these cases are they integrated very well in the database. An advantage of separating data and metadata is that a user can examine the contents of the database without having to retrieve the typically very voluminous data objects themselves [Little et al., 1994].
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Figure 14 - HOME Data Model
The figure above shows the various layers of the HOME model, where raw data and metadata are separated for easy management of the hypermedia system. The raw data layer integrates all raw objects that are accessible through services on the Internet. This is important for interoperability as it enables the addressing of all such objects on the metadata level. For this purpose the Universal Resource Locator (U.R.L.) mechanism is used.

The multimedia layer deals with characteristics of the raw data objects considered in isolation. [Duval et al., 1995] Using an object oriented approach, Classes can be defined for different kinds of raw data objects. Thus an (object oriented inheritance) class hierarchy is built up for the atomic data (values) in the system.
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Figure 15 - Values hierarchy
The above figure shows an example of the values hierarchy for a hypermedia system. It should be noted, however, that the HOME model does not prescribe any particular hierarchy. HOME takes a set oriented approach to the organisation of the system, and hence, collects all values in the system into the Universe, D. D can be partitioned into subsets, where the values in each subset have identical properties and operations, and can be further partitioned into sub-classes etc. Hence the application of object oriented hierarchy or graph of values. Additionally, a graph of identifiers (for all values stored in the system) is also maintained by the system for internal purposes.

At a higher level, the values are aggregated into Objects, where an object is defined as a tuple of values from specified domains. In other words, an object class describes similar objects with the same tuple length and whose corresponding values which belong to the same value class. If the value hierarchy can be compared to the basic data types of a programming languages, then the class hierarchy of objects can be compared with application-specific data structures. Thus while the above graph of values is more general and can be applicable to many hypermedia applications, an object hierarchy as shown below will be application specific.[Duval, 1998]
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Figure 16 - Objects
Though the universe of values D and the universe of Objects O are distinct, many object oriented paradigms include objects that are themselves values. This is necessary to model real-world objects, where an object may have other objects as components. This is known as the part-of hierarchy. However such inclusions are mostly referential - instead of including the object itself, only a reference to it is included – which means an object can be shared between many other objects.

The value identifier is used in the HOME model to introduce such referential semantics. Each object in the system has an identifier that is unique, and an object consists of other objects simply uses the identifiers for referencing the components. Here, referential constraints must hold for all attributes (defined over the domain identifier) that refer to other objects.[Duval, 1998].

The concept of sets is used to define contexts, in that sets are used for defining the navigational functionality in the system. However, the concept of sets as implemented here should not be confused with the classical mathematical concept – here the elements of a set are either objects or sets, which in turn contain either objects or other sets etc. The composition of the set is either intensional or extensional.

An intensional definition is based on search criteria that identify the relevant elements. This is more suited for modelling of large hypermedia applications. This ensures that a set remains up to date, as new documents are added to the system.

An extensional definition deals with objects manually added to a set by an explicit request. This is useful for circumventing the limitations imposed by intensional definition.

It is also possible to combine the above two mechanisms, where search criteria include all intensionally defined elements and certain extensional definitions also for the search scope.

The operations on Sets supported by the model are creation, deletion and editing of sets. Additionally, for (partially) extensional sets, elements can be inserted and removed manually.

As per the design of the model, set membership need not be hierarchical: elements can be shared when they belong to different containers [Duval, 1988]. This is very important for the reuse of hypermedia modules. More interesting is the fact that the model allows recursive memberships, where a set may be an element of itself, either directly or directly. Such mechanisms, however, should be used with caution, as they might lead to user disorientation.

The model also introduces the concept of user-state, which is determined by the history (a sequence of sets which have been visited in the current session) and the current situation (which is a combination of the parameters current set, current element and current time). Thus all relevant contextual information is modelled by the user state and can be used to define navigational operations.

The node-link navigation is modelled by HOME using the concept of topology, which defines which elements are accessible in a particular situation. In other words, given a situation, the topology operator defines which elements the user can navigate to from the current element. The result of the topology operator is said to be the context [Duval, 1988].

For the purpose of navigation, the HOME model introduces certain operators:

• Access: this operator can be only be applied to an accessible element of the current set. As a result of this operation, the new element becomes the current one, and is visualised. However, the standard specification of HOME does not allow for the inclusion of access operations (where the user remains in the same context) to be recorded in the history of navigation. The operation can nevertheless be compared to following a link in the conventional node-link system.

• Zoom-In: if (and only if) the current element is a non-empty set, the Zoom-in operator can be used. The result of this operation is that the access operator is applied to the head of the set and thus, the current element becomes the current set while the header of the set becomes the current element. This step is recorded in the history also.

• Zoom-Out: this is the exact opposite of the Zoom-In operation. Here, the situation before the last Zoom-In becomes the current situation. The new current element is thus the set that was the current element before Zoom-In was applied. For this step, the history is backtracked and the retraced steps are removed from the history. It can be seen that if the history is empty (i.e. the current element was the very first element to be accessed during the current session) then no Zoom-Out operation is possible.

• Zoom-Up: this operator helps the user discover which set the current element belongs to. On applying this operator, the set that contains the current element becomes the current set. This operation helps the user to browse through all other elements that are in the current set and are hence relevant to the current element.

4.6.4 HyTime

HyTime is a “Hypermedia/Time-based Document Structuring Language for representing hypermedia, including time and space based documents” [Newcomb et al., 1991] Though developed at an abstract level, the concept is essentially a hypermedia extension to SGML and contains provisions for using structure-based queries to determine link endpoints. Not only does HyTime provide hypermedia support to SGML documents, but it can also express locations within documents which are not in HyTime, SGML or HTML [DeRose et al., 1994].

It is intended to encourage application developers to produce hypermedia applications that can communicate across both software and hardware boundaries. It can be used to facilitate concurrent engineering and other forms of collaborative research [Newcomb et al., 1991] and hence much emphasis is placed on the interchange of time dependent data. HyTime extends SGML to include real hypermedia, in that the placement and interrelation of objects within co-ordinate spaces that can represent space and/or time is supported [Lennon, 1997].

The basic HyTime model includes the following six modules:
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Figure 17 - HyTime Model
The base module includes general management, co-ordinate addressing and activity tracking facilities.

The location address modules is used for locating documents, with the help of Unique identifiers which are defined within documents, which, in turn occupy name spaces. Thus literally anything can become the end of a hyperlink [Newcomb et al., 1991].

The hyperlink module supports the various types of links that are defined in the model – namely independent, property, contextual, aggregate and spanlink.

The FCS modules defines finite co-ordinate spaces by combining any measurable domains on any number of axes, which may be seconds, meters, moles, lumens, grams etc. Objects are scheduled in the FCS’ and are bounded by events.

The Even projection module maps events from one FCS to another according to the units in the corresponding FCS.

The Object modification module provides for the modification of scheduled objects according to user-defined rules.

The first version of the HyTime standard contained a query language, called HyQ. HyQ is a query language whose domain is one or more HyTime documents and it can be used to identify document elements satisfying given structural properties (such as a search for the last paragraph of all documents that were modified after a certain date, etc.) HyQ can be used to form dynamic anchors, or could be used by an external application. Although a few partial implementations of HyTime engines exist, the potential of queries as part of location specification has barely begun to be realised.

However, HyQ is a restricted functional language. It is a mostly side-effect free language (except for the fairly restricted Assign operator). It has limited conditional execution constructs. and focuses mostly on manipulation by querying as opposed to manipulation by dynamic creation. The language appears to permit recursive functions to be written, though the lack of conditional flow of control constructs make tasks like writing a termination condition for a recursive HyQ function appear tricky. Added to this, the inability to re-order node lists, for example by sorting them, seems to be a limitation. There are no arithmetic operators. [Buford, 1996]

4.6.5 The Hyperwave Data Model

Developed at the Institute for Information Processing and Computer supported new Media (University of Technology, Graz, Austria), Hyperwave is a distributed Hypermedia system of the second generation. In stark contrast to the conventional web servers which are based on primitive node-link models, Hyperwave follows a more sophisticated concept, with the following aims [Andrews, 1994]:

• In addition to system access using hyperlinks, facilities for hierarchical browsing and searching are offered;

• Reducing fragmentation of document collections over multiple systems and servers;

• Support of multi-linguality of documents stored in the system;

• User identification and access control;

• Seamless integration with existing information systems;

• Automatic enforcement of document consistency and link integrity.

Hyperwave has its roots in the Hyper-G system, which was also developed at IICM – the development started around 1989, parallel to the evolution of the World Wide Web. But as opposed to conventional Web servers, Hyperwave targets the setting up and administration of large document repositories, which can be spread over multiple servers. The long-term maintenance and development of databases becomes very crucial when such databases grow beyond a certain size – this is where Hyperwave shows its inherent advantages of structured approach and link management.

A set of object oriented databases forms the core of the hyperwave system. Documents and other objects present in the system are assigned attributes; apart from this the database maintains a hierarchy of user and group entries and allows indexing and searching of documents. Moreover the separation of the objects from their attributes enables the efficient extraction and manipulation of information. Some of these attributes are Access permissions, presentation hints, search keywords, multi-lingual titles, custom attributes and last but not least, a globally unique identifier. Thus the hyperwave system attempts to go beyond the primitive node-link model. Though the same objective can be achieved by implementing specialised link types, Hyperwave introduces a particular object class, the collection.

Essentially, the collection is nothing but a composite (container) object and contains documents or other collections. The concept is very similar to that of directories in a file system, and the result is a collection hierarchy.

One significant advantage of a collection structure has to be mentioned at this point. Whenever a new node is inserted into a simple node-link model, at least one other node has to be modified, in order to create a link to the new node, otherwise the new node cannot be reached at all via simple navigation. Similarly, the removal of a node requires the editing of all other nodes which have links pointing to the node being removed. But in the Hyperwave system, every document (node) has to be a part of a collection. Thus every document can be reached by searching the tree-structure of collections. No creation of links or editing of other documents is required. Again, as in a file system, some restrictions apply to the collection hierarchy:

Except for the Root Collection in the system, every document and collection in the Hyperwave server must be a child of at least one collection, which would be called the parent of the object under question.

A document or collection can be a child of more than one collection. But the hierarchy must be cycle-free. That is a collection cannot be the parent of itself, either directly or indirectly. Thus the hierarchy is essentially a directed acyclic graph (DAG).
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Figure 18 - Example of a Collection Hierarchy
The preceding figure shows an example of a Collection Hierarchy on a Hyperwave Server. Collection 4, for example, is a child of Collection 1 and the Root Collection. But Collection 1 is also a child of the Root Collection. As per the limitations mentioned previously, Collection 1 cannot be a child of Collection 4. The only exception to this rule is when the information is spread over several hyperwave servers, where a collection on one server can be the child of a collection in another server, even if this creates a cycle in the cross-server hierarchy.

Hyperwave supports several types of documents (HTML, VRML, various image formats, movies, PostScript documents, Java Applets etc.) and as an aid to manage the diverse nature of information, offers certain features for collections.

Clusters are special types of collections which allow tight integration of documents of different types and languages, for example for clubbing different language versions of the same document. Depending on the language preferences of the user, the appropriate version will be accessed automatically (language cluster). Clusters can also be used for parallel display of documents that belong together. This is known as a multimedia cluster.

Newer versions of Hyperwave also support Alternative-Clusters and MultiClusters. In former case, the same document can be stored in varying qualities, say, an image in varying resolutions, a music file in various sampling frequencies etc. Depending on the user preferences, connection speed etc., the appropriate document will be loaded. A multicluster is used for grouping several documents and loading them for display as a single document, for example.

Another structure that is a feature of Hyperwave is the sequence. Though it is very similar to a collection, it is actually an ordered list of sub-collections and/or documents. Here, instead of the user selecting from a list of documents (as in regular collections) or the system itself choosing several documents simultaneously (as in clusters) the members are visualised one by one in a pre-defined sequence. This can be implemented by means of ‘next’ and ‘previous’ links and can also be used as a navigational aid. The sequence can be easily changed by just modifying certain attributes, by adding or removing documents etc. without having to edit any links manually.
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Figure 19 - Typical class hierarchy

The Hyperwave System is based on the Hyper-G Data Model. The Object server of Hyperwave is in essence responsible for the database of objects and certain relations between them. The objects stored in the database are instances of certain classes (such as those for text documents, images, animation documents etc.) with certain semantics and attributes. In a manner very similar to that of object-oriented programming, more specialised classes can be derived from standard classes, thus giving rise to a class hierarchy. 

Keeping in mind the structure of a hyperwave system, it should be noted that classes such as HGObject, Document, Remote Document, Anchor are only abstract classes, and as such no instances of the same are envisaged in HyperWave. As already mentioned, Hyperwave allows for predefined multimedia documents like Sound, Graphics, Animations, VRML scenes etc. But the user is also free to define new types of documents such as Spreadsheet documents, various word-processor formats etc., all of which can be derived from the class Generic Document. Moreover the class Remote Document enables connections to other internet services like Telnet, FTP, Gopher etc.

As opposed to conventional hypermedia systems, links between the documents are not stored in the document itself, but are defined by source and destination anchors. The document which is the starting point of the link is said to be the source anchor and the document to which the link points, its destination anchor.

A document in the Hyperwave system may be attached to any number of source and destination anchors. An anchor-document relation in the database server is used for implementing this attachment relation. Since the attachment is bi-directional, it would be possible to find the document an anchor is attached to, and also all anchors attached to a document. The actual hyperlink is realised by an anchor-anchor relation between the source and destination anchors. The main limitation imposed here by the data model is that any number of source anchors can point to one particular destination anchor, but a given source anchor can resemble only one link. [Kappe, 1995] This concept is illustrated by the following figure.
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Figure 20 - Data Model
Thus the data model as described above supports links from a single source anchor to a single destination (1-to-1 links), and also links from many sources to a single destination (n-to-1 links). The support for 1-to-n links, i.e. from one source anchor to several destinations is however not explicit and can be implemented by overlapping several 1-to-1 links on the same source or by using a 1-to-1 link that points to a collection, which in turn contains all the destinations.

The interesting fact here is that the links are stored in a separate server, and not as a part of any document in the system. This approach has the following advantages:

The links are bi-directional, and hence it is possible to search for all links which point to a document, and also for links which emerge from a document. This is very useful for creating navigational aids such as local maps etc.

The separation of the links from the documents and their bi-directional nature guarantee link-consistency at all times. Whenever a document is deleted or moved, all links related to the document are also deleted or updated automatically by the system. Thus no link in the system would point to a non-existent or wrong document.

Basically, links are also objects under Hyperwave - they can also have attributes such as Keywords, access permissions etc. Thus it would be possible to search for links based on keywords, deny permissions to certain users etc.

Since the links are not stored in the documents, creating or modifying a link would not have any change on the document itself. It is therefore possible, for example, to create links “in” documents for which the user does not have any access permissions. This aspect is very useful, if the documents are stored on a CD-ROM and cannot be modified.

The process of document and link creation are not linked to each other. The user is free to create the documents with his/her authoring tool and then create links at a later stage in an interactive manner. In case of documents with circular references, it is also possible to create open links (which have just a source anchor and a Destination Hint) and insert the target document at a later stage. Based on the Destination Hint, which contains indexed keywords, title etc., Hyperwave closes all open links automatically, whenever new documents are inserted into the system.

Collection memberships are also internally represented as links. Thus moving a document from one collection to another or even an entire collection involves just changes in the link database.

Since links are also objects, it is possible to define various types of links. Hyperwave uses the following types of links [Lennon, 1997]:

• Referential links connect documents and can be used for navigation like conventional hypertext links.

• Inline links are usually placed in text documents and point to an image that is to be included at that position.

• Annotational links – Hyperwave enables the creation of annotations to documents. The annotations are linked to the document by means of annotational documents. Owing to the bi-directional nature of the links, it would be possible for a user to search for all annotations to a document.

• Texture links are used for connecting texture images to VRML scenes stored in the system.

As far as the functional model of Hyperwave is concerned, it is important to keep in mind that the current implementations of the system are geared to use WWW-Clients such as Netscape Navigator and Internet Explorer for the front-end. Thus conventional processes such as navigation and browsing are oriented towards those of the WWW. Navigational operations – browsing through the collection hierarchy, accessing individual documents etc. are simple ‘Clicking the link’ operations. Inserting new documents into the system, modifying existing ones and deleting the documents already present are also implemented using JavaScript and CGI scripts. Though native Hyperwave clients such as Amadeus and Harmony are capable of exploiting the full functionality of Hyperwave, more and more features are being included/improved for the Web Clients. Even user- and group-management functions are now accessible through the Web clients.

It has to be remembered, however, that WWW uses a stateless protocol. Each request for a document requires that a new connection be built between the client and the server. [Pam, 1995] Hyperwave on the other hand requires that each user session be unique – for the purposes of user authentication. This is realised using variables and/or cookies, depending on the version of Hyperwave under consideration.

5 HM-Data Model

The HM-Data Model is a logical Hypermedia Data Model. Hence, it is less concerned with the internals of a document than it is with data structures and operations which can be applied to create, modify and explore (i.e. render) such data structures. In the following, therefore, we will consider multimedia documents as atomic, i.e. as basic indivisible chunks of multimedia data that have to be organised. We will examine the use of a novel method of hyperlinking for structuring such information chunks into courseware.

5.1 Data Structures

Courseware, according to the HM-Data Model, consists of addressable composites called Structured Collections (S-collections or just collections, for short). An S-collection does nothing but encapsulates members together with some internal structure (i.e. navigational topology). This structure is in fact a link structure expressing the relationships or associations between members. A member is either a document or another S-collection. One member in an S-collection is chosen and designated by the author as its head.
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Figure 21 - Internal Structure of an S-Collection
Additionally, an S-collection may have an associated document called its label (see Figure 1) to provide contents synopsis. If a label is missing then the head is used instead.

5.2 Browsing

We may think of an S-collection as an opaque container: if we are outside the container, its members will not be visible to us. To see what's inside it, we must enter it. Of course, we can only be inside one container - the current container - at any given time. But once inside, we will be able to visit its members by navigating its link topology (see Figure 22).

A member we visit in the current container may be a document or another S-collection.

If a document, it will be visualised in some appropriate way - typically involving the presentation of the document's media objects on the computer display and/or sound system.

 If an S-collection, its label (which is a document, by definition) will be visualised.

The most recently visited member of the current container is the current member. Access to other members from the current member is determined by the container's link structure: only links emanating from the current member can be selected. All such links are typically visualised as anchors on the current display (these may be icons, hot-words, push-buttons, etc). Navigation within the current container therefore is from member to member as allowed by its link topology.
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Figure 22 - Browsing a Current Container
Note that visiting (i.e. navigating to) an S-collection does not enter it, even though its label is visualised. The point of the label, as mentioned earlier, is to present a synopsis of the collection to allow us to decide whether or not we want to enter it.

To enter it, we must explicitly use the Zoom-In operation. Zooming into an S-collection makes it the new current container, its head the new current member; all links emanating from the current member become accessible.

Figure 23 illustrates the Zoom-In operation. Prior to zooming in, "A" is the current container and "B" the current member. Applying the zoom-in operation on "B" makes it the current container, its head the current member, and all the links emanating from the head accessible. Navigation after zooming in is restricted to the links in the current container, or zooming into the current member (if it is a collection) or zooming out of the current collection.
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Figure 23 - The Zoom-In Operation
The Zoom-Out operation is of course the inverse of Zoom-In. Its effect is to restore the current container and the current member to the state immediately prior to the most recent zoom-in. Thus, a zoom-out operation for the situation in Figure 4 will reinstate "A" as the current container and "B" as the current member.

Navigation may thus be viewed as occurring in and between "planes". Link navigation within an S-collection is in one plane, while the zoom-in and zoom-out operations are orthogonal to this and effect a jump to a lower or higher plane.

Note also that an S-collection may be a member of more than one other S-collection, i.e. collections may be re-used in different contexts. A zoom-out operation, however, will return to the plane from which it was reached. Thus, if an S-collection "X" (see Figure 4) was zoomed in from "B", zooming out gets back to "B" and not "A". This preserves therefore the context of viewing an S-collection. Figure 5 illustrates such Navigation "Planes".

One other orthogonal navigation operation is defined in the model: the Zoom-Up operation. This operation effects a jump from the current container to another that also contains the current member. As there may be more than one such container, the operation must also specify which.
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Figure 24 - Navigational Planes
5.3 Data Classes

In the HM-Data Model, a particular S-collection is an instance of one of four predefined types of S-collections:

• Folder,

• Envelope,

• Menu, and

• Freelinks.

Each type or data class defines a particular link topology which constrains the way members can be linked to one another. Additionally, the integrity of the links in any of these types will be automatically maintained.
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Figure 25 - Classes of S-Collections
Figure 25 illustrates the link topology of each type:

• The Folder connects each member in a bi-directional circular list.

• The Envelope links each member to every other member.

• The Menu connects the collection head to every other member using bi-directional links.

• The Freelinks allows members to be linked in any way desired by the author; the author must ensure in this case that there is a path from the collection head to each member.

5.4 Authoring Courseware with HM-Data Model

Building hypermedia courseware typically follows a bottom-up approach. First, multimedia documents are created. They then become building blocks for complex S-collections that constitute the courseware.

Assuming that documents have been created, an author creates a new S-collection by selecting the desired type (i.e. a folder, envelope, menu or freelinks), assigning it a unique name, selecting a document or an existing S-collection as its head, and optionally selecting a document as its label.

Once an S-collection has been created, members can be inserted, modified or removed. These operations will automatically update the link structure according to the chosen collection type. Insertion of a new member into a menu collection, for example, will automatically create a bi-directional link between it and the collection head. Conversely, removing a member will remove its corresponding link to/from the head. Similar automatic creation and deletion of links apply to envelopes and folders. Of course, the author must also specify the insertion position in the circular list. The exception to all this is the freelinks collection, where the author must explicitly insert and/or remove links to create the desired link topology. Links are second-generation, i.e. separated from rather than embedded in the members. This is of course essential since a member can be re-used in another collection with a different link topology.

Any S-collection can be modified at any time and, as mentioned above, internal link associations will be automatically updated as members are added/removed. Note, however, that removing a member does not actually delete it from the database. To delete an S-collection, we must do so explicitly. All collections containing the one being deleted will be updated accordingly (see Figure 26).
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Figure 26 - Impact of deletion on nested S-Collections
5.5 Illustrative Example

Consider, for instance, a hypermedia database containing a large amount of computer-based educational material (courseware), where users can browse particular courses represented in hypermedia form. To be more specific, let us assume that we have a number of computer based courses prepared in the form of S-collections: say "Course#1" and "Course#2" in Figure 27.

Each course has a title document as its label and a number of members corresponding to chapters of the course. If a course, say Course#1, refers to another course, say, Course#2, the course referred to has to be inserted into the same S-collection as a member (see Figure 27). A chapter consists of primitive documents and refers to other courses or chapters.

It should be noted that if particular chapters and/or documents are relevant to the contents of a number of courses, the corresponding S-collections may be re-used without any extra overhead (see, for instance, S-collection "Chapter-B"). S-collection "Author-X" has a short description about the author as its head and the author's courses (S-collection "Course#1", S-collection "Course#2", etc.) as members.

The above discussion has indicated how primitive chunks (i.e. "documents") may be gathered into more complex structures (in this case, "chapters"). The property of the HM-Data Model that an S-collection may belong to many other S-collections, even recursively, provides all the necessary power to deal with more complex situations. Note the recursive membership of documents "Course#1" and "Author-X" in this example. Such recursive membership elegantly handles the common situation where a user needs to be able to access information about "Course#1" while browsing information about "Author-X" and vice versa. Moreover, if a certain chapter ("Chapter-B") refers to another course ("Course#3"), then the S-collection "Chapter-B" can be extended with the relevant member.
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Figure 27 - A sample hypermedia database
To conclude our example, the S-collections representing courses might be inserted into S-collections dealing with particular topics (say, "Topic#1", "Topic#2" etc.). Finally, one could combine all the topic S-collections into an S-collection "Library of Courseware".

To understand the basic properties of this model, let us simulate the steps of a typical user session. Suppose the user accesses the S-collection "Library of Courseware" (see Figure 26-7) in some way. The label of the S-collection displays information about the contents of the S-collection. Suppose also that the user "opens" the S-collection "Library of Courseware" and activates the link to the S-collection "Topic#1" within the "Library of Courseware". The S-collection "Topic#1" becomes the current member, and the chunk of multimedia information defined as its label is displayed. Note that the navigational paradigm associated with the current document "Library of Courseware" is still active. The user has the possibility to access another topic by clicking on it. After selecting a particular topic, the user can "open" this S-collection. Once an S-collection is "opened" the user obtains (i.e., can follow) links encapsulated within it (perhaps a menu of courses).

Each choice from the menu results in the presentation of the label of the corresponding S-collection. If the user has selected and entered the S-collection "Course#1" and then selected the S-collection "Chapter-B", the abstract of the chapter is visualised ("Chapter-B" is the current member) and links to other members (i.e., to other chapters) become available. The user can either read the current chapter (i.e., open the S-collection) or browse other chapters. Clicking on button "ZOOM OUT" returns the user to S-collection "Topic#1". Now clicking on another member of "Topic#1" (say, on "Course#2") visualises that member's label, clicking on button "ZOOM OUT" leaves "Topic#1", and returns the user to the S-collection "Library of Courseware", and so forth.

5.6 Advantages

The HM-Data Model essentially replaces the “spaghetti” view of the basic Node-Link model with more structured, independent but fully compatible hypermedia modules called S-Collections (see Figure 28). Such modules, in fact, closely resemble abstract data types discussed earlier: they encapsulate an internal structure, which may re-use other modules, and navigation operations. The types of modules - folder, menu, envelope and freelinks - are data classes with predefined public methods for navigation and private methods for maintaining internal link integrity. Every S-collection may therefore be viewed as instances of these classes, acquiring thereby all their capabilities/behaviour. This object-oriented view of the HM-Data Model uncovers the possibility of model extension through class inheritance and specialisation, and the prospect of an implementation that allows users to customise their own S-collection structure and behaviour while still remaining fully compatible with system-defined collections.
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Figure 28 - Node-Link vs. HM-Data Model
In summary, the following features of the HM-Data Model distinguish it from other existing hypermedia data models:

Links neither belong to individual nodes nor are they globally addressable objects. Instead, they are encapsulated in hypermedia containers called S-collections. By definition, links exist only between members of a collection, ie. links cannot be created to destination nodes that are outside the collection. S-collections therefore represent well-defined chunks of information that may be re-used in different contexts without concern for superfluous links.

The restriction of links to local contexts only is compensated by orthogonal navigation operations of Zoom-In, Zoom-Out and Zoom-Up.

Containment of complex collection objects within another, referred to as “re-use” rather than “reference”, is in line with object-oriented views and closer to the intended concept of sharing existing resources, particular in different contexts. The term “reference” too strongly suggests “jumping to another location” (with a fixed given context). “Re-use” on the other hand implies an (logical) embedding of the external object into the current context (switching between embedding contexts is via Zoom-Up).

Authoring is effected by memberwise inclusion of hypermedia chunks, as opposed to spaghetti linking of nodes in other models. Any S-collection can be included in any other. Recursive membership relations remain a possibility and will allow the modelling of arbitrarily complex hypermedia databases.

All operations are addressed to a particular data object (S-collection) and do not affect the link structure of other objects. This object-oriented character of the model presents new ways of supporting the logical integrity of hypermedia databases.

5.7 Authoring an S-Collection with WBT-Master 

WBT-Master provides a convenient way of authoring S-Collections using a special component – the Structure Editor. Formally, a particular type of an S-Collection (i.e. Folder, Menu, etc.) is a meta definition of a specific linking structure which is automatically supported by all instances (i.e. S-Collections) of this type. Thus we can say that an S-Collection automatically imposes a particular navigable structure on a top of collections of existing HTML documents or other S-Collections defined as members.

The Structure Editor visualises an S-Collection of any type as a special template consisting of three cells: Label, Head and Members. Authors may define the structure by moving icons using such most advanced user interface features as drag-and-drop, select and apply operation, etc.

Thus, from an author's point of view, there is a number of predefined templates (S-Collection types) where the author can simply insert existing documents or other S-Collections to define sophisticated navigable structures.
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Figure 29: Authoring Concept based on Logical Data Model

Such S-collection templates may be visualised as s combination of so-called cells where each cell defines a particular component of S-collection. There may be “Label” cell, “Head” cell, “Members” cell, etc.

Informally speaking, authors just select a particular template and then drag and drop previously created documents and/or S-collections from their local file system them designated cells; links are generated automatically.
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Figure 30 - Authoring an S-Collection

5.8 Internal Format of S-Collections

S-Collections are coded as plain ASCII files having an extension *.cif. A  *.cif  file contains information that describes the content and the content’s navigation.

A *.cif  file consists of the following sections:

5.8.1 Title Section:

This section defines general information for the whole S-collection:

The section consists of  the following elements:

<CompositeType>

This element  describes a selected navigational paradigm (i.e. the S-collection type). 

Possible Values: {LaerningUnit | Menu | Folder | Freelink | Envelope}

Example of the element:

CompositeType=Menu

<CompositeMetadata> - optional

This element contains metadata that is used to describe the content contained in the composite. 

Possible Values: An ASCII string literal

Example of the element:

CompositeMetadata=Keywords{Bank;Finance}

<CompositeName>

This element describes a composite name as selected by author. 

Possible Values: An ASCII string literal

Example of the element:

CompositeName=Bank Academy

<CompositeZoomIn> - Optional

The element is coded as two attributes separated by a “/” symbol. The element defines a behaviour of  WBT system when the composite is accessed (first element) and when the composite is closed (second element). 

Thus, when the composite is accessed the system may just display the composite Label (first attribute value=Manual) or automatically open it (first attribute value=Automatic). 

Similarly, when the composite is closed the system may just display the composite Label (default), automatically jump to a next member (second attribute value=Next) or to a Head (second attribute value=Head)of the parent container.

Possible Values: <First Attribute>/<Second Attribute>

<First Attribute>:{Manual | Automatic}

<Second Attribute>:{Head | Next}

Example of the element:

CompositeZoomIn=Automatic/Head

<CompositeZoomOut> - Optional

The element is coded as two attributes separated by a “/” symbol. The element defines a behaviour of  WBT system when a “last” member of composite was previewed and the command “Next” is activated. The system can close the composite (first attribute value=Automatic) or resume the browsing from the composite head (first attribute value=Manual).

If the option Automatic is selected, the system additionally jump to a next member (second attribute value=Next) or to a Head (second attribute value=Head) of the parent container.

Possible Values: <First Attribute>/<Second Attribute>

<First Attribute>:{Manual | Automatic}

<Second Attribute>:{Head | Next}

Example of the element:

CompositeZoomOut=Automatic/Next

<CompositeHead> - Optional

The element defines a behaviour of  WBT system when a Head is accessed by same action which is not a ZoomIn operation.  The system can close the composite (Zoom_Out) or resume the browsing from the composite head (default).

Possible Values: {Zoom_Out }

Example of the element:

CompositeHead=Zoom_Out

Example of the section :

MemberType=Head

MemberName=bank_000.htm

MemberPosition=0

MemberURL=bank/bank_000.htm

#

5.8.2 Member Section

This section defines a particular member of the composite:

The section consists of  the following elements:

<MemberType>

This element  describes a role of the member for the composite. 

Possible Values: {Label | Head | Member}

Example of the element:

MemberType=Head

<MemberName>

This element describes a composite name as selected by author. 

Possible Values: An ASCII string literal

Example of the element:

MemberName=Introduction to Banking Industry

<MemberPosition> - Optional

This element describes a position of the member within the composite.  The element is ignored for  Head and Label.

Possible Values: Integer

Example of the element:

MemberPosition=5

<MemberURL>

This element describes an URL (address) of a document or another composite which is reused as the member.  It can be a relative or absolute URL. 

Possible Values: Valid URL

Example of the element:

MemberURL=bank/bank_000.htm

<MemberSpecialMove> - Optional

This element is applicable to HTML documents reused as member. The element describes how the HTML document should be loaded into the system.  Short, simple HTML documents should be defined with the option Yes to parse the document by the WBT system and seamlessly incorporate it into a WBT environment. Big HTML documents may be better defined with the option Base to incorporate it into a WBT environment via a <BASE ..> tag. The option No defines a complex document containing complex Java Scripts or other active elements.

Possible Values: {Yes | Base | No}

Example of the element:

MemberSpecialMove=Base

Example of the section :

MemberType=Head

MemberName= Introduction to Banking Industry 

MemberPosition=0

MemberURL=bank/bank_000.htm

#

5.8.3 HM-Data Model Internal Presentation of a Learning Course

The following is a simple example of a “ Bank Academy” course (bank.cif) consisting of three Learning Units (bank02.cif, bank03.cif and bank04.cif):

Bank.cif:

CompositeType=Menu

CompositeName=Bank Academy

CompositeZoomIn=Automatic/Head

CompositeZoomOut=Automatic/Next

#

MemberType=Head

MemberName=bank_000.htm

MemberPosition=0

MemberURL=bank/bank_000.htm

#

MemberType=Member

MemberName=The Economic Significance of Banking

MemberPosition=0

MemberURL=bank/bank02.cif

#

MemberType=Member

MemberName=Banks as Financial Intermediaries

MemberPosition=1

MemberURL=bank/bank03.cif

#

MemberType=Member

MemberName=The Objectives of Credit Institutions

MemberPosition=2

MemberURL=bank/bank04.cif

#

Bank02.cif:

CompositeType=Folder

CompositeName=The Economic Significance of Banking

CompositeZoomOut=Automatic/Next

CompositeHead=Zoom_Out

#

MemberType=Head

MemberName=b12_1.htm

MemberPosition=0

MemberURL=bank/b12_1.htm

#

MemberType=Member

MemberName=b12_2.htm

MemberPosition=0

MemberURL=bank/b12_2.htm

#

MemberType=Member

MemberName=b12_3.htm

MemberPosition=1

MemberURL=bank/b12_3.htm

#

Bank03.cif:

CompositeType=Folder

CompositeName=Banks as Financial Intermediaries

CompositeZoomOut=Automatic/Next

CompositeHead=Zoom_Out

#

MemberType=Head

MemberName=b13_1.hmw

MemberPosition=0

MemberURL=bank/b13_1.hmw

MemberSize=518-210-xx

#

MemberType=Member

MemberName=b13_2.hmw

MemberPosition=0

MemberURL=bank/b13_2.hmw

MemberSize=518-210-xy

#

MemberType=Member

MemberName=b13_3.hmw

MemberPosition=1

MemberURL=bank/b13_3.hmw

MemberSize=518-210-xy

#

MemberType=Member

MemberName=b13_4.hmw

MemberPosition=2

MemberURL=bank/b13_4.hmw

MemberSize=518-210-xx

#

MemberType=Member

MemberName=b13_5.htm

MemberPosition=3

MemberURL=bank/b13_5.htm

#

Bank04.cif:

CompositeType=Folder

CompositeName=The Objectives of Credit Institutions

CompositeZoomOut=Automatic/Next

CompositeHead=Zoom_Out

#

MemberType=Head

MemberName=b14_1.hmw

MemberPosition=0

MemberURL=bank/b14_1.hmw

MemberSize=525-210-xx

#

MemberType=Member

MemberName=b14_2.hmw

MemberPosition=0

MemberURL=bank/b14_2.hmw

MemberSize=525-210-xx

#

MemberType=Member

MemberName=b14_3.hmw

MemberPosition=1

MemberURL=bank/b14_3.hmw

MemberSize=525-210-xx

#

[image: image31.png][| ek - > - @

[ hess i

=lofx]

Course Room

Subscribe
|

Stuty Room
| Search

Annotate
Forum
Course Map

As afree enterprise oriented
which can be combined into :
system rarks the most impor

€7 javasariptiop.frames[ Control'} hamelumpl]

B The Objectives of Credit Intitutions | 13 User LocalUser

3 Target Browse: - Microsoft Intemet E I [=1E3|
The Economic Significance of Banking =]

*B12_1 him
*b12.2 fitm
*b12.3 fitm

Banks as Financial Intermed

*B13_1 hrw,
*b13 2 hrimw
133 hrimw
*b13_4 hrimw
*b13.5 fitm

The Objectives of Credit Insti

ons

*BT4_1 hrw,
*b142 hrimw
143 hrimw





Figure 31:Viewing the “Bank Academy” Course with a HM-Data Model Viewer (Variant 1)
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Figure 32:Viewing the “Bank Academy” Course with a HM-Data Model Viewer (Variant 2)
5.9 Semantic Level of Data Modelling

Semantic modelling of application domains is accomplished by defining non-procedural representative knowledge classes as opposed to the representative knowledge structure types in non-object-oriented data models. These semantic classes are derived from the previously defined logical class S-collection, and will be called categories henceforth.

5.9.1 Semantic Categories and Slots

Each category has a unique name and defines the domain-specific, "intelligent" behaviour of instances of the category using the concept of slots. A slot is a named object attached to a category which controls the parameters of operations on instances of the category. Technically, a slot can be seen as a place-holder for a parameter of an operation, which is replaced by a particular S-collection when the operation is invoked. In other words, whenever a slot is attached to a category, the public interface of the category is extended by operations INSERT_MEMBER, REMOVE_MEMBER, INSTALL_LINK and so on having the slot as a parameter. 

For example, a category PERSON having a slot named AFFILIATION automatically has operations INSERT_MEMBER(AFFILIATION), REMOVE_MEMBER(AFFILIATION), and so on which can be applied to instances of PERSON.

A slot is given a set of permissible values, called its domain. A slot’s domain is simply a category, instances of which may be substituted for the slot. The relationship between a category serving as the domain for a slot attached to another category has a very clear semantic meaning: the PART_OF relationship well-known in conventional semantic modelling [Chen76]. 

For example, if the slot AFFILIATION attached to category PERSON has a category INSTITUTE as its domain, then only instances of category INSTITUTE may be parameters of the operations INSERT_MEMBER (AFFILIATION), REMOVE_MEMBER(AFFILIATION), etc.
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Figure 33: Conceptual Schema of a Hypermedia Database

The set of categories and relationships between them defined for a particular application domain is called a conceptual schema. The figure above shows part of a conceptual schema. The semantic category PERSON is defined having two slots, AFFILIATION and WORKS_ON, bound to categories PROJECT and INSTITUTE respectively. From a data structuring point of view, only instances of these categories are allowed within the private memory of the category PERSON (i.e. can be inserted/removed as members). In analogy, the semantic category PROJECT is defined having two slots bound to categories PROJECT and PERSON.

The hypermedia database can be now created as a combination of instances of previously defined categories -- authors simply select a particular category and fill in the necessary multimedia information (strait-jacketing authors [Andrews93]). In other words, authoring activity is controlled by an existing conceptual schema. Users simply create instances of previously defined categories and these instances demonstrate a behaviour predefined by the conceptual schema. For example, instances of category PERSON offer users facilities (i.e. operations metaphorised via a particular user interface) to insert/remove instances of the categories PROJECT or INSTITUTE as WORKS_ON and AFFILIATION respectively. From the user's point of view, whenever an instance of category PERSON is selected, the system automatically offers a list of operations permitted by the current conceptual schema (i.e. INSERT_MEMBER (AFFILIATION), INSERT_MEMBER (WORKS_ON), etc.) When a particular operation is selected (say, the operation INSERT_MEMBER (AFFILIATION) ) the system presents a list of all existing instances of category INSTITUTE so that one may be selected as the affiliation. In similar way, instances of the category PROJECT facilitate insertion of other PROJECTs and PERSONs, etc.

It should be especially noted that in other semantic data models [Marshall91, Yankelovich88], slots are used as structural elements: as sources and/or destinations of computer-navigable links. In the HM-Data Model  they are used as behavioural elements: as parameters of operations. Note also that one instance of a category on the semantic level corresponds to exactly one instance of an S-collection on the logical level, overcoming the need for complicated mapping mechanisms. 

5.9.2 Integrity Constraints

This simple idea of using slots to define behavioural abstractions corresponding to basic features of the object-oriented paradigm, offers large scope for innovation. In the HM-Data Model , the previously defined PART_OF semantic relationships can be provided with the well-known cardinality, essentiality, and exclusiveness integrity constraints [Thalheim92]. 

Suppose, for instance, that the PART_OF relationship defining INSTITUTE as an affiliation of PERSON is provided with the option UNIQUE, a cardinality integrity constraint which demands uniqueness of membership for this slot. Now, only one instance of INSTITUTE can be inserted as an AFFILIATION into each instance of PERSON. The existence of such a member disables further application of the operation INSERT_MEMBER having the corresponding slot as a parameter.

The integrity constraint ESSENTIAL attached to a particular semantic relationship demands compulsory participation of at least one member in every instance of the category. The constraint is enforced by coupling the CREATE operation with the INSERT_MEMBER operation. For instance, if the PART_OF relationship between INSTITUTE and PERSON is provided with the option ESSENTIAL, then the operation CREATE(PERSON) is coupled with the operation INSERT_MEMBER(AFFILIATION). From the user's point of view, whenever a new instance of category PERSON is created, the system automatically presents a list of all existing instances of category INSTITUTE in order for one to be selected as the affiliation.

However, we also use some new integrity constraints specific to peculiar features of the HM-Data Model . Thus, the option COMPULSORY_MEMBERSHIP requires the obligatory participation of every instance of the category bound to the slot, within at least one instance of the category encapsulating the slot. For example, if the WORKS_ON relationship between categories PERSON and PROJECT is provided with the option COMPULSORY_MEMBERSHIP, then creation of an instance of PERSON automatically entails inserting it into one or more PROJECTs. This option corresponds to the situation when every employee must work on at least one project.

Integrity constraints in the HM-Data Model  are interpreted as behavioural abstractions. They can be combined within a conceptual schema in a flexible way in order to achieve some desired "intelligent" behaviour in a hypermedia system. For instance, the exclusiveness integrity constraint demanding exclusive participation of a certain member within exactly one instance of the category, is defined as a combination of the options COMPULSORY_MEMBERSHIP and UNIQUE.

It is interesting to note that the Argument relation introduced by [Marshall91] as a basic representative knowledge structure supporting logical reasoning, is simply modelled in the HM-Data Model  as a category ARGUMENT encapsulating three slots: GROUNDS, CONCLUSION, and RATIONALE, all bound to the same category ARGUMENT and having the option UNIQUE (see Figure below). The representative knowledge structures used in other semantic hypermedia models (say, in gIBIS [Conklin88]) are also included as special cases of the HM-Data Model ´s semantic categories.
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Figure 34: Conceptual Schema Modelling Representative Relation

5.9.3  Multi-level Semantic Data Modelling

The conventional architecture of database systems utilises two levels of data abstraction: information (database) and meta-information (conceptual schema). It is well recognised that this architecture should be amended to support the evolution and incremental development of hypermedia systems, and to handle the ill-structured data inherent in such systems [Roddick92].

In particular, the number of levels of data modelling within hypermedia systems should not be restricted to merely two levels. It is a matter for each application how many levels of data representation are meaningful and useful. Actually, there may exist any number of levels of semantic data representation, with data on one level acting as meta-information for data on the next level. Behavioural abstractions, as advocated in this paper, are a very promising tool for multi-level semantic modelling.

Recollect that the operation CREATE is addressed to a certain category, while all other operations are addressed to an instance of a category. In other words, a category responds only to the operation CREATE , and instances respond to all other operations (see Figure 32 above).

Now suppose that categories are provided with the mechanism to respond to any operation defined in the HM-Data Model  by dynamically creating a new category. Consider, for instance, the operation INSERT_MEMBER(AFFILIATION) addressed to category PERSON and having instance (S-collection) "IICM" as a parameter. In this particular case, a new category, perhaps called EMPLOYEE_OF_IICM, is created. Now, information about any employee of IICM is created as an instance of the newly created category. Note that all such instances have the S-collection "IICM" as a predefined member: this member is automatically inserted into each instance of category EMPLOYEE_OF_IICM as part of the CREATE operation. 

In analogy, a new category EMPLOYEE_OF_IICM_WORKING_ON_HYPER-G is created in response to the operation INSERT_MEMBER(WORKS_ON) addressed to category EMPLOYEE_OF_IICM and having S-collection "Hyper-G" as a parameter.

A predefined link structure can also be dynamically created for a particular category by means of INSTALL_LINK operations addressed to the category and having slots as parameters. Obviously, such an operation does not install computer-navigable links between chunks of multimedia information, but provides a "plan" for the automatic generation of links within instances of the category. Such plans will be called meta-links henceforth. In analogy, computer-navigable links built according to a particular plan, are called instances of the meta-link. Instances of a particular meta-link are generated by the INSERT_MEMBER operation in such a way that links actually exist between every pair of members corresponding to the definition of source and destination of the meta-link. The meta-link definition also specifies the kind of link visualisation (hotword, clickable area, scrollable list, etc.) to be used. The authoring system then forces the author to supply a hotword, clickable area, link name, etc. for each automatically generated link. Note that meta-links can also be interpreted as behavioural abstractions. They define the behaviour of instances of a category when a member is inserted. 

Consider, for example, the category PERSON in Figure 33. The operation INSTALL_LINK having slots WORKS_ON (source) and AFFILIATION (destination) as parameters, installs a meta-link which prescribes automatic generation of links from every member belonging to the category PROJECT, to all members belonging to the category INSTITUTE. Whenever a new instance of category INSTITUTE (or PROJECT) is inserted, the system automatically presents the information necessary about every member belonging to the category PROJECT (or INSTITUTE) to provide corresponding anchors. Thus, if link visualisation in the form of hotwords was selected, the textual part of every source is visualised and the author is prompted to select desired hotwords.

It is interesting to note that the concept of multi-level semantic data modelling can be applied in order to define more detailed plans of automatic link generation. Thus, meta-links having predefined members of a category as parameters, can be installed in the same way. Let us continue the previously discussed example where we dynamically defined the category EMPLOYEE_OF_IICM having the predefined member "IICM" and the slot WORKS_ON bound to the category PROJECT. The INSTALL_LINK operation having the following parameters: the S-collection "IICM" (source) and the slot WORKS_ON (destination), installs a new meta-link. Now, whenever an instance of the category PROJECT is inserted into a particular instance of the category EMPLOYEE_OF_IICM, a link emanating from "IICM" and directed to this PROJECT is generated automatically. Of course, the definition of meta-links does not prevent users editing an internal link structure for a particular instance of the category by means of conventional INSTALL_LINK and REMOVE_LINK operations.
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Figure 35:Authoring based on Semantic Categories
5.10 Algebraic Operators

Algebraic operators are applied to S-collections and produce a new resultant S-collection which becomes the current container. Thus, these operators provide users with the possibility to adjust the current scope of link-based navigation to their particular short-term needs. The algebraic operators broaden the concept of current container (see Section 5.2) and serve as an additional tool for browsing hypermedia composites.

The operator Include is applied to the current container and one of its members; the operator temporarily replaces the member with its internal navigable structure. Thus, for instance, if  the user Includes the members "Projects" and "Personnel" during browsing current container "IICM" (see Figure 36), the scope of link-based browsing is extended; and the resultant current container is shown on Figure 36a.

The following simple rules are used in order to avoid possible ambiguity:

1.
Links emanating from (or directed to) a member which has been replaced with its internal structure, emanate from (or lead to) its head (see Figure 36a);

2.
It is possible for an S-collection to be both a member of the current container and the included S-collection. In this case, the S-collection appears only once (is not duplicated) with both sets of links. For instance, a current container which is a result of Including the S-collection "Hyper-G" in the current container "IICM" (see Figure 36a) is shown on Figure 36b.

Thus, the current container has been composed from the navigable structures of a set of S-collections. Such set of S-collections is called a perspective. For instance, the perspective for the current container shown on Figure 36b, consists of the S-collections "IICM", "Personnel", "Projects" and "Hyper-G".
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Figure 36: Current Container IICM Extended by the INCLUDE Operator

The operator Join is applied to a current container and another S-collection sharing a common member, the operator simply extends the current container with the internal navigable structure of the second S-collection. Thus, for instance, if the user Joins the current container "Projects" and the S-collection "Nick" sharing a common member "Hyper-G", the scope of link-based browsing is extended; and the user continues navigation in the current container shown on Figure 37.
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Figure 37: Current Container Extended by the JOIN Operator

The operator Divide can be applied to the current container and one of S-collections belonging to the perspective. The Divide operator is the complement of the Include (or Join) operator which was applied to the selected S-collection in order to include it into the perspective. Thus, for instance, if  the user Divides the current container shown in Figure 36b by the S-collection "Hyper-G", the scope of link-based browsing is reduced and navigation continues in the container shown in Figure 36a.

In our prototype implementation, all the algebraic operators are available in the form of special buttons. Pressing a particular button invokes a list of S-collections which can be parameters of the operator in accordance with its semantics and current browsing situation. The user manually selects an S-collection which results in the modifications to the current container. Overview diagrams coupled with a display of the current perspective provide all the necessary feedback about the user's current location .

5.11 Concluding Remarks

At the logical level, the HM-Data Model  defines abstract data objects called S-collections, which represent reusable "chunks" of hypermedia information (of any size) provided with a well-defined public interface. An S-collection may embody internal structure: hypermedia links are encapsulated within an S-collection and are bound between its member S-collections.

Building on the logical level, the HM-Data Model 's semantic level defines domain-specific categories which form a conceptual schema for hypermedia data. A particular category is a purpose-oriented behavioural abstraction defining "intelligent", domain-specific behaviour for instances of the category. A conceptual schema defines the "intelligent" behaviour of a hypermedia system in a whole, and can be seen as a primary tool for ensuring the consistency and integrity of large-scale, multi-user hypermedia databases.

6 Learning Resource Interchange (LRN)

Learning Resource Interchange (LRN) is a commercial Microsoft® implementation of the forthcoming Instructional Management Systems Project (IMS) Content Packaging Specification.

A Learning Resource Interchange (LRN) file holds the content that makes up a course. An LRN file contains an XML file, manifest.xml, that describes the content and the content’s navigation; the content files themselves (if they are referenced locally and must be loaded into a learning platform); and some wrapper of all of the files. The wrapper is either a directory on a compact disc, on a Web server, or on a file server, or it is a compressed format (.cab or .zip) file. This LRN specification uses work done in the draft of the Instructional Management Systems (IMS) Packaging Specification, the Open eBooks Publication Structure Specification, and the Microsoft® HTML Help format. The XML schema for LRN is defined using XML-Data, the Microsoft proposal for XML schemas that has been submitted to the W3C. XML-Data, together with XML namespaces, provides a rich environment in which extensions to the Learning Resource Interchange can be described, implemented, and validated. The ability to extend the Learning Resource Interchange Schema can and will be used to support the definition of rich learning resources, and to describe alternate navigation options through learning resources. Version 1 of the LRN specification focuses primarily on defining and describing the core format, and does not address extensibility in depth. Extensibility of the LRN format will be dealt with in detail in the next version of the specification.

6.1 Conceptual Model

The Microsoft Learning Resource Interchange format contains all of the information that is necessary to load a course into a learning platform. The LRN format encapsulates information about the content files, one or more navigation hierarchies, and useful metadata at various levels.
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Figure 38 - Conceptual view of the LRN format
6.1.1 Package Section

A package is the fundamental building block, or section, of the LRN file. It is used to compartmentalise files, metadata, and a default navigation structure for aggregation, desegregation, and reuse. Aggregation and desegregation of packages is supported through the ability to refer to contained sub-packages within the main package, and the ability to reference external packages.

6.1.2 Metadata Section

This section contains metadata that is used to describe the course contained in the LRN file. Metadata within this section describes attributes of the course or a section of the course such as title, description, keywords, author, educational objective, skill level, or copyright. Section 3 of this specification, the XML Binding section, identifies specific metadata elements that are supported by the LRN format.

[image: image39.png]Package

One-to-ane

SETEET

Cantent

U
T

[{ResourceExtension},

I

One-ta-one
(or zer0)

A reusable unit of instruction
(encapsulates metadata,
navigation, and resources)

Metadata describing the
package.

Navigation structure for this
package.

A particular hisrarchical
navigation tree

& node within this navigation
tree.

& callection of references

& resource of type “content.”

Indicates whether the resource
should be visible when the course
is rendered

Metadata describing this

Dependent files.

& resource whose type and
schema is not defined by
the specification

& reference ta anather package.
Can by contained within manifest
o externally referenced

One-to-one
(2er0 or more)

One-to-one
(one or more)

] [}





Figure 39 - The primary XML elements in a manifest file

6.1.3 Organisation Section

This section describes the navigation structure for the package.

• TableOfContents Section. This section describes a particular navigation tree.

• Item Section. This section describes a node within a navigation tree. An item can contain subsections of items in a recursive manner.

6.1.4 Resource Section

This section identifies a collection of physical content files. Resource sections can contain Content sections and references to external packages (PackageRef) sections. Content sections can also contain Metadata sections to store content-level metadata.

• Content Section. This section describes a specific content file.

• Metadata Section. This section is a subsection of the Content section and contains metadata describing the content file, for example, author, size, or format.

• PackageRef Section. This section contains a reference to a Package section upon which files in this Resource section depend.

6.2 XML Binding

The LRN manifest file, manifest.xml, contains all of the information that is necessary to load a course into a learning platform. It consists of a series of XML elements that encapsulate information about the content files, a navigation hierarchy, and useful metadata. This section of the specification defines and describes the XML elements that are used to describe courses and content.

The elements in manifest.xml must follow the rules for XML documents, as described by the XML 1.0 specification. For more information, go to http://www.w3.org/TR/1998/REC-xml-19980210.

6.2.1 <Package>

6.2.1.1 Description

• This element is the first, outermost element in the LRN, and contains all of the information about one or more reusable units of learning. Subsequent occurrences of the <Package> elements within the outermost <Package> are used to compartmentalise files, metadata, and navigation structure for aggregation, desegregation, and reuse. The best practice use of LRN will result in each reusable unit of learning being placed within its own <Package> element.

6.2.1.2 Occurrences

• Outermost <Package> occurs once and only once within a LRN manifest file. <Package> elements within the outermost <Package> element occur zero or more times.

6.2.1.3 Attributes

• Identifier (required). An identifier, provided by the LRN author or the LRN authoring tool, that is unique within the LRN manifest file.

• BaseHREF (optional). A string that provides a relative path offset for all relative URLs in the package.

6.2.1.4 Elements

• <Metadata>

• <Organization>

• <Resource>

• <Package>

6.2.1.5 Example

<?xml version="1.0"?>

<Package Identifier="PACKAGE1"


xmlns:dt="urn:schemas-microsoft-com:datatypes"


xmlns="x-schema:LRNSchema.xml"


xmlns:imsmd="x-schema:IMSSchema.xml">


<Metadata>



<General>




<imsmd:Title>Small LRN</imsmd:Title>



</General>


</Metadata>


<Organization>



<TableOfContents Identifier="TOC1" Default="1">




<Item IdentifierRef="Content1" imsmd:Title="Item 1">





<Item IdentifierRef="Content2" imsmd:Title="Item 2"/>




</Item>




<Item IdentifierRef="Content3" imsmd:Title="Item 3"/>



</TableOfContents>


</Organization>


<Resource>



<Content Identifier="Content1" URL="item1.htm">




<File URL="dependent_item.htm"/>



</Content>



<Content Identifier="Content2" URL="item2.htm"/>



<Content Identifier="Content3" URL="item3.htm"/>


</Resource>

</Package>

6.2.2 <Metadata>

6.2.2.1 Description

• This element contains metadata that is used to describe the content contained in the LRN file. Additional details about the Metadata elements can be found in Section 4, IMS Metadata Elements.

6.2.2.2 Occurrences

• Occurs zero or one times within a <Package> element.

6.2.2.3 Elements

• <MetaMetadata>

• <General>

• <LifeCycle>

• <Technical>

• <Rights>

6.2.2.4 Example

<Metadata>


<MetaMetadata>



<imsmd:Language>en</imsmd:Language>



<imsmd:MetadataScheme>LRN 1.0</imsmd:MetadataScheme>


</MetaMetadata>


<General>



<imsmd:Language>en</imsmd:Language>



<imsmd:Title>LRN Fragment</imsmd:Title>



<imsmd:Description>A Fragment of the LRN Format</imsmd:Description>


</General>


<LifeCycle>



<imsmd:Contribute>




<imsmd:Role>Author</imsmd:Role>




<imsmd:Entity>





<imsmd:VCARD>Moffatt;Christopher</imsmd:VCARD>




</imsmd:Entity>




<imsmd:Date>12-20-1999</imsmd:Date>



</imsmd:Contribute>



<imsmd:Version>1.0</imsmd:Version>



<imsmd:Status>Draft</imsmd:Status>


</LifeCycle>

</Metadata>

6.2.3 <Organization>

6.2.3.1 Description

• This element describes the navigation structure for the manifest.

6.2.3.2 Occurrences

• Occurs once and only once within a <Package> element.

6.2.3.3 Elements

• <TableOfContents>

6.2.3.4 Example

<Organization>


<TableOfContents Identifier="TOC1" Default="1">



<Item IdentifierRef="Content1" imsmd:Title="Item 1">




<Item IdentifierRef="Content2" imsmd:Title="Item 2"/>



</Item>



<Item IdentifierRef="Content3" imsmd:Title="Item 3"/>


</TableOfContents>

</Organization>

6.2.4 <Resource>

6.2.4.1 Description

• This element identifies a collection of physical content files. In addition to the basic <Content> element, implementers can define additional resource types as extensions by defining an additional XML-Data schema to define and control the extended resource type.

6.2.4.2 Occurrences

• Occurs once and only once within a <Package> element.

6.2.4.3 Elements

• <Content>

• <PackageRef>

6.2.4.4 Example

<Resource>


<Content Identifier="Content1" URL="item1.htm">



<File URL="dependent_item.htm"/>


</Content>


<Content Identifier="Content2" URL="item2.htm"/>


<Content Identifier="Content3" URL="item3.htm"/>

</Resource>

6.2.5 <Metadata>

• This specification supports metadata by incorporating information from the IMS Meta-data Specification, version 1.0. Additional details about the Metadata elements can be found in Section 4, IMS Meta-data Elements.

6.2.6 <Organization>

• The <Organization> element contains information about how the resources in a course are organized. The most common use of this section would be to represent it as a path or navigation through a course.

6.2.7 <TableOfContents>

6.2.7.1 Description

• This element describes a particular navigation tree.

6.2.7.2 Occurrences

• Occurs zero or more times within <Organization>.

6.2.7.3 Attributes

• Identifier (required). An identifier, provided by the LRN author or the LRN authoring tool, that is unique within the LRN manifest file.

• Default (optional). Indicates if this is the default table of contents entry. A Boolean value (“0”, “1”).

6.2.7.4 Elements

• <Item>

6.2.7.5 Example

<TableOfContents Identifier="TOC1" Default="1">


<Item IdentifierRef="Content1" imsmd:Title="Item 1">



<Item IdentifierRef="Content2" imsmd:Title="Item 2">


</Item>


<Item IdentifierRef="Content3" imsmd:Title="Item 3"/>

</TableOfContents>

6.2.8 <Item>

6.2.8.1 Description

• This element describes a node within a navigation tree.

6.2.8.2 Occurrences

• Occurs zero or more times within <TableOfContents> and zero or more times within <Item>.

6.2.8.3 Attributes

• IdentifierRef (optional). A reference to a Resource identifier (within the same package) or TableofContents identifier (within a different package) that is used to resolve the ultimate location of the file. If no IdentifierRef is supplied, it is assumed that there is no content associated with this entry in the table of contents. If the IdentifierRef references a TableofContents identifier, it must be a leaf node with no children.

• imsmd:Title (required). Title of the entry.

• Parameters (optional). Static parameters to be passed to the content file at launch time.

Note: This attribute is not currently supported in the LRN Toolkit.

6.2.8.4 Elements

• <Item>

6.2.8.5 Example

<Item IdentifierRef="Content1" imsmd:Title="Item 1">


<Item IdentifierRef="Content2" imsmd:Title="Item 2">

</Item>

<Item IdentifierRef="Content3" imsmd:Title="Item 3"/>

6.2.9 <Resource>

• The <Resource> element identifies a collection of physical resource files. This specification defines the simplest resource, a content file. Additional resources can be defined and described using the Learning Resource Interchange Format support for extensibility.

6.2.10 <Content>

6.2.10.1 Description

• This element describes a specific content file.

6.2.10.2 Occurrences

• Occurs zero or more times within <Resource>.

6.2.10.3 Attributes

• Identifier (required). An identifier, provided by the LRN author or the LRN authoring tool, that is unique within the LRN manifest file.

• URL (required). URL of the content file. It can be a relative or absolute URL. If the URL is relative, the file is loaded into the learning management system. If the URL is absolute, the content file is referenced at its location by the learning management system.

6.2.10.4 Elements

• <IsVisible>

• <Metadata>

• <File>

6.2.10.5 Example

<Content Identifier="Content1" URL="item1.htm">


<File URL="dependent_item.htm"/>

</Content>

6.2.11 <IsVisible>

6.2.11.1 Description

• Indicates whether or not the resource should be displayed in the syllabus. A Boolean value (“0”, “1”).

6.2.11.2 Occurrences

• Occurs zero or one times within <Content>.

6.2.11.3 Example

<Content Identifier="Content1" URL="item1.htm">


<IsVisible>0</IsVisible>

</Content>

6.2.12 <Metadata>

6.2.12.1 Description

• This element contains metadata that describes the content resource. Additional details about the Metadata elements can be found in Section 4, IMS Meta-data Elements.

6.2.12.2 Occurrences

• Occurs zero or one times within <Content>.

6.2.12.3 Elements

• <MetaMetadata>

• <General>

• <LifeCycle>

• <Technical>

• <Rights>

6.2.12.4 Example

<Metadata>


<LifeCycle>



<imsmd:Contribute>




<imsmd:Role>Author</imsmd:Role>




<imsmd:Entity>





<imsmd:VCARD>Moffatt;Christopher</imsmd:VCARD>




</imsmd:Entity>




<imsmd:Date>12-20-1999</imsmd:Date>



</imsmd:Contribute>



<imsmd:Version>1.0</imsmd:Version>



<imsmd:Status>Final</imsmd:Status>


</LifeCycle>

</Metadata>

6.2.13 <File>

6.2.13.1 Description

• A dependent file, associated with a <Content> element.

6.2.13.2 Occurrences

• Occurs zero or more times within <Content>.

6.2.13.3 Attributes

• URL (required). URL of the content file. It can be a relative or absolute URL. If the URL is relative, the file is loaded into the learning management system. If the URL is absolute, the content file is referenced at its location by the learning management system.

6.2.13.4 Example

<File URL="dependent_item.htm"/>

6.2.14 <PackageRef>

6.2.14.1 Description

• This element contains a reference to a <Package> element upon which files in this <Resource> element depend.

6.2.14.2 Occurrences

• Occurs zero or more times within <Resource>.

6.2.14.3 Attributes

• IdentifierRef (required). A reference to a Package identifier that is used to resolve the ultimate location of the file.

6.2.14.4 Example

<Resource>


<PackageRef IdentifierRef="PACKAGE21"/>


<PackageRef IdentifierRef="PACKAGE32"/>

</Resource>

6.3 IMS Meta-data Elements

This section describes the Metadata elements supported by the <Metadata> elements within <Package> and <Content>. These elements are defined in the XML-Data schema called IMSSchema.xml. The LRN specification supports metadata by using the core elements of the IMS Meta-data Specification, version 1.0. The IMS Meta-data is supported as follows:

• The top level tags of the IMS Core Meta-data were “promoted” into the LRN Schema.

• A separate XML-Data schema was created to declare and define the IMS 1.0 Core elements.

This approach to supporting IMS Meta-data in the LRN specification should be considered experimental.

6.3.1 <MetaMetadata>

6.3.1.1 Description

• This element describes information about the metadata that is used to describe the LRN manifest file.

6.3.1.2 Occurrences

• Occurs zero or once within <Metadata>.

6.3.1.3 Elements

• <imsmd:Language>

• <imsmd:MetadataScheme>

6.3.1.4 Example

<MetaMetadata>


<imsmd:Language>en</imsmd:Language>


<imsmd:MetadataScheme>LRN 1.0</imsmd:MetadataScheme>

</MetaMetadata>

6.3.2 <imsmd:Language>

6.3.2.1 Description

• This element describes the language of the Metadata instance. It consists of a two-letter language code and subcode. This approach is compatible with that of the xml:lang attribute and is defined by RFC 1766.

6.3.2.2 Occurrences

• Occurs zero or one times within <MetaMetadata>.

6.3.2.3 Example

<imsmd:Language>en</imsmd:Language>

6.3.3 <imsmd:MetadataScheme>

6.3.3.1 Description

• Names the structure of the metadata (including version).

6.3.3.2 Occurrences

• Occurs zero or one times within <MetaMetadata>.

6.3.3.3 Example

<imsmd:MetadataScheme>LRN 1.0</imsmd:MetadataScheme>

6.3.4 <General>

6.3.4.1 Description

• This element describes context-independent features of the resource.

6.3.4.2 Occurrences

• Occurs zero or one times within <Metadata>.

6.3.4.3 Elements

• <imsmd:Language>

• <imsmd:Title>

• <imsmd:Description>

• <imsmd:Keywords>

6.3.4.4 Example

<General>


<imsmd:Language>en</imsmd:Language>


<imsmd:Title> Hello, World! </imsmd:Title>


<imsmd:Description>A small LRN with optional Metadata elements.</imsmd:Description>


<imsmd:Keywords> LRN, Learning, XML </imsmd:Keywords>

</General>

6.3.5 <imsmd:Language>

6.3.5.1 Description

• This element describes the language of the Metadata instance. It consists of a two-letter language code and subcode. This approach is compatible with that of the xml:lang attribute and is defined by RFC 1766.

6.3.5.2 Occurrences

• Occurs zero or one times within <General>.

6.3.5.3 Example

<imsmd:Language>en</imsmd:Language>

6.3.6 <imsmd:Title>

6.3.6.1 Description

• This element describes the name given to the resource.

6.3.6.2 Occurrences

• Occurs once and only once within <General>.

6.3.6.3 Example

<imsmd:Title> Hello, World! </imsmd:Title>

6.3.7 <imsmd:Description>

6.3.7.1 Description

• This element is a textual description of the content of the resource.

6.3.7.2 Occurrences

• Occurs zero or one times within <General>.

6.3.7.3 Example

<imsmd:Description>A small LRN with optional Metadata elements.</imsmd:Description>

6.3.8 <imsmd:Keywords>

6.3.8.1 Description

• This element contains keywords that describe the resource.

6.3.8.2 Occurrences

• Occurs zero or one times within <General>.

6.3.8.3 Example

<imsmd:Keywords> LRN, Learning, XML </imsmd:Keywords>

6.3.9 <LifeCycle>

6.3.9.1 Description

• This describes elements that are related to the life cycle of the resource.

6.3.9.2 Occurrences

• Occurs zero or one times within <Metadata>.

6.3.9.3 Elements

• <imsmd:Version>

• <imsmd:Status>

• <imsmd:Contribute>

6.3.9.4 Example

<LifeCycle>


<imsmd:Version>1.0</imsmd:Version>


<imsmd:Status>Final</imsmd:Status>


<imsmd:Contribute>



<imsmd:Role>Author</imsmd:Role>



<imsmd:Entity>




<imsmd:VCARD>Moffatt;Christoper</imsmd:VCARD>



</imsmd:Entity>



<imsmd:Date>12-20-1999</imsmd:Date>


</imsmd:Contribute>

</LifeCycle>

6.3.10 <imsmd:Version>

6.3.10.1 Description

• This element describes the version or edition of the resource.

6.3.10.2 Occurrences

• Occurs zero or one times within <LifeCycle>.

6.3.10.3 Example

<imsmd:Version>1.0</imsmd:Version>

6.3.11 <imsmd:Status>

6.3.11.1 Description

• This element describes the condition the resource is in: {Draft, Final, Revised, Unavailable}.

6.3.11.2 Occurrences

• Occurs zero or one times within <LifeCycle>.

6.3.11.3 Example

<imsmd:Status>Final</imsmd:Status>

6.3.12 <imsmd:Contribute>

6.3.12.1 Description

• This element describes persons or organizations contributing to the resource.

6.3.12.2 Occurrences

• Occurs zero or more times within <LifeCycle>.

6.3.12.3 Elements

• <imsmd:Role>

• <imsmd:Entity>

• <imsmd:Date>

6.3.12.4 Example

<imsmd:Contribute>


<imsmd:Role>Author</imsmd:Role>


<imsmd:Entity>



<imsmd:VCARD>Moffatt;Christoper</imsmd:VCARD>


</imsmd:Entity>


<imsmd:Date>12-20-1999</imsmd:Date>

</imsmd:Contribute>

6.3.13 <imsmd:Role>

6.3.13.1 Description

• This element describes the kind of contribution.

• Best practice list: {Author, Publisher, Unknown, Initiator, Terminator, Validator, Editor, Graphical Designer, Technical Implementer, Content Provider, Technical Validator, Educational Validator, Script Writer, Instructional Designer}. It is recommended that exactly one instance of Author exists.

6.3.13.2 Occurrences

• Occurs zero or one times within <Contribute>.

6.3.13.3 Example

<imsmd:Role>Author</imsmd:Role>

6.3.14 <imsmd:Entity>

6.3.14.1 Description.

• This element describes the entity or entities--the most relevant first--involved in the contribution. VCARD format.

6.3.14.2 Occurrences.

• Occurs zero or one times within <Contribute>.

6.3.14.3 Elements

• <imsmd:VCARD>

6.3.14.4 Example

<imsmd:Entity>


<imsmd:VCARD>Moffatt;Christoper</imsmd:VCARD>

</imsmd:Entity>

6.3.15 <imsmd:VCARD>

6.3.15.1 Description

• This element contains the entity description using vCard format.

6.3.15.2 Occurrences

• Occurs zero or one times within <Entity>.

6.3.15.3 Example

<imsmd:VCARD>Moffatt;Christoper</imsmd:VCARD>

6.3.16 <imsmd:Date>

6.3.16.1 Description

• This element contains the date of the contribution.

6.3.16.2 Occurrences

• Occurs zero or one times within <Contribute>.

6.3.16.3 Example

<imsmd:Date>12-20-1999</imsmd:Date>

6.3.17 <Technical>

6.3.17.1 Description

• This element describes the technical features of the resource.

6.3.17.2 Occurrences

• Occurs zero or one times within <Metadata>.

6.3.17.3 Elements

• <imsmd:Format>

• <imsmd:Duration>

6.3.17.4 Example

<Technical>


<imsmd:Format>text</imsmd:Format>


<imsmd:Duration>300</imsmd:Duration>

</Technical>

6.3.18 <imsmd:Format>

6.3.18.1 Description

• This element describes the technical data type of the resource.

• Restricted vocabulary: {MIME type or non-digit.}

6.3.18.2 Occurrences

• Occurs zero or one times within <Technical>.

6.3.18.3 Example

<imsmd:Format>text</imsmd:Format>

6.3.19 <imsmd:Duration>

6.3.19.1 Description

• This element contains the duration of the resource in seconds.

• An integer value.

6.3.19.2 Occurrences

• Occurs zero or one times within <Technical>.

6.3.19.3 Example

<imsmd:Duration>300</imsmd:Duration><Rights>

6.3.20 < Rights>

6.3.20.1 Description

• This element describes conditions of use of the resource.

6.3.20.2 Occurrences

• Occurs zero or one times within <Metadata>.

6.3.20.3 Elements

• <imsmd:Cost>

• <imsmd:CopyRightandOtherRestrictions>

• <imsmd:Description>

6.3.20.4 Example

<Rights>


<imsmd:Cost>yes</imsmd:Cost>


<imsmd:CopyRightAndOtherRestrictions>yes</imsmd:CopyRightAndOtherRestrictions>


<imsmd:Description>



Copyright 1999 Microsoft Corporation.



Contact publisher to purchase.


</imsmd:Description>

</Rights>

6.3.21 <imsmd:Cost>

6.3.21.1 Description

• This element indicates whether or not use of the resource requires payment.

• Restricted vocabulary: {yes, no}

6.3.21.2 Occurrences

• Occurs zero or one times within <Rights>.

6.3.21.3 Example

<imsmd:Cost>yes</imsmd:Cost>

6.3.22 <imsmd:CopyRightandOtherRestrictions>

6.3.22.1 Description

• This element indicates whether copyright or other restrictions apply to the use of the resource.

• Restricted vocabulary: {yes, no}

6.3.22.2 Occurrences

• Occurs zero or one times within <Rights>.

6.3.22.3 Example

<imsmd:CopyRightAndOtherRestrictions>yes</imsmd:CopyRightAndOtherRestrictions>

6.3.23 <imsmd:Description>

6.3.23.1 Description

• This element contains comments on the conditions of use of the resource.

6.3.23.2 Occurrences

• Occurs zero or one times within <Rights>.

6.3.23.3 Example

<imsmd:Description>


Copyright 1999 Microsoft Corporation.


Contact publisher to purchase.

</imsmd:Description>

6.4 Examples

6.4.1 A small RLN package

<?xml version="1.0"?>

<Package Identifier="PACKAGE1"


xmlns:dt="urn:schemas-microsoft-com:datatypes"


xmlns="x-schema:LRNSchema.xml"


xmlns:imsmd="x-schema:IMSSchema.xml">


<Metadata>



<General>




<imsmd:Title>Small LRN</imsmd:Title>



</General>


</Metadata>


<Organization>



<TableOfContents Identifier="TOC1" Default="1">




<Item IdentifierRef="Content1" imsmd:Title="Item 1">





<Item IdentifierRef="Content2" imsmd:Title="Item 2"/>




</Item>




<Item IdentifierRef="Content3" imsmd:Title="Item 3"/>



</TableOfContents>


</Organization>


<Resource>



<Content Identifier="Content1" URL="item1.htm">




<File URL="dependent_item.htm"/>



</Content>



<Content Identifier="Content2" URL="item2.htm"/>



<Content Identifier="Content3" URL="item3.htm"/>


</Resource>

</Package>

6.4.2 LRN Presentation of a Learning Course

The following is a simple LRN example of the same “ Bank Academy” course (see 5.8.3):

Manifest.xml:

<?xml version="1.0"?>

<Package Identifier="Pack_bank" xmlns:dt="urn:schemas-microsoft-com:xml-data" xmlns="x-schema:LRNSchema.xml" xmlns:imsmd="x-schema:IMSSchema.xml">

<Metadata>

<General>

<imsmd:Title>Bank Academy</imsmd:Title>

</General>

</Metadata>

<Organization>

<TableOfContents Identifier="bank" Default="1">

<Item IdentifierRef="bank3" imsmd:Title="Bank Academy">

<Item IdentifierRef="bank02" imsmd:Title="The Economic Significance of Banking"/>

<Item IdentifierRef="bank03" imsmd:Title="Banks as Financial Intermediaries"/>

<Item IdentifierRef="bank04" imsmd:Title="The Objectives of Credit Institutions"/>

</Item>

</TableOfContents>

</Organization>

<Resource>

<PackageRef IdentifierRef="Pack_bank02"/>

<PackageRef IdentifierRef="Pack_bank03"/>

<PackageRef IdentifierRef="Pack_bank04"/>

<Content Identifier="bank3" URL="bank_000.htm"/>

</Resource>

<Package Identifier="Pack_bank02">

<Metadata>

<General>

<imsmd:Title>The Economic Significance of Banking</imsmd:Title>

</General>

</Metadata>

<Organization>

<TableOfContents Identifier="bank02" Default="1">

<Item IdentifierRef="bank022" imsmd:Title="The Economic Significance of Banking">

<Item IdentifierRef="bank020" imsmd:Title="b12_2.htm"/>

<Item IdentifierRef="bank021" imsmd:Title="b12_3.htm"/>

</Item>

</TableOfContents>

</Organization>

<Resource>

<Content Identifier="bank020" URL="b12_2.htm"/>

<Content Identifier="bank021" URL="b12_3.htm"/>

<Content Identifier="bank022" URL="b12_1.htm"/>

</Resource>

</Package>

<Package Identifier="Pack_bank03">

<Metadata>

<General>

<imsmd:Title>Banks as Financial Intermediaries</imsmd:Title>

</General>

</Metadata>

<Organization>

<TableOfContents Identifier="bank03" Default="1">

<Item IdentifierRef="bank034" imsmd:Title="Banks as Financial Intermediaries">

<Item IdentifierRef="bank030" imsmd:Title="b13_2.hmw"/>

<Item IdentifierRef="bank031" imsmd:Title="b13_3.hmw"/>

<Item IdentifierRef="bank032" imsmd:Title="b13_4.hmw"/>

<Item IdentifierRef="bank033" imsmd:Title="b13_5.htm"/>

</Item>

</TableOfContents>

</Organization>

<Resource>

<Content Identifier="bank030" URL="b13_2.hmw__518-210-xy"/>

<Content Identifier="bank031" URL="b13_3.hmw__518-210-xy"/>

<Content Identifier="bank032" URL="b13_4.hmw__518-210-xx"/>

<Content Identifier="bank033" URL="b13_5.htm"/>

<Content Identifier="bank034" URL="b13_1.hmw__518-210-xx"/>

</Resource>

</Package>

<Package Identifier="Pack_bank04">

<Metadata>

<General>

<imsmd:Title>The Objectives of Credit Institutions</imsmd:Title>

</General>

</Metadata>

<Organization>

<TableOfContents Identifier="bank04" Default="1">

<Item IdentifierRef="bank042" imsmd:Title="The Objectives of Credit Institutions">

<Item IdentifierRef="bank040" imsmd:Title="b14_2.hmw"/>

<Item IdentifierRef="bank041" imsmd:Title="b14_3.hmw"/>

</Item>

</TableOfContents>

</Organization>

<Resource>

<Content Identifier="bank040" URL="b14_2.hmw__525-210-xx"/>

<Content Identifier="bank041" URL="b14_3.hmw__525-210-xx"/>

<Content Identifier="bank042" URL="b14_1.hmw__525-210-xx"/>

</Resource>

</Package>

</Package>
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Figure 40:Viewing the “Bank Academy” Course with the original RLN Viewer

7 WBT-Master Generic Scenarios 

In the following, several WBT-Master application scenarios are presented, covering the core elements of the WBT-Master training methodology. Based on these application scenarios, functionality of basic components is derived. The set of the basic component definitions is presented in Sections 8 and 10. Mapping of the scenarios onto WBT-Master tools is presented in Section 11.

7.1 Scheduled training sessions

Description: 

A special training organisation having much experience in the training encounters a topic which might be of interest for many organisations.

The training organisation analyses the topic and allocate an experienced employee (i.e. tutor) to conduct the training sessions on a regular basis. The tutor in collaboration with a courseware author develops a special internet course and make a special announcement on the WBT-Master server about a number of regular training session on the topic. Potential learners may access the announcement board and subscribe themselves for a particular training session. Right before starting the training session, the tutor defines a user group and user accounts for all members of the group.

Additionally, the tutor defines so-called “office hours” – i.e. time when he/she is available online via the WBT-Master communicational facilities.

During the time slot allocated for the training session, the learners work through the courseware material and communicate with the tutor and with other group members.

The tutor is available for some time after the course to answer question about the course topics that occur during the trainees' work.

Learners acquire knowledge from the following sources:

· especially prepared and well-defined courseware fragments combined into a special course;

· communication with the tutor;

· communication with other Learners working on the same course

Roles: 

- Author (of the course)

- Tutor

- Learner (Trainee)

Processes:

1. Accessing courseware (Learner): Learners access courseware repository using a standard Web browser. An easy to understand navigational structure of a particular course or a particular learning unit is required. The navigational structure includes links to the next and prior document, as well as the link to the table of contents of a particular learning unit or a course. Activating an embedded link in a document, that is a member of a learning unit, should not result in the getting lost situation.

2. Contributing on-the-fly (Learner & Tutor): Tutor and Learners may well contribute to the course content on the fly. This means that they should have a possibility to add comments to a specific part of the course topic. The comments may take form of references to other document residing on the Web. Furthermore, a user may upload a whole document, a picture, a sound clip, an animation to the system and attach it to a fragment of the learning course.

3. Question in a context (Learner): Learners may put questions about learning material directly on the material being viewed. Simply stated, learners may ask the tutor questions that are related to the material. Tutors should be notified about such questions and the learner should immediately get an answer or an information on when the question will be answered. Whenever the question is answered the learner should be also notified.

4. Asynchronous Communication with other members of the Learning Group (Learner &Tutor): The user  can exchange Multimedia information asynchronously within a peer group. The Multimedia information may be seen as a textual part possibly accompanied with an arbitrary file (picture, movie, sound, etc.) residing on the Internet or a local hard drive.

The whole discussion should be structured as discussion threads and available to any member of the peer group during the current training session. The tutor may select some threads and convert them into courseware fragments available for forthcoming training session.

5. Synchronous Communication with other members of the Learning Group (Learner &Tutor): The user  can exchange textual information synchronously within a peer group. The whole discussion should be structured as sequence of messages (chat) and available for any member of the group.

6. Customising courseware (tutor): Depending on comments/questions received from the group members tutors may decide to customise the course in time of the training period. The customisation of the courseware may affect presentation aspects (optical appearance, functional buttons, etc.) and/or the course structure.  The courseware customisation may be done just for one training session or be valid for all forthcoming sessions.

7. Extending courseware (tutor): Depending on comments/questions received from the group members tutors may decide to extend the course content in time of the training period without modifying the overall course structure. Tutors may add some comments, explanations to the prepared educational material in order to bridge the gap between the courseware and his/her target audience. The courseware extension may be done just for one training session or be valid for all forthcoming sessions.

8. Monitoring learners' progress (tutor): Tutors are able to track learners' progress as they advance through the learning course. Different statistic data should be collected for each particular learner, such as: which documents of the course are already visited by a learner and the timestamp of the last visit, points gained by learners by filling out questionnaires, time spent by each particular learner navigating through a learning unit, time spent to read a particular document and similar data. The statistics and its evaluation is a valuable source of information for a tutor. Depending on this information the tutor may decide on further customisation or extending courseware.

9. Answering questions in a context (tutor): When a question is asked or a help is required, the working context plays an extremely important role. An answer to the question "Why A is equal to B" depends on a particular document on which learner is currently working, on the history of navigation ( which topics were explained before and which terms are understandable without an explanation ), on the particular learner group ( some learners perhaps do not need such detailed explanation as others, etc. Tutor should be able to read questions asked by learners in their current context and should be able to answer this questions regarding the current learner's context. All the question-answer dialogs are available for the current training session and can be copied as additional courseware material for all forthcoming sessions.

10. Creating and maintaining learning units (Author): Authors prepare courseware that should be uploaded to the system and presented to learners. Courseware repository is a big collection of learning units and courses. Learning units and courses are composed of documents and other learning units/courses. Documents are prepared by means of local authoring tools which are not a part of the system. The system should provide authors with facilities for creating, structuring, editing and uploading learning units and courses. The whole process should be as simple as possible. 

7.2 Training on a corporation’s demand (courseware based approach)

Description: 

Department manager of a particular organisation requests a training session for the department employees.  The training session is supposed to be conducted via the Internet by a special training organisation having much experience in the training on similar subjects.

The training organisation analyses the particular requirements and allocate an experienced employee (i.e. tutor) to conduct the training session.

After having analysed the problem, the tutor in collaboration with a courseware author develops a special internet course. Right before starting the training session, the tutor uploads the course to the WBT-Master system, defines a user group and user accounts for all members of the group.

Additionally, the tutor defines so-called “office hours” – i.e. time when he/she is available online via the WBT-Master communicational facilities.

During the time slot allocated for the training session, the learners work through the courseware material and communicate with the tutor and with other group members.

The tutor is available for some time after the course to answer question about the course topics that occur during the trainees' work.

Learners acquire knowledge from the following sources:

· especially prepared and well-defined courseware fragments combined into a special course;

· communication with the tutor;

· communication with other Learners working on the same course

Roles: 

- Author (of the course)

- Tutor

- Learner (Trainee)

Processes:

1. Accessing courseware (Learner): Learners access courseware repository using a standard Web browser. An easy to understand navigational structure of a particular course or a particular learning unit is required. The navigational structure includes links to the next and prior document, as well as the link to the table of contents of a particular learning unit or a course. Activating an embedded link in a document, that is a member of a learning unit, should not result in the getting lost situation.

2. Contributing on-the-fly (Learner & Tutor): Tutor and Learners may well contribute to the course content on the fly. This means that they should have a possibility to add comments to a specific part of the course topic. The comments may take form of references to other document residing on the Web. Furthermore, a user may upload a whole document, a picture, a sound clip, an animation to the system and attach it to a fragment of the learning course.

3. Question in a context (Learner): Learners may put questions about learning material directly on the material being viewed. Simply stated, learners may ask the tutor questions that are related to the material. Tutors should be notified about such questions and the learner should immediately get an answer or an information on when the question will be answered. Whenever the question is answered the learner should be also notified.

4. Asynchronous Communication with other members of the Learning Group (Learner &Tutor): The user  can exchange Multimedia information asynchronously within a peer group. The Multimedia information may be seen as a textual part possibly accompanied with an arbitrary file (picture, movie, sound, etc.) residing on the Internet or a local hard drive.

The whole discussion should be structured as discussion threads and available to any member of the peer group.

5. Synchronous Communication with other members of the Learning Group (Learner &Tutor): The user  can exchange textual information synchronously within a peer group. The whole discussion should be structured as sequence of messages (chat) and available for any member of the group.

6. Customising courseware (tutor): Depending on comments/questions received from the group members tutors may decide to customise the course in time of the training period. The customisation of the courseware may affect presentation aspects (optical appearance, functional buttons, etc.) and/or the course structure. 

7. Extending courseware (tutor): Depending on comments/questions received from the group members tutors may decide to extend the course content in time of the training period without modifying the overall course structure. Tutors may add some comments, explanations to the prepared educational material in order to bridge the gap between the courseware and his/her target audience.

8. Monitoring learners' progress (tutor): Tutors are able to track learners' progress as they advance through the learning course. Different statistic data should be collected for each particular learner, such as: which documents of the course are already visited by a learner and the timestamp of the last visit, points gained by learners by filling out questionnaires, time spent by each particular learner navigating through a learning unit, time spent to read a particular document and similar data. The statistics and its evaluation is a valuable source of information for a tutor. Depending on this information the tutor may decide on further customisation or extending courseware.

9. Answering questions in a context (tutor): When a question is asked or a help is required, the working context plays an extremely important role. An answer to the question "Why A is equal to B" depends on a particular document on which learner is currently working, on the history of navigation ( which topics were explained before and which terms are understandable without an explanation ), on the particular learner group ( some learners perhaps do not need such detailed explanation as others, etc. Tutor should be able to read questions asked by learners in their current context and should be able to answer this questions regarding the current learner's context.

10. Creating and maintaining learning units (Author): Authors prepare courseware that should be uploaded to the system and presented to learners. Courseware repository is a big collection of learning units and courses. Learning units and courses are composed of documents and other learning units/courses. Documents are prepared by means of local authoring tools which are not a part of the system. The system should provide authors with facilities for creating, structuring, editing and uploading learning units and courses. The whole process should be as simple as possible. 

7.3 Training on a corporation’s demand (document based approach)

Description: 

Basically, the scenario repeats the Scenario 1. The principal difference is that after having analysed the problem, the tutor cannot develop the courseware, but he has a number of heterogeneous documents (Textual files, WinWord files, PowerPoint Presentations, Simulations, etc.) which can be used for the training session.

The tutor uploads the documents to the WBT-Master system and defines a special training schedule prescribing which document should be accessed on each particular stage of the training session and what actions are expected from a learner working with the document. For example, learners may be requested to read a document, to work through test questions, to work with a simulation package, etc.

Right before starting the training session, the tutor defines a user group and user accounts for all members of the group.

Additionally, the tutor defines so-called “office hours” – i.e. time when he/she is available online via the WBT-Master communicational facilities.

During the time slot allocated for the training session, the learners work through the training schedule and communicate with the tutor and with other group members.

The tutor is available for some time after the course to answer question about the course topics that occur during the trainees' work.

Learners acquire knowledge from the following sources:

· documents accompanied with a Training Schedule;

· communication with the tutor;

· communication with other Learners working on the same course

Roles: 

- Tutor

- Learner (Trainee)

Processes:

1. Accessing document in accordance with the training schedule (Learner): Learners access the training documents using a standard Web browser. An easy to understand schedule of the training session is required. 

2. Contributing on-the-fly (Learner & Tutor): Tutor and Learners may well contribute to the training schedule on the fly by adding comments to elements of the training schedule or to original documents. The comments may take form of references to other document residing on the Web. Furthermore, a user may upload a whole document, a picture, a sound clip, an animation, etc. to the system and attach it to a document or to a fragment of the training schedule.

3. Question in a context (Learner): Learners may put questions about learning material directly on the documents being viewed. Simply stated, learners may ask the tutor questions that are related to the document. Tutors should be notified about such questions and the learner should immediately get an answer or an information on when the question will be answered. Whenever the question is answered the learner should be also notified.

4. Asynchronous Communication with other members of the Learning Group (Learner &Tutor): The user  can exchange Multimedia information asynchronously within a peer group. The Multimedia information may be seen as a textual part possibly accompanied with an arbitrary file (picture, movie, sound, etc.) residing on the Internet or a local hard drive.

The whole discussion should be structured as discussion threads and available to any member of the peer group.

5. Synchronous Communication with other members of the Learning Group (Learner &Tutor): The user  can exchange textual information synchronously within a peer group. The whole discussion should be structured as sequence of messages (chat) and available for any member of the group.

6. Customising training schedule (tutor): Depending on comments/questions received from the group members tutors may decide to customise the training schedule in time of the training period. 

7. Extending original documents (tutor): Depending on comments/questions received from the group members tutors may decide to extend a particular document content in time of the training period without modifying the overall training schedule. Tutors may add some comments, explanations to the selected document in order to bridge the gap between the document and his/her target audience.

8. Monitoring learners' progress (tutor): Tutors are able to track learners' progress as they advance through the training schedule. Different statistic data should be collected for each particular learner, such as: which documents have been already visited by a learner and the timestamp of the last visit, points gained by learners by filling out questionnaires, time spent by each particular learner to read a particular document and similar data. The statistics and its evaluation is a valuable source of information for a tutor. Depending on this information the tutor may decide on further customisation or extending documents and the training schedule.

9. Answering questions in a context (tutor): Tutor should be able to read questions asked by learners in their current context and should be able to answer this questions regarding the current learner's context.

7.4 Training on a personal demand.

Description: 

An employee needs a training on a particular subject to acquire additional knowledge, and is aware about a WBT-Master server containing a relevant information.

The employee access the server to find most relevant training material, to work through these material and to communicate with the subject experts and with other learners working on similar materials.

Learners acquire knowledge from the following sources:

· learning resources dynamically selected by the user;

· communication with subject experts;

· communication with other Learners working on a similar topic

Roles: 
- Learner (Trainee)

Processes:

1. Accessing best-match learning resources (Learner)

The trainee can access most relevant learning resources by defining a learning goal and personal preferences. The personal preferences may include at least:

· necessary time to work through the learning resource;

· competence level (novice, practitioner, expert);

· learning preferences (textbook, MM learning Unit, Communication with a tutor);

Depending of what resource is selected for personal training (may be a Training Schedule, a Training Course, individual document, communication with a peer helper, etc.) the system provides all necessary facilities for working through the resource.

2. Contributing on-the-fly (Learner): Learners may well contribute to the server repository on the fly. They should have a possibility to add comments to learning resources. The comments may take form of references to other document residing on the Web. Furthermore, a user may upload a whole document, a picture, a sound clip, an animation to the system and attach it to the learning resource.

3. Question in a context (Learner): Learners may put questions about learning material directly on the material being viewed. A person responsible for the Learning Resource (most probably a Tutor of some other training session) should be notified about such questions. This scenario does not guarantee answering the question by an expert, but if the question is answered, the learner should be notified.

4. Subscribing for an existing Learning Group (Learner): The user is provided with an information on existing peer groups including restrictions for possible participation. The information is accompanied with a special tool to request a participation in a particular peer group.

5. Asynchronous Communication with other members of the Learning Group (Learner): The user  can exchange Multimedia information asynchronously within a peer group. The Multimedia information may be seen as a textual part possibly accompanied with an arbitrary file (picture, movie, sound, etc.) residing on the Internet or a local hard drive.

The whole discussion should be structured as discussion threads and available to any member of the peer group.

6. Synchronous Communication with other members of the Learning Group (Learner): The user  can exchange textual information synchronously within a peer group. The whole discussion should be structured as sequence of messages (chat) and available for any member of the group.

7.5 Problem Solving (document based approach).

Description: 

An employee needs to solve a particular problem, and is aware about a WBT-Master server containing a relevant information.

The employee access the server to find most relevant training material, to work through these material and to communicate with the subject experts and with other learners working on similar problems.

There is an important precondition for the scenario application – existence of relevant learning resources on the server. If such learning resources cannot be located, the Scenario 6 “Career Development by solving a problem (brainstorming approach)” is supposed to be applied.

Learners acquire knowledge from the following sources:

· learning resources dynamically selected by the user;

· communication with subject experts;

· communication with other Learners working on a similar topic

Roles: 
- Learner (Trainee)

Processes:

1. Accessing best-match learning resources (Learner)

The trainee can access most relevant learning resources by defining a learning goal and personal preferences. The personal preferences may include at least:

· necessary time to work through the learning resource;

· competence level (novice, practitioner, expert);

· learning preferences (textbook, MM learning Unit, Communication with a tutor);

Depending of what resource is selected for personal training (may be a Training Schedule, a Training Course, individual document, communication with a peer helper, etc.) the system provides all necessary facilities for working through the resource.

2. Contributing on-the-fly (Learner): Learners may well contribute to the server repository on the fly. They should have a possibility to add comments to learning resources. The comments may take form of references to other document residing on the Web. Furthermore, a user may upload a whole document, a picture, a sound clip, an animation to the system and attach it to the learning resource.

3. Question in a context (Learner): Learners may put questions about learning material directly on the material being viewed. A person responsible for the Learning Resource (most probably a Tutor of some other training session) should be notified about such questions. This scenario does not guarantee answering the question by an expert, but if the question is answered, the learner should be notified.

4. Subscribing for an existing Learning Group (Learner): The user is provided with an information on existing peer groups including restrictions for possible participation. The information is accompanied with a special tool to request a participation in a particular peer group.

5. Asynchronous Communication with other members of the Learning Group (Learner): The user  can exchange Multimedia information asynchronously within a peer group. The Multimedia information may be seen as a textual part possibly accompanied with an arbitrary file (picture, movie, sound, etc.) residing on the Internet or a local hard drive.

The whole discussion should be structured as discussion threads and available to any member of the peer group.

6. Synchronous Communication with other members of the Learning Group (Learner &Tutor): The user  can exchange textual information synchronously within a peer group. The whole discussion should be structured as sequence of messages (chat) and available for any member of the group.

7.6 Problem Solving (brainstorming approach).

Description: 

An employee needs to solve a particular problem, and is aware about a WBT-Master server visited often by experts having important knowledge on the subject.

The employee access the server to initiate a brainstorming session on the problem solution. The user makes a special announcement on the server and request the subject experts to participate in the session.

There is an important precondition for the scenario application – the problem should be innovative and does not have a commonly accepted solution. If such existing solution can be located on the Internet, the Scenario 5 “Career Development by solving a problem (document based approach)” is supposed to be applied.

Learners acquire knowledge from the following sources:

· communication with subject experts;

· contributions made by the subject experts;

· communication with other Learners working on a similar topic;

· assessment of solutions made by the subject experts and other Learners working on a similar topic;

Roles: 
· Learner (Trainee)

· Subject Experts

Processes:

1. Initiating a new Brainstorming session (Learner): The user is provided with a special tool for defining a problem to be solved and for inviting subject experts to contribute to the solution.

2. Contributing to the problem solution (Learner & Subject Expert): The user is provided with a special tool for uploading contributions (arbitrary files) into the server and defining relationships between contributions.

3. Extending a Contribution (Learner & Subject Expert): Depending on comments/questions received from the group members users may decide to extend a particular contribution content in time of the brainstorming period without modifying the overall contribution. Users may add some comments, explanations to the selected contribution.

4. Selection of contributions for more detailed discussion (Learner & Subject Expert): The user is provided with a special tool for selecting contributions, converting a number of related contributions into a compound resultant document and for inviting selected experts and other learners to work further on the resultant document.

5. Assessment of a contributions or a compound document (Learner & Subject Expert): The users are provided with a special tool for expressing  their opinions on the contribution (compound document).

6. Subscribing for an existing Learning Group (Learner): The user is provided with an information on existing peer groups including restrictions for possible participation. The information is accompanied with a special tool to request a participation in a particular peer group.

6. Asynchronous Communication with other members of the Learning Group (Learner & Subject Expert): The user  can exchange Multimedia information asynchronously within a peer group. The Multimedia information may be seen as a textual part possibly accompanied with an arbitrary file (picture, movie, sound, etc.) residing on the Internet or a local hard drive.

The whole discussion should be structured as discussion threads and available to any member of the peer group.

6. Synchronous Communication with other members of the Learning Group (Learner & Subject Expert): The user  can exchange textual information synchronously within a peer group. The whole discussion should be structured as sequence of messages (chat) and available for any member of the group.

8 WBT-Master Concepts 

WBT-Master (http://WBT-Master.iicm.edu/wbtmaster/master.htm) is an innovative WBT tool that supports the construction and delivery of Internet based courseware and provides all other important WBT information services on the base of a unified HM-Data Model [Maurer94, Maurer96b, Maurer98, Helic99]. In other words, WBT-Master is an Internet system that provides a set of modules and tools that use an unified internal data structures and well-defined set of operations applicable to such data structures. 

WBT-Master allows tutors to make effective use of the vast knowledge source of the World Wide Web and to present their students qualified material in a structured manner visualised by an ordinary WEB browser. 

WBT-Master enables synchronous and asynchronous communication among distributed teams and team members. This includes discussion forums, brain storming sessions, chats, annotation facilities etc. The variety of communicational tools supports collaboration between different users working together. Since all information services operate with unified data structures results of any collaboration (discussion sessions, brainstorming sessions, annotations, question-answer dialogs, etc) can be seen as new learning material and can be reused by others.  

Powerful customisation mechanism allows users to adjust the system to fit their needs in the best way. 

Tracing capabilities supported by the WBT-Master provide for monitoring of the users' activities and progress, thus giving an important feedback to tutors and courseware providers. An elaborate security mechanism allows creating of a fine-tuned environment for teams and individuals to participate in team projects.  All these facilities are seamlessly integrated with an advanced user interface, and are available anytime anywhere via a standard WEB browser. 

The courseware repository on WBT-Master is structured in accordance with HM-Data Model which provides for a smooth navigation through the course eliminating problems such as "getting lost in hyperspace", dangling links and similar. The model facilitate a context-dependent search and course maps. Tutors and Learners may contribute to the courseware repository “on-the-fly” using such embedded mechanisms as annotations, links to external resources and multimedia attachments. All such additional elements may be defined as public, private or visible just to a group of people, and hence provide rather powerful customisation facilities. 

WBT-Master supports also more traditional communicational strategies such as discussion forums, brain storming sessions, chats, exchange with private messages (ICQ). Communication may occur between learners, tutors and groups of users. Since all the communicational tools are based on the same background – HM-Data Model, any contribution may be seen as an information object which may be stored into a courseware repository and further reused.

WBT-Master implements a highly sophisticated progress tracking mechanism, which together with assessments help students to test their acquired knowledge and to plan their future activities. 
In this section, we introduce the main concepts which essentially define functionality of the system .

8.1 User

Each user is identified by: a unique LogIn Name, Password and by a number of optional parameters (i.e. First name, Second name, Affiliation, Email, Phone, Fax, Home page, Picture).

The user specific data are presented in a form of a special data object called personal Business Card. It can be visualised as shown in Fig. 41.
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Figure 41: Personal Business Card

WBT-Master distinguishes different user roles according to basic functionality which is required:

Learners utilise WBT information services in order to improve their knowledge and skills. They are motivated to use the system services by a particular Learning Goal in mind. In a simplest case, the Learning Goal may be just a wish to pass an examination and to get some credits.

Tutors manage the learning process on some particular subject. They know the learning subject and their target audience (i.e. Learners). Since a tutor plays a very important role in education as such, they also perform many different tasks in WBT systems. In a certain sense, we may even say, that WBT systems are supposed to help tutors to accomplish their tasks. Thus, tutors bridge a gap between learners and courseware by customising courseware, providing explanations (comments), answering questions, etc. Tutors select an appropriate learning strategy (say, Learning-By-Doing, Situation-Oriented Learning, etc) to achieve better learning results. Tutor control learners’ progress with the material, offer additional materials and point learners to fellow helpers if necessary, examine learners’ knowledge and acquired skills, etc.

Authors contribute to courseware repository creating and publishing documents, combining the documents into navigable structures (courseware libraries, courses, learning modules, etc.).

The WBT Administrator does not participate in the learning process as such but is mainly responsible for technical aspects of a WBT system functionality and resolving conflicts between other users.

8.2 User Group

User Group is a named collection of users having special rights for a particular Learning Resource. For example, there can be a group of users working on a particular course, learning goal, discussion forum, etc.
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Figure 42:User Group
Each User Group is defined by a short name (just one word without blank spaces) and by a descriptive name (a text defining a learning resource). A group may be created automatically when a new Forum, Course, Brainstorming Session or Learning Goal is created, or manually by a particular user who is supposed to moderate the group. A group moderator gets additional rights, for example, the moderator may delete/modify the group and insert/remove users. Group Subscription (i.e. inserting a user into the group) may be free or via moderator. 

Any registered user may insert himself into a group with a free subscription. 

Only the moderator is allowed to add users to a group defined with the option subscription is via moderator 

8.3 Document

The system, as all other WWW systems, operates with so-called multimedia documents. A document is a basic element visualised on user’s screen as indivisible chunk of learning information. 

The documents include explanatory texts, pictures, and animations as well as interactive exercises, self-tests, and brief psychological self-experiments.

Technically, the document itself may be seen as a combination of various media such as text, graphics, scripts, applets and video and audio in digitised form.

8.4 Portal

This is important to note that the system operates with multimedia documents residing on different HTTP servers, prepared by different authors and having different access rights. The concept of hypermedia composites requires an uniform treating of all documents reused as members of such composites. Such documents may be provided with additional navigational facilities (“next”, “prior”, “table of content”, etc.), the search functions refer to composites as to a search scope as opposed to searching a particular server or a server directory), the documents may be annotated, provided with external links visible in a particular context, etc.

In order to “equalise” local WBT-Master documents and external documents residing on another (non WBT-Master !) server, the external documents are localised in WBT-Master as so-called portals.

Technically speaking, portal is a special WBT-Master object containing a reference (i.e. an URL) to an external document. The system verify existence of such external documents and request the external document content dynamically whenever the portal is accessed. After fetching the content, the system treats it exactly in the same way as a local WBT-Master document.

It should be also noted that the portal concept goes beyond a simple referring external documents. Modern HTTP servers normally provide advanced facilities for a dynamic content generation using a variety of techniques (CGI scripts, Server Site Java Scripts, Servlets, XML, etc.). Such servers may be also referred to via the portal concept. Thus, a dynamically generated content may be incorporated into the system in the same way as static content. 

8.5 Learning Unit

Courseware authors experience basically the same problems as other WWW authors. They suffer from lack of metadata and limiting link philosophy. The inadequate authoring support and unsatisfactory reuse of materials result in very well-known figures showing tremendous labour resources needed to produce multimedia courseware. 

Generally speaking, Learning Unit is a special type of Hypermedia Composite. Thus, Learning unit is a collection of documents and other Learning units, all of them are called members (see Section 5). A Learning unit is treated (i.e. accessed, stored, deleted) as one entity.

Consider a WBT system that contains educational material. A set of documents presenting information on a certain topic (say, “X”), can be joined together to form a conceptual group - a Learning Unit "Topic X". The Learning unit in question would contain HTML documents (members) - "title page", "abstract", "referential material", etc. Moreover, it might contain even other Learning units presenting an explanation of other related topics.
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Figure 43: Learning Unit

Additionally, each Learning unit encapsulates a special navigational paradigm, i.e. computer-navigable links between members of the Learning unit. As can be expected of a hypermedia system, whenever a user accesses such Learning unit with an ordinary WEB browser, it is visualised in the form of interrelated HTML pages. 

There is a number of predefined templates (Learning unit types) where users can simply insert existing pages or other Learning units to define sophisticated navigable structures.

The system works with two internal presentation of Learning Units: HM-Data Model S-Collections (see Section 5) and LRN packages (see Section 6).

8.6 Learning Course

Learning Course is a special status of a previously created Learning Unit. If a Learning Unit gets a status of Learning Course, it gets also the following properties:

Learners are provided with additional navigational tools including context-dependent search functions and graphical course structure overview. 
Tutors may control access to the course (courses may be public, restricted and private). Tutors may also administer learners having different rights for the course (some courses may be previewed by anonymous users, registered users may subscribe to the course themselves or via the tutor, etc.).

Statistic and progress tracking information is automatically gathered for each learner subscribed for a particular course, and may be presented to the learner and/or to the tutor in different forms. 

Learners can add and change the material by annotating it for themselves or others: and notes made for others can again be annotated by others. Annotations can also take the form of links, i.e. material can be linked together by learners for their own benefit or the benefit of a whole group. Thus, learners themselves contribute to the course on-the-fly. 
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Figure 44: Working with a Learning Course 

An innovative collaborative environment supports synchronous or asynchronous communication between learners, human tutors and user groups. A structured discussion forum is provided for each course.

8.7 Learning Goal

Learning Goal may be seen as an alternative to a Leaning Course (Section 8.6). The concept of Learning Courses in WBT has a very serious default precondition: learners are basically supposed to get knowledge from courseware which is available anytime and everywhere. Tutors simply monitor and assist the process of knowledge acquisition which is carried out via “mouse-clicking”, i.e. via browsing the courseware material.

There may be, of course, another training scenario where the tutor cannot or does not want to develop a learning course, but he has a number of heterogeneous documents (Textual files, WinWord files, PowerPoint Presentations, Simulations, etc.) which can be used for the training session. Thus, the tutor needs a convenient tool to prescribe a set of so-called Learning Actions leading eventually to a designated Learning Goal without just pointing to a Learning Course.
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Figure 45:  Authoring a Learning Goal

This approach has a number of advantages in comparison with Learning Courses. Thus, Learning Action is much more flexible concept than just reading of information chunks. A particular Learning Action may be seen as a reading session, communication with a tutor or another expert, passing a test, publishing a learner’s own material, solving a training problem, etc.

Another important aspect is the possibility for a tutor to assess Learning Actions carried out by learners at run-time and, thus, to communicate with learners, track their activity and certificate the results.

Technically speaking, Learning Goals are defined by tutors in a form of structured collection of Learning Actions. Actions may be simple or complex. A complex Learning Action is a collection of other Learning Actions. A simple Learning Action is a request to carry out a particular action to move user one step closer to the Learning Goal. A simple Learning Action is accompanied with a number of so-called Learning Resources. A Learning Resource is a WBT-Master object, i.e. course, document, learning unit, discussion forum, brainstorming session, etc. may be seen as a Learning Resource. 

[image: image46.png](2) Read this unit (om 16.06 2000 till 31.12 2099)
Introduction to Databases.
Resources:

™ Learning Unit (allcoursescontentfbank/bank02.cif
[2) Read aiso this document (rom 16.06 2000 1l 31.12 2099)
() Fill out questionnaire (from 16.06 2000 till 31.12 2099)
[&) Publish your example (From 16.06 2000 tll 31.12 2099)




Figure 46:  Authoring a Learning Goal

There may be the following simple Learning Actions: 

Reading - a request to read (i.e. to access) one or more Learning Resources

Questionnaire - a request to fill out one or more Test Questionnaires.

Publication - a request to publish a document presenting the result of some work carried out by the student. 

Each Learning Action may have a particular time slot allocated to it that indicates when the action at issue has to be carried out. In other words, a Learning Goal may be described by a sequence of Learning Actions. 

Each Learning Goal is defined by a short name (just one word without blank spaces) and by a descriptive name (a text defining the Learning Goal itself). 

A Learning Goal is created by a particular user which is supposed to be a tutor for users working with the Learning Goal. The tutor gets additional rights, for example, the tutor may see user statistics, comment on a particular user actions, subscribe users for the Learning Goal, etc. 

Each Learning Goal has one or more user groups associated with it. All members of such associated user groups are considered to be subscribed for the Learning Goal. 

Learning Goals may be public, restricted or private. Any user may access a public Learning Goal and any registered user may subscribe for such a public Learning Goal. Restricted and private Learning Goals are available only for subscribed users. 

8.8 Annotation

An annotation is a document which is created “on-the-fly” by a user working on a certain Course or Learning Goal. An annotation can be attached to a document or to a document fragment in the context of a particular Course or Learning Goal. Thus, if a document or a Learning Unit is reused in different contexts (i.e. in different Courses or Learning Goals), an annotation is visible in one particular context.

Annotations are supposed to solve the following problems:

On-The-Fly customisation of learning material: it is a common practice that a good tutor never uses one and the same set of slides for different user groups. There always exist peculiarities which should be taken into account: for example, particular examples referring to a daily experience of learners are very preferred, latest developments should be taken into account, answers to frequently asked questions may be incorporated into a presentation beforehand etc. While such customisation does not take any particular efforts if a conventional pen and paper technology is used, it may constitute a serious difficulties in a WBT environment.

Communication in a context: when a question is asked or help is required, the working context plays an extremely important role. An answer to the question “Why A is equal to B” depends on a particular document on which user is currently working, on the history of navigation (which topics were explained before and which terms are understandable without an explanation), on the particular user group (some learners perhaps do not need such detailed explanation as others, etc. While such context is always known in a conventional educational environment, providing information on the current user’s context is one of important functions of any WBT communicational component.

Multiple answering/explanation: since one and the same material is accessed by learners at different time, they tend to ask repetitive questions and request repetitive help actions what can lead to a serious additional work load on the tutor. The typical FAQ solution does not work for a simple reason: questions are put in a particular context (say, questions addressed to a particular document in a particular chapter by a member of a particular user group), copying the question and answer into a separated FAQ file might be more misleading than helpful. Note that in conventional learning environment this problem simply does not exists since a particular user group describes a particular topic at a particular time and the question answered once become immediately known to all group members.
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Figure 47: Annotations attached to a document

8.9 Structured Discussion Forum

A Structured Discussion Forum is a collection of Contributions and Threads. Contributions may be seen as multimedia documents since attachments of any type are allowed. A thread, in turn, is a collection of contributions and other threads. Each thread has a so-called Root - a contribution which defines a main topic for all other contributions in the thread. 

A new thread is automatically created whenever a new contribution is written as a follow-up to another contribution which is not a root for an existing thread. A new contribution may be added to the forum as such or to one of existing threads.
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Figure 48: Structured Discussion Forum

Each Discussion Forum provides :

· a sophisticated user notification mechanism (users are automatically informed about latest contributions to the forum),

· access to a list of all registered users working on the server, 

· a possibility to exchange private messages with users working on the same forum. 

· access to the forum specific chat session

The discussion forum is supposed to solve three different problem:

· Asynchronous communication.

· Synchronous communication.

· Collaborative Authoring “On-The-Fly”.

The role of Discussion Forums in providing Asynchronous and Synchronous communication facilities is more or less obvious: it can be seen as a sophisticated news-board accompanied with private message exchange and chat mechanisms. Application of the same mechanism for collaborative authoring is a unique feature of WBT-Master.

Actually, discussion threads and learning units are presented using a common internal format – HM-Data Model *.cif  and LRN files (see Section 5.8). Hence, discussion threads may be visualised as learning units and vice versa.
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Figure 49: Viewing discussion threads as Learning Units

We can easily imagine the following situation:

A tutor intended to present a learning course, creates a new structured discussion forum which is divided into a number of threads corresponding to chapters of the course. The “chapter” threads, in turn, may be split into sections, etc. The tutor can solicit contributions from a large number of field experts including multimedia attachments. In ideal circumstances, such Collaborative Authoring “On-The-Fly” will result in a valuable learning course which can be eventually published on the server.

8.10 Brainstorming Session

Similar to a structured discussion forum, a Brainstorming Session is a structured collection of Contributions.

Contributions may belong to five main classes: 

· A question (i.e. problem) which requires a Brainstorming Session to be solved.

· An idea which should be discussed and validated.

· An argument "Pro". May be attached to an idea or to another argument.

· An argument "Contra". May be attached to an idea or to another argument.

· A comment. May be attached to an idea, argument or to another comment.
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Figure 50: Brainstorming Session
Users may read contributions, open threads to access "Pro" and "Contra" arguments and write new contributions. Ideas and arguments are additionally provided with so-called "Confidence" attributes. This attribute is used to infer a resultant "Ranking" attribute for any idea. Ideas having a positive ranking may be seen as accepted by participants of the session. 

Each Brainstorming Session provides :

· a sophisticated user notification mechanism (users are automatically informed about latest contributions to the session),

· access to a list of all registered users working on the server, 

· a possibility to send a private message to a particular user. 

· access to the session specific chat session

The brainstorming session is supposed to provide more advanced Asynchronous communication facilities and can be also seen as a tool supporting Collaborative Authoring “On-The-Fly”. In this respect, the ranking facilities provide a convenient way of automatic selection “reasonable” contribution which should be finally presented to students.

8.11 Knowledge Card

Finding relevant learning resources in a WBT environment containing very many objects of different types (i.e. many courses, learning units, forums, learning goals, etc.) may constitute a serious problem. Search function often does not help because it analyses document content as opposed to knowledge which can be acquired from the learning resource. Moreover, accessing  learning material should also take into consideration a preferable learning style, preferable tutor, available certification facilities, etc.

[image: image51.emf]
Figure 51: Knowledge Cards 
WBT-Master provides an alternative way of accessing preferable learning resources based on so-called Knowledge Cards. The idea behind this concept is rather simple: knowledge cards allow to define a conceptual view of the server in a form of a collection of knowledge cards.

A Knowledge card is a description of particular concept (i.e. semantic entity). For example, a semantic entity “Database technology” may be seen as a knowledge card. In WBT-Master , knowledge cards may be combined into a semantic network using just one type of relationships: “is a part of” (inverse relationship may be called “consists of”). For example, the knowledge card “Relational Data Model” may be related as “is a part of” to the knowledge card “Database Technology”. 

Thus, a knowledge card is associated with some particular concept (e.g. “Database Technology”), contains information on learning resources for this concept and can be related to other knowledge cards using the semantic relationship “as-a-part-of”. The semantic relationships essentially define a graph structure (as opposed to just a hierarchical one). For example, the same knowledge card “Relational Data Model” may be defined as a part of “Introduction to Oracle”, “Information Systems”, etc. Moreover, there may be Knowledge Cards defining areas of personal interest: say “Personal Knowledge of H. Maurer” which may also refer to the previously mentioned card “Relational Data Model”, etc.

To be more concrete, each Knowledge Card may provide access to a number of associated Learning Resources. For example, a Learning Course “Relational Data Model” may be associated with the Knowledge Card “Relational Data Model”, some other Learning Units, Learning Goals, Discussion Forums, Documents, etc. may be associated with the same Knowledge Card. Moreover, WBT-Master consider users to be Learning Resources (so called “Peer Helpers”) as well, thus, Peer Helpers may be also associated with a Knowledge Card.

Whenever a content provider contribute to the server with new material, he/she is supposed to associate it with one or more Knowledge Cards or create a new Knowledge card and place it into a proper position within the semantic network. Of course, it can be also done by a specially designated member of the server administration team (Knowledge engineer).
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Figure 52: Resources attached to a Knowledge Card
As a starting point, learners are not supposed to browse through countless learning resources. They are supposed in the simplest case to browse the semantic net consisting of previously defined Knowledge Cards. 

We should especially mention the most important property of the semantic network - a possibility to infer Learning Resources using semantic relationships. Whenever a user access a knowledge card, the system infers all Learning Resources which are associated with this particular Knowledge Card and with Knowledge Cards related to this one.  Thus, for example, suppose that there were no resources associated with the knowledge card “Computer Science”, but a number of other card (say, Databases, Programming, etc.) were defined as “is a part of” Computer Science. Accessing the “Computer Science” knowledge card will result in the resources inferred from other related cards.

The situation discussed above, leads us to a number of very important conclusions: 

· Content providers do not need to search for a precise “knowledge card” to associate their resources with. They can simply define their own field of interest (say, “Personal Knowledge of H. Maurer” and associate all their resources with this card automatically). Other users may decide that “Personal Knowledge of H. Maurer” is an important contribution to the “Hypermedia” concept, and create a relationship between these two knowledge cards. Of course,  “Personal Knowledge of H. Maurer” may be further structured as a number of knowledge cards (say, “Maurer & Theory”, “Maurer & Hypermedia”, etc.) which are related “as a part of” to “Personal Knowledge of H. Maurer”.

· Learners do not need to browse the whole semantic net, they might be interested to define a personal knowledge card related to most important such previously defined concepts which are of interest. In this case, whenever a user access such personal knowledge card, all relevant resources will be inferred automatically.

Personal knowledge card may serve as a “customised” entry point to the server resources, the server may also automatically notify the learner about new resources which might be of interest.
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Figure 53: Resources automatically inferred for a Knowledge Card
8.12 Progress tracking, Testing and Certification
A good tutoring practice requires monitoring of a learner’s progress with material and testing of acquired knowledge and skills on regular basis. This activity barely can be formalised, a good tutor knows the learners personally and can always answer the question "How is this particular learner doing?”. Answering the same question in WBT environment may constitute a serious problem.

WBT-Master utilises the following concepts:

Learning resources may be public, restricted and private. Any learning resource can be associated with one or more user groups. Restricted and private learning resources are available only for members of associated user groups. Public and Restricted Learning Resources are listed in corresponding lists of resources. For example, public and restricted Learning Courses are listed in the “All courses on the server” list. Private Learning Resources may be accessed only by a special URL. For example, private Learning Courses may be accessed only by users informed about this course by the course moderator. Note, the term “access” does not mean that users may work with the resource. If user accesses a particular restricted or private resource his right are checked out.

Users may participate in different user groups. Each user group has a so-called moderator, i.e. a user having a special right to insert/remove other users into/from the user group.

Subscription to a user group may be : free, with a moderator permission or via moderator. Users may enrol themselves into groups where subscription is free or with a moderator permission. In later case, users need to know a special group password.

[image: image54.emf]
Figure 54: Accessing a restricted resource
The combination of rights for a resource and subscription restrictions allow to define different enrolment procedures. For example, a restricted course associated with a user group where subscription is free, allows any register user to enrol himself/herself for the course. The course moderator just gets statistic on the current enrolment. In analogy, a restricted course associated with a user group where subscription is via moderator, model a situation where users should preliminary apply for the course subscription and the moderator makes the final decision.

Statistics is gathered only for users enrolled for a particular learning resource. For example, defining a Learning Goal with the attribute “public” and the corresponding user group with the attribute “subscription is with moderator permission, allows any user to preview the materials, but require special password to be enrolled for a final certificate.

8.13 Attached Document

Any document published on the WBT-Master server may be further extended by attaching other documents to the whole basic document or to particular fragments of the basic documents.

It should be especially noted that the mechanism of attaching documents significantly differs from the well-known mechanism of hypermedia inter-linking of documents.

Thus, such attached documents are displayed as integral parts of the basic document and in the context of the basic document (see Figure 55 below).

A typical example of such attached documents may be a presentation where the basic document contains just a list of concepts to be discussed, and each attached document explains the concept in details.

[image: image55.emf]
Figure 55: Viewing an attached document
9 Architecture

To support WWW compatibility, WBT-Master is based on a well-known WWW client-server architecture. 

9.1 WWW client-server architecture

In WWW, the whole system functionality is distributed over a tremendous number of computers which are interconnected by means of the Internet. 

WWW utilises the HTTP (HyperText Transfer Protocol) for client-server communication and the HTML (HyperText Mark-Up Language) as a data exchange format. A particular WWW server can be simply seen as a storage space for HTML documents where all such documents are assessable by means of a so-called Universe Resource Locator (URL).

WWW server accepts HTTP requests and replies with an HTML document. Note that a URL is encapsulated into such HTTP request as a particular document identity. WWW clients just access HTML documents residing on a WWW server and visualise such documents on the user screen. 

Links in WWW are embedded into HTML documents as special TAGs containing an URL of a document which is referred to. WWW clients are able to visualise and activate a hyperlink upon a user's action, thus requesting the linked HTML document to be visualised.

9.2 WBT-Master client-server architecture

Being a fully WWW compatible, WBT-Master considerably extends the standard WWW client-server architecture. 

WBT-Master servers store complex, composite data objects additionally to primitive HTML documents. The data objects are typed, i.e. a data objects always belongs to a particular data class which defines all user’s actions applicable to such data objects. For example, documents, portals, learning units, learning courses, learning goals, etc. (see Section 7) are just data objects residing on WBT-Master server.

The data objects are persistent, i.e. a WBT-Master server can apply a so-called actions which alter a current state of a data object, and results of such actions are available to other users. For example, a new member may be inserted into a learning unit, a new contribution added to forum, etc.

The data objects are reactive, i.e. an object replies to an action with a collection of data which depends on the current state of the data object, and user’s context. For example, “get content” action addressed to a discussion forum, returns a structured collection of contributions made to this forum.

Actions are sent from an Internet client to the WBT-Master using ordinary HTTP protocol. Note that the HTTP requests contain not only the URL of a particular data object but also an action which is to be applied to this data object.  The request is carried out by the WBT-Master server and results in:

· Possible modification of the target object current state;

· Generating a response to the action

The server response is visualised on the WBT-Master client site as a resultant information and all further actions which can be applied to such data object (as opposed to a visualisation of passive HTML documents).

[image: image56.emf]
Figure 56: WBT-Master Client-Server architecture

9.3 WBT-Master technical solutions

Recollect the basic WBT-Master architectural principles:

· Data Objects are persistent, reside on a server and are eligible for actions which may alter the data objects. 

· A particular data object belongs to one of predefined data types which defines properties of the data object and valid actions. 

· A client initiates an HTTP request containing reference to a target data object, an action that need to be applied to it and a number of parameters relevant to this action.

· A server applies the action to a prescribed data object. The action may affect the object’s current state. The response to the action is sent back to the client where it is visualised on the user’s screen.

Obviously, the above mentioned functionality is not supported by standard WWW Servers and Clients. Hence, the functionality of both components (i.e. server and client) must be extended by means of one of modern WWW programming technologies.

On the server side WBT-Master extends a standard WWW server functionality by applying so-called Java Servlet (a Java-enabled Web server). Since Java Servlet are small Java programs running in a context of a Java Servlet Engine, they provide an ideal mechanism for implementing WBT-Master actions. 

Current implementation of the WBT-Master is based on Apache Web Server with the Apache Servlet module enabled and JServ Servlet Engine. However, any server that supports server site Java Applets (i.e. Servlets) can be used as well. An Apache Web Server acts as a repository of data objects. It stores data objects in its file system. A client request including an encapsulated action is interpreted by a Servlet which actually generates a response depending on the current object state. 

The current Servlets implementation assumes that data objects are instances of an abstract Java class. This basic abstract class is defined through its method interface that represents actions that can be applied to data objects. Subclasses of the basic abstract data object class support particular logic of an action applied to a predefined type of a data object.
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Figure 57: WBT-Master Server architecture

This level of abstraction enables dynamical mapping of logical data structures onto a variety of possible physical storage spaces. For example, an ordinary Apache file system may be replaced with a database by implementing a new subclass of the basic abstract class. Moreover, since the Servlets utilise the Java Factory concept it is possible to change the physical data objects format even at the runtime.

Conceptually, an end-user always communicates with a particular instance of data object. Thus, for example, the user may work on a particular Learning course, Learning goal, Forum, etc. 

On the client side, JavaScript functions and signed Java applets are used to:

· visualise all actions applicable to a current data object;

· convert a particularly selected action into an HTTP request;

· visualise the action’s results (i.e. server response) on the user’s screen.

9.4 WBT-Master Graphical User Interface

The Graphical User Interface (GUI) supported on the client side, is unified using a number of so-called Functional Panels. 

Each functional panel provides an interface to a particular data object. Thus, we can speak about “Course” panel, “Forum” panel, “Learning Goal” panel, etc (see Figure 58).

[image: image58.emf]
Figure 58: Functional Panel

Since WBT-Master supports a big variety of actions which can be applied to a single data object, a main functional panel may invoke other functional panels performing actions on the same data object. Thus, for example, there may be a “Course Browser” panel, “Course Administration” panel, “Course Annotation” panel, etc.

10 WBT-Master Functionality 

10.1 Course Functional Panels

In this chapter we describe all course functional panels including Course Selection Panel, Course Navigation Panel and Course Administration Panel. 

10.1.1 Course Selection Panel

Course Selection Panel is the course entry point. It shows the list of all courses residing on the server. It provides the possibility to access similar functional panels that provide lists of other data objects on the server, such as Forum Selection Panel, Brain Storming Session Selection Panel etc. 
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 Figure 59: Course Selection Panel 

Here is the description of the enumerated functional buttons shown in the Figure 59:

 1 - Getting list of all forums 

This button leads to the Forum selection panel.

2 - Getting list of all brain storming sessions

This button leads to the Brainstorming session selection panel.

3 - Getting list of all learning goals
This button leads to the Learning Goal selection panel.

4 - Getting list of all knowledge cards

This button leads to the Knowledge Card subsystem.

5 - Entering Course Administration System

Clicking on this button results in the entering of the course administration system. The Course Administration System allows to create new learning units and courses, publish already created learning units and courses or modify existing learning units and courses. It provides the possibility to import courses from other standard learning exchange formats ( such as Microsoft LRN format ) or to upload materials to the server. Tutors can obtain user statistics by means of the Course Administration System as well.

6 - Opening a Course Navigation Panel

Clicking on a particular course title results in entering the Course Navigation Panel. This panel provides facilities for browsing, searching, getting location feedback, annotating and performing other actions on the selected course.

7 – Communicating with Tutor

Learners can use this button to obtain tutors business card. Tutors business card may include a reference to the tutor's preferable communication tool.

10.1.2 Course Navigation Panel

Course Navigation Panel provides a number of functional buttons to control the flow of navigation in a particular course. This panel invokes other functional panels, such as Course Location Feedback Panel or Course Annotation Panel, which perform additional actions on the same course data object. 
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Figure 60: Course Navigation Panel 

Here is the description of the enumerated functional buttons shown in the Figure 60:

1 - Back to the previous document

This button alters the current user location in a particular course: it gets the user to the previous member of the course data object. If the current user is subscribed his/her current position is always tracked on the server.
2 - Activating the Course Map window
The Course Map window shows an overview of a particular course and its members. The whole course hierarchy is presented to users in the Course Map.

It should be noted that the Course Map provides also an access to an arbitrary position within the course by just clicking on that position.

3 - Jump to the next document

This button leads users to the next member of a particular course.

4 - Getting list of all courses

Activating this button leads users to Course Selection Panel. Course Selection Panel provides a list of all courses on the server.
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Figure 61: Course Map

5 - Back to the table of contents

Applying this action to a particular course results in visualisation of the course entry document. The entry document is a combination of the title and the abstract course page along with a course hierarchy overview. In the hierarchy overview users current location in the course is visualised, thus a location feedback mechanism is provided.
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Figure 62: Course Table of Content

6 - Back to the previous execution step 

This button provides facilities for navigating in a new dimension, namely the time dimension. If the current document is an animation or other time-based document activating this button leads to the execution of the previous animation step. If no step was accomplished yet then the previous course member is visualised.

7 – Open/Close current composite 

These buttons provide an alternative way of browsing using “Zoom In”  and “Zoom Out” operations (see Section 5.2 for more details).

8 - Jump to the next execution step 
This button activates the next execution step of a time-based document. If the document is not time-based or all time-based steps were already accomplished then activating this button leads to visualisation of the next course member.

Just above the navigational tools you will find the title of the current chapter, number of the document within the chapter and information on the user's registration. 

9 - Entering course help system

This button opens the course help system in a new window. The course help system provides a hypermedia description of Course Panels as shown in below.
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Figure 63: Help Window

10 - Getting list of all courses

Activating this button leads users to Course Selection Panel. Course Selection Panel provides a list of all courses on the server.

11 – Subscribe

Learners can use this button to subscribe for the course. Subscribed users get additional rights for the course content.

12 - Getting Study Room functional panel 
This button returns you to the Study Room where a particular course and viewer ( look & feel ) may be selected.
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Figure 64: Selecting “Look and Feel” for a particular course

13 - Getting Course Search functional panel
Users can use this button to search for certain topics within a course. If this button is activated the Course Search Functional Panel will be opened. It provides facilities for a context-dependent full-text search.

14 - Getting Course Annotation functional panel 

This button enables users to add notes to the course content. If users click on this button the Course Annotation Functional Panel will appear. It provides a possibility to write a course specific annotation.

Writing an Annotation :

1. Select a text fragment of the current document (i.e. anchor) where a reference to the annotation should be placed, with your mouse (optionally). Click on the  button and a special "Write an annotation" window appears. 

2. Enter the Title, Abstract and Content (Optionally) in the appropriate fields. 

3. Beneath the Content field, there is a listbox labelled Rights. 

· If Private is chosen, the annotation will only be visible to you. 

· If Public is chosen, all users will be able to see the annotation and reply to it. 

4. The Type allows to identify the contribution to other users using special icons telling whether it is a Remark, a Question, an Answer, an Agreement or a Disagreement. The default selection is Remark. 

5. An attachment is any file you have in your file system or on the Internet (e.g. a document, a movie file, a picture, a sound file etc.). 

· To attach a file residing on your local drive: use the Browse button to locate the file in your file system. 

· To attach a file residing on the Internet: Enter the complete URL to the field (example: http://www.iicm.edu/pictures/pic1.gif) 

6. After you clicked on Save the annotation will be stored on the server.
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Figure 65: Writing an annotation

15 - Entering course specific discussion area
This button enables users to enter the course specific discussion area and write articles pertaining to the course. 

16 - Activating the Course Map window
This button provides an overview of the course structure along with a direct access to individual documents.

10.1.3 Course Administration Panel

Course Administration Panel consists of three administrative groups:

· user administration

· users group administration

· learning units and courses administration
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 Figure 66: Course Administration Panel
Here is the description of the enumerated functional buttons shown in the Figure 66:

1 - Getting Course Selection Panel

Activating this button results in visualising Course Selection Panel.

User and User Group Administration are carried out via the following actions:

2 - Create a new user

[image: image66.png]Create User Profile

Logln Name: Jnick Passwo
Privileges: [Student

First name: [Nick Second name: [Scherbakoy

Affiliation: [ICM TU-Graz

Email: nsherbak@iicm.edu I hidden
Phone: Fax:

Home page: | Picture: [Cicdwbtmastenservers [EifGisan ]

Apply





Figure 67: User Administration Panel

Clicking this button results in activating User Administration Panel. It allows to create a new user account on the server. A number of user attributes, such as first name, second name, affiliation, e-mail and so on, may be specified. Clicking the apply button will create the username on the server along with the specified attributes.

3 - Edit user profile
Clicking this button results in activation the User Administration Panel. Any user specific parameters may be modified.

4 - Create a user group
Clicking the button, a new "User Group Administration" panel appears. The following parameters should be defined: 

· Group short name: just one word without blank spaces 

· Group descriptive name: text defining the group 

· Subscription restrictions: may be 

1. free - any registered user may  subscribe for the group

2. with permission – users may subscribe for the group providing they know a special password

3. via moderator - only moderator may subscribe users for the group

5 - Edit user group

Clicking the button and select one of the User Groups, a new "Modify Parameters of the Group" panel appears. 
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Figure 68: User Group Administration Panel

The following parameters may be modified: 

· Group descriptive name: text defining the group 

· Subscription restrictions: may be 

1. free - any registered user may  subscribe for the group

2. with permission – users may subscribe for the group providing they know a special password

3. via moderator - only moderator may subscribe users for the group

· List of subscribed users:  

1. click on a subscribed user (list Subscribed Users) to unsubscribe, 

2. click on a registered user name ( list All Users ) to subscribe the user for the group.  

Clicking on the apply button will save the modifications. Clicking on the delete button will delete the User Group. 

6 - Subscribe user group

Activating this button will visualise a list of all groups where the subscription is allowed. Users may select a group from the list to subscribe to it.

7 - Author a Learning Unit

This button activates a so-called HM-Linker. HM-Linker is a sophisticated authoring component for creating and editing  Learning Units in HM-Data Model format (see “Working with HM-Linker” below).

8 - Import Course ( LRN )

WBT-Master supports two main data formats for presenting Learning Units – HM-Data Model and Microsoft Learning Resource Interchange ( LRN ). 

After clicking this button authors can browse their local drives or the WBT-Master server for LRN learning units. After choosing one of LRN learning units authors can publish it as a new learning course getting all the features of a standard learning course (see below). 

8 - Export Course ( LRN )

After clicking this button authors can browse their local drives or the WBT-Master server for learning units presented in HM-Data Model format ( *.cif files). After choosing one of such HM-Data Model learning units authors convert it into a valid LRN manifest ( manifest.xml ) to export the courseware content into another WBT environment.

10 - Publish Course
Again, a file browser is presented to authors ( note: authors may browse their local drives or the WBT-Master server ). Authors may choose a learning unit from the file browser and publish it as a learning course. 

A published learning course gets also the following properties:

Learners are provided with additional navigational tools including context-dependent search functions and graphical course structure overview. 
Tutors may control access to the course (courses may be public, restricted and private). Tutors may also administer learners having different rights for the course (some courses may be previewed by anonymous users, registered users may subscribe to the course themselves or via the tutor, etc.).

Statistic and progress tracking information is automatically gathered for each learner subscribed for a particular course, and may be presented to the learner and/or to the tutor in different forms. 

Learners can add and change the material by annotating it for themselves or others: and notes made for others can again be annotated by others. Annotations can also take the form of links, i.e. material can be linked together by learners for their own benefit or the benefit of a whole group. Thus, learners themselves contribute to the course on-the-fly. 

A number of parameters should be provided for each published Learning Course:

· unique short name

· descriptive title 

· access restrictions

A user performing the publish operation is automatically assigned as the course author and the course tutor.

11 - Edit Course
Clicking this button results in visualisation of the list of all published learning courses on the server. Authors can choose a particular learning course to edit it. The following parameters may be modified:

- course descriptive name

- author of the course

- tutor of the course

- the access policy of the course.

Apply button will store the modification and the delete button is used to delete the course from the server. 

Authors may also choose a Learning Unit reused in the course to edit it with the HM-Linker (see “Working with HM-Linker” below) or as a plain text file ( see “Author a Learning Unit” above).
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Figure 69: Editing a Learning Course
12 - Subscribe Course

A list of all courses where the subscription is allowed is presented to users after clicking this button. Users can choose a course to subscribe to it. Subscription for a course provides more sophisticated access features including gathering user statistics, automatic resuming of browsing from the position where it was interrupted, access to restricted components, etc.

13 - Uploading

This button provides an access to a so-called File Uploading Panel. Main purpose of the panel is to upload files and directories from a local drive to the server. 

Additionally, the panel provides a possibility to edit files directly on the server (including editing of Learning Units) and to define so-called portals, i.e. references to documents residing on other HTTP servers. Portals may be treated exactly in the same way as documents physically residing on the server, i.e. portals may be reused within different learning units, annotated, etc.

[image: image69.png]rosoft Internet Explorer

VET) dHaster
i

IGrERERTEWTEEra

IEISarF Local Directory Remote Server

s 1o 00 the-Fiy* Contributions Newportal  New Document
Greataaer Gro ~aank
ESeT G =oizerer =) oumbim Text
e ~Swelcome = E) oot _Text
Stscribe User Grovm 2 foobin

—Sguest ) mastorhtm_Text

nn =CIdernn =
Ailor & Loarmg UAY s~ &) iy Text

=Ohyper ) somaim Text
o Canre (T =Syl

e Catrea (ORI




Figure 70: File Uploading Control Panel

10.2 Working with HM-Linker

Learning Units may be created manually as text files in accordance with the predefined format or by means of a special authoring component called HM-Linker. HM-Linker is based on a so-called HM-Data Model (see Section 5). The HM-Data Model is a logical Hypermedia Data Model. Hence, it is less concerned with  the internals of a page than it is with data structures and operations which can be applied to create, modify and explore (i.e. render) such data structures. 

HM-Linker allows Learning Units to be quickly assembled, given existing materials (i.e. HTML and other WWW compatible documents). 
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Figure 71: HM-Linker 

HM-Linker control panel consists of two main elements:

· Embedded file browser ( a );

· S-Collection template ( b, c, d and e )

The S-Collection template, in turn, consists of a number of cells which control the following attributes of an S-Collection:

 The cell ( b ) which, in turn, is divided into three cells ( c ) define documents or other S-collections which were selected as Label, Head and Members;

· Cell  ( d ) define parameters for a selected S-collection element;

· Cell  ( e ) define global parameters for the current  S-collection  (S-Collection, type, name and location);

Creating a new Learning Unit: 

· click on one of  “New Composite” icons to create a new Learning Unit of the selected type. Once a new learning unit has been created, parameters can be modified, and members can be inserted, modified or removed. 

Selecting a Learning Unit: 

· use the embedded file browser to select one of existing learning units (files with extension *.cif). Once an existing learning unit has been selected, parameters can be modified, and members can be inserted, modified or removed.

Setting global learning unit parameters:

· Type in a desired Composite Name;

· Click on the composite icon in the upper left corner of the cell ( b ) and select a desired combination of ZoomIn and ZoomOut parameters (see Section 5.7);

· Confirm your parameter selection with the “Apply” button;

Adding a new member to the Learning Unit:

· Select a cell where the new member should be placed by clicking on it; If the cell contains previously defined members, click on one of such members to define a position where the new member should be inserted (just before the selected member). If no members were selected, the new member will be inserted as a “last” member of the cell.

· Select a desired member (document or another composite) using the embedded file browser;

· Click on the “+” symbol to add the member, or simply drag & drop it  to a desired position within the composite template.

Removing an existing member from the Learning Unit:

· Click a designated member with right mouse button, a special pop-up menu appears;

· Select “Delete” entry from the pop-up menu.

Setting parameters for an existing member.
· Click a designated member with left mouse button, the member icon will be marked with a red dot and a special parameter form appears in the cell ( d );

· Set a desired combination of  parameters (see Section 5.7);

· Confirm your parameter settings with the “Apply” button;
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Figure 72: Setting member parameters with HM-Linker
10.3 Forum Functional Panels

In this chapter we describe all forum functional panels including Forum Selection Panel, Forum Control Panel and Forum Administration Panel.

10.3.1 Forum Selection Panel

Forum Selection Panel is the entry point for forums residing on WBT-Master server. It visualises the list of all forums that can be accessed on the server. It also provides a possibility to access similar entry points for other data objects residing on the server, i.e. it is possible to access Course Selection Panel, Brain Storming Session Selection Panel, Learning Goal Selection Panel or Knowledge Card Selection Panel.
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Figure 73: Forum Selection Panel
Here is the description of the enumerated functional buttons shown in the Figure 73:

1 - Getting list of all courses

Clicking on this button results in appearance of the list of all courses on the server, i.e. Course Selection Panel is visualised.

2 - Getting list of all brainstorming sessions
Clicking on this button results in appearance of the list of all brainstorming sessions on the server, i.e. Brainstorming Session Selection Panel is visualised 

3 - Getting list of all learning goals
This button opens Learning Goal Selection Panel;

4 - Activating Knowledge Card Control System

The Knowledge Card Selection Panel is opened upon activation of this button. Users can choose a knowledge card from the list.

5 - Entering Forum Administration System
The Forum Administration System provides a full control on existing forums: thus, allows a new forum can be created , parameters of existing forums can be modified, even content of existing forums may be edited and exported as Learning Units.

6 - Opening Forum Control Panel

The Forum Control Panel allows to work with a particular forum: to browse through the current content, to read , write and modify contributions. This panel provides also a possibility to search the forum.

10.3.2 Forum Control Panel 

The Forum Control Panel allows users to read, write and modify contributions, 

open threads to access other contributions and write new contributions. It is also possible to get a list of all users who are currently online. From the online users list you may send messages to other users or start a chat session with other users.
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 Figure 74: Forum Control Panel
1 - Getting list of all forums on the server 

Clicking on this button a list of all forums on the server appears, i.e., Forum Selection Panel is visualised.

2 - Entering forum help system

This button opens the forum help system in a new window as shown below.
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Figure 75: Forum Help Panel 

3 - Searching forum

Clicking on this button a special "Search Forum" window appears. Users can define a search scope by selecting: title, abstract, content and/or author. After selecting the scope a search criteria should be typed in. The results of the search are presented in the same window after clicking the “Go” button. It should be noted that any contribution found by means of the Forum Search function, may be accessed kust by clicking on the contribution title in the “Search” window.
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Figure 76: Forum Search Panel 

4 - Adjusting User View
Clicking on this button allows users to change the visualisation parameters of the forum. A new "Modify Viewer Profile " panel appears. 
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Figure 77: Adjusting User View
The following parameters may be modified: 

Mark as "New": defines an algorithm used by the system to identify "new" messages. Possible values are Messages posted within x days or Messages posted since my latest login. 

Display the Forum: defines an algorithm used to visualise the forum structure ( contributions and their position within the forum and threads ). 

Email notification: users subscribed for the email notification, get an Email message on each new contribution to the forum. 

5 - Forum Administration System

This button invokes Forum Administration System.

6 - Getting a list of online users

Clicking on this button visualises a list of users which are currently online. The list provides possibility to communicate with other users. It is possible to send an online message to another user or to start a chat session with other users.
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Figure 78: Online users and synchronous communication facilities
7 - Reading a contribution

To read a contribution users should click on it's title ( the abstract is visualised as a prompt message whenever a cursor is over the contribution icon ). The selected contribution is visualised and becomes a current contribution ( corresponding icon is highlighted with a red dot ). If the current contribution is a thread member then the thread becomes a current thread (see figure “Forum Control Panel” above). 

8 - Contributing to forum

Clicking on this button results in opening of a special "Write a contribution" window. 

Users may specify the title, abstract and content (optionally) of the new contribution in the appropriate fields. 
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Figure 79: Writing a contribution to the forum
Beneath the content field, there is a list box labelled Rights. Users can choose between public or private. If private is chosen, the contribution will only be visible to the user him/herself. Otherwise, if public is chosen, all users will be able to see the contribution and reply to it. 

The type of the new contribution can also be specified. it allows to identify the contribution to other users using special icons telling whether it is a remark, a question, an answer, an agreement or a disagreement. The default selection is remark. 

Users can attach any file in their file system or on the Internet to their contributions. It can be a document, a movie file, a picture, a sound clip etc. To attach a file residing on users local drive users use the Browse button to locate the file in their file system.  

In order to attach a file residing on the Internet users should enter the complete URL to the field (Example: http://www.iicm.edu/pictures/pic2.gif ).

An expiration date may be optionally defined using the corresponding fields. The contribution will be automatically deleted after this date.

After clicking on Save the contribution will be stored on the server. The new contribution will be placed as a "last" contribution to the forum. 

9 - Contributing to thread

Contributing to a thread is in principles the same as contributing to the forum ( see above). The only difference is that the new contribution will be placed as the "last" contribution to the current thread.

10 - Writing a follow up contribution

In order to write a follow up contribution the same "Write a contribution" window is used. The important difference between writing a follow up contribution and contributing to thread or to forum is that the follow up contribution may be attached to a particular word or sentence within the root contribution. To achieve this effect, simply select a text fragment with your mouse before activating the “Write a follow up contribution” button.

The new follow-up contribution will be placed as "last" contribution in the current thread if the current contribution was the root of the current thread. Otherwise, a new thread will be automatically created.
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Figure 80: Attaching a follow-up contribution to a text fragment
11 - Editing an existing contribution
Clicking on this button opens a special "Modify a contribution" window. Users can edit any of the fields. After the modification clicking on Save will apply the changes to the contribution. Clicking on Delete will delete the contribution from the server. If the deleted contribution is a root for an existing thread, it is replaced with the first “threaded” contribution.

10.3.3 Forum Administration Panel

The Forum Administration System allows users to create new forums and to modify  parameters and content of existing forums. 
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Figure 81: Forum Administration Panel
Forum Administration Panel consists of three different administrative groups: user administration (2, 3), user group administration (3,4,5) and forum administration (7, 8, 9).

Since User and Users Group administration functions were already presented (see Section 8.1 “Course Administration Panel ”). We will discuss only the Forum Administration Functions:

7 - Creating a forum
Clicking this button activates a new "Provide Parameters of the Forum" panel.  Before creating a new forum the following parameters should be defined: 

· Forum short name: just one word without blank spaces 

· Forum descriptive name: text defining a main discussion topic 

· Forum access restrictions: may be 

· public - any registered user may contribute to such public forum 

· restricted - content is available only for subscribed users, forum is available in “Course Selection Panel”.

· private - content is available only for subscribed users, forum is available only by a special URL.

After providing these parameters and clicking on the apply button a new forum with the specified parameters is created on the server.

8 - Editing parameters of an existing forum

Clicking this button provides a list of all forums residing on the server. Users can select one of the forums and a new "Modify Parameters of the Forum" panel appears. 
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Figure 82: “Modify Parameters of the Forum"  Panel
The following parameters may be modified: 

· Forum descriptive name: text defining a main discussion topic 

· Moderator: a user having special rights for the forum content

· Forum access restrictions: may be 

· public - any registered user may contribute to such public forum 

· restricted - content is available only for subscribed users, forum is available in “Course Selection Panel”.

· private - content is available only for subscribed users, forum is available only by a special URL.

 List of associated user groups (restricted and private forums): all users participating in these groups are considered to be subscribed for the forum. 

Apply button will save any changes made and the delete button can be used in order to delete the forum from the server.
9 - Editing structure of an existing forum

Clicking this button activates "Forum Restructuring Panel" panel.
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Figure 83: “Forum Restructuring"  Panel

The Forum Restructuring Panel allows to Import, Delete, Copy and Move threads between Existing Forums. 

The system works with two windows: so-called "Source Forum" and "Target Forum" windows. The window displays one particular thread of the selected forum. A new thread may be opened by clicking on the  symbol "Open thread". A certain thread or contribution may be selected as a current one by clicking on the title. The current thread (contribution) is indicated by a red dot . 

To delete the current thread from a source forum click on the "Delete Thread" button (7). 

To copy the current thread to a target forum click on the “Copy Thread” button (5). The thread will be copied before a current thread (contribution) of a selected target forum. If no target position is set up, the thread will be copied as a last one. 

To move the current thread to a target forum click on the “Move Thread” button (6). The thread will be moved to a position just before a current thread (contribution) of the target forum. If no target position is set up, the thread will be moved as a last one. 

Note that the system does not display a forum as a tree. Only one "opened" thread is displayed as a list of other threads and contributions. Thus, the buttons  “Refresh Source” (2) and  “Refresh Target” (3)  are used to return back to a root list of threads. 

The button  “All Forums” (1) allows to select new source and target forums.

10.4 Brainstorming Session Functional Panels

10.4.1 Brainstorming Session Selection Panel

Brainstorming Session Selection Panel is the entry point for Brainstorming sessions residing on WBT-Master server. It gets a list of all Brainstorming sessions that can be accessed on the server. Users can access entry points (Selection Panels) to other data objects, such as Courses or Forums, which are available on the particular WBT-Master server.
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Figure 84: Brainstorming Session Selection Panel

Here is the description of the enumerated functional buttons shown in the Figure 84:

1 - Getting list of all courses
Clicking on this button results in a list of all courses on the server, i.e. Course Selection Panel is visualised.

2 - Getting list of all forums

This button provides an access to all forums on the server. 

3 - Getting list of all learning goals
This button opens Learning Goal Selection Panel where a particular learning goal may be selected.

4 - Getting list of all knowledge cards
The button provides an access to Knowledge Card Selection Panel.

5 - Entering Brainstorming Session Administration System
The Brainstorming Session Administration System allows to create new Brainstorming sessions and to modify parameters of existing sessions. 

6 - Opening Brainstorming Session Control Panel

Brainstorming Session Control Panel allows users to navigate through a particular Brainstorming session. Users may read contributions, open threads to access "Pro" and "Contra" arguments and write new contributions.  

7 – Getting information on moderator

The button provides an information (i.e. business card) on a particular session moderator. 

10.4.2 Brainstorming Session Control Panel

Brainstorming Session Control Panel provides facilities to operate on a session content: i.e. read contributions, open/close threads and write new contributions. Contributions may be classified as “Problems”, “Ideas” , “Comments” , “Pro Arguments” and “Contra Arguments”.  “Ideas” and “Arguments” are additionally provided with so-called "Confidence" attributes. This attribute is used to infer a resultant "Ranking" attribute for any idea (13). Ideas having a positive ranking may be seen as accepted by participants of the session.
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Figure 85: Brainstorming Session Control  Panel

Here is the description of the enumerated functional buttons shown in the Figure 84:

1 - Getting list of all Brainstorming sessions on the server 

Clicking on this button provides a list of all Brainstorming sessions on the server, i.e. Brainstorming Session Selection Panel is visualised.

2 - Entering Brainstorming session help system

This button opens the Brainstorming help system in a new window. The Brainstorming session help system is a hypermedia presentation of the functionality of the Brainstorming Session Control Panel.

3 - Invoking Brainstorming Session Administration System

Clicking on this button results in entering Brainstorming Session Administration System.

4 – Getting a list of online users
This button visualises a list of users which are currently online. The list provides possibility to communicate with other users. It is possible to send personal messages to other users, or to start a chat session with other users.

5 - Reading a contribution
To read a contribution, users should click on it's title ( note the abstract is visualised as a prompt message whenever a cursor is over the contribution icon ). The contribution is visualised and becomes a current contribution ( corresponding icon is highlighted with a red dot ). 

6 - Contributing with a new idea

Clicking on this button results in activation of a special "Write a contribution" window. Author is supposed to specify the title, abstract and content (optionally) in the appropriate fields. 

Content may be written as a text typed in a special field. An already existing HTML file may be used as a content as well. To reuse a file residing on local drive as a contribution content, the author should use a special Browse button to locate the file. 

A multimedia attachment can be added to the contribution. A multimedia attachment is a file residing on a local file system or on the Internet (e.g. textual document, movie, picture, sound, etc.). Again, to reuse a file residing on local drive, the author should use a special Browse button to locate the file. In order to attach a file residing on the Internet: a complete URL should be entered into the field (example: http://www.iicm.edu/pictures/pic2.gif ). 

To finalise  the definition of an idea, the author should also select a desired value for the "confidence" field. Upon clicking on the Save button the contribution is stored on the server. 

If no contributions of type “Problem” were selected beforehand, the contribution will placed as a "last" contribution to the session. Otherwise, it will be placed as a "last" idea to solve the problem.
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Figure 86: Writing of a new “Pro Argument” (HTML content)

7 - Contributing with a question ( problem )

Clicking on this button results in activation of a special "Write a contribution" window. The process of defining a question (problem) is the same as the process of definition of idea. 

The only difference is that  there is no "Confidence" field. The contribution will be placed as a "last" contribution to the session.

8 - Writing a "Pro  argument”
Generally, “Pro Arguments”, “Contra Arguments” and “Comments” can be attached to a particular contribution in a whole or to a textual fragment of the contribution. To attach the “Pro Argument” to a particular contribution, make it should be made a current contribution by clicking on it’s title. To attach the “Pro Argument” to a particular textual fragment, the fragment should be selected with a mouse. 

Clicking on the button (8) results in activation of a special "Write a contribution" window. 

The process of writing a contribution of this type is similar to writing an “idea”, i.e., the author is expected to type a title, abstract and content (optionally) in special fields. An existing HTML file can be used as the content as well. Multimedia objects may be added to such contributions as attachments. The "confidence" field is added to the "Ranking" attribute of the contributions to which the “Pro Argument” is attached. 

The contribution is placed as a "last" argument to the list of all arguments attached to the current contribution of type “Idea”, “Pro Argument ” or “Contra Argument”.
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Figure 87: Visualisation of a new “Pro” argument (HTML content)

9 - Writing a "Contra" argument

Clicking on this button activates a special "Write an argument Contra" window. Writing a "Contra Argument" is identical to writing a "Pro Argument” (see above). 

The "confidence" field is subtracted from the "Ranking" attribute of the contributions to which the “Pro Argument” is attached. 

The contribution is placed as a "last" argument to the list of all arguments attached to the current contribution of type “Idea”, “Pro Argument ” or “Contra Argument”. 

10 - Writing a comment

Clicking on this button activates a special "Write a Comment" window. Writing a "Comment" is identical to writing a "Pro Argument” (see above). The "confidence" field is not applicable. 

11 - Editing an existing contribution

This button invokes a special "Modify a contribution" window. Any of previously defined fields may be modified by means of this function.

12 – Getting information on the contribution’s author

The button provides an information (i.e. business card) on the particular contribution’s author. 

10.4.3 Brainstorming Session Administration Panel

The Brainstorming Session Administration System allows to create new Brainstorming sessions and to modify parameters of existing ones. Brainstorming Session Administration Panel consists of three different administrative groups:

· User administration

· User Group administration

· Brainstorming session administration
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Figure 88: Session Administration Panel
User administration and User Group administration perform tasks identical to the functions of Course Administration Panel described above (see section 9.1.3). Thus, we concentrate here on functions peculiar for the Brainstorming Session Administration Panel.

Here is the description of the enumerated functional buttons shown in the Figure 88:

1 - Getting Brainstorming Session Selection Panel
Clicking on this button leads users to the list of all Brainstorming sessions residing on the server.

2 - Entering Brainstorming Session Administration System Help

Opens a new window containing a hypermedia description of the Brainstorming  Session Administration Panel Help.

3, 4, 5, 6, 7 - User and Users Group Administration
This buttons have the same functionality as the corresponding buttons in Course Administration Panel  (see section 9.1.3).

8 - Creating a Brainstorming session

This button invokes a new "Provide Parameters of the Brainstorming Session" panel. The following parameters should be defined: 

· Brainstorming Session short name: just one word without blank spaces 

· Brainstorming Session descriptive name: text defining a main discussion topic 

· Brainstorming Session access restrictions:  may be 

1. public - any registered user may contribute to such public Brainstorming session;

2. restricted - content is available only for subscribed users, the session is accessible in the list of all Brainstorming sessions on the server;

3. private - content is available only for subscribed users, the session is accessible exclusively by means of a special URL.

· Task of the session: a more detailed text defining a main session topic (optional). 

After providing these parameters and clicking on the apply button, a new Brainstorming session is created on the server.
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Figure 89: Session Modification  Panel

9 - Editing an existing Brainstorming session.

This button provides a possibility to select an existing Brainstorming session for editing by means of a special "Modify Parameters of the Brainstorming Session" panel. 

The following parameters may be modified: 

·  Brainstorming Session descriptive name: text defining a main discussion topic 

· Brainstorming Session access restrictions:  may be 

4. public - any registered user may contribute to such public Brainstorming session;

5. restricted - content is available only for subscribed users, the session is accessible from the list of all Brainstorming sessions on the server;

6. private - content is available only for subscribed users, the session is accessible exclusively by means of a special URL.

· Task of the session: a more detailed text defining a main session topic (optional). 

· List of associated user groups: a more detailed text defining a main session topic (optional). 

The “Apply” button saves the modifications, the “Delete” button is used to delete the whole Brainstorming session from the server.

10.5 Learning Goal Functional Panels

In this chapter we describe all Learning Goal functional panels including Learning Goal Selection Panel, Learning Goal Control Panel, Learning Goal Administration Panel and Learning Action Administration Panel.

10.5.1 Learning Goal Selection Panel

Learning Goal Selection Panel is a list of all learning goals available on the particular WBT-Master server. A particular Learning Goal may be selected from the list to work through the predefined Learning Actions. 
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Figure 90: Learning Goal Selection Panel
Here is the description of the enumerated functional buttons shown in the Figure 90:

1 - Getting list of all courses

Clicking on this button results in visualisation of Course Selection Panel.

2 - Getting list of all forums

The button invokes a Forum Selection Panel.

3 - Getting list of all Brainstorming sessions

Clicking on this button results in visualisation of Brainstorming Selection Panel.

4 - Getting list of all Knowledge Cards
Knowledge Card Selection Panel is activated upon clicking on this button.

5 - Opening Learning Goal Control Panel

Learning Goal Control Panel allows users to work through a particular set of Learning Actions (i.e. through a Learning Goal). 

6 - Entering Learning Goal Administration System

The Learning Goal Administration System allows to create new Learning Goals and modify parameters of existing Learning Goals. 

10.5.2 Learning Goal Control Panel 

Recollect that a Learning Goal is a collection of so-called Learning Actions. Each learning action may be restricted with a particular time slot, thus a Learning Goal may be seen as a schedule of learning actions. The Learning Goal Control Panel allows users to work through learning actions.

Users may open Learning Actions to access recommended learning resources and perform the prescribed actions. If a particular user is subscribed for the Learning Goal, results of all actions are recorded and may be seen by the user himself and by the Learning Goal moderator. 
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Figure 91: Learning Goal Control  Panel
Here is the description of the enumerated functional buttons shown in the Figure 91.:

1 - Getting list of all Learning Goals on the server 

This button activates the Learning Goal Selection Panel.

2 - Accessing a forum

This button provides an access to the Learning Goal specific discussion forum. Topics specific to this particular Learning Goal may be discussed in this forum.

3 - Contacting a tutor

Clicking on this button results in popping up a window presenting the tutor’s business card extended with preferable way of synchronous communication to the tutor.

4 - Viewing team contributions
Recollect, some learning actions may require a publication of a user’s work on the server. The button invokes a special component of the system which provides an access to special area where contributions of all users are available. The contributions are presented in the form of Learning Unit.
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Figure 92: Viewing Contributions published by users
5 - Viewing user statistics

The button provides user specific statistics on different aspects of the user’s work with Learning Actions.
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Figure 93: Viewing a user statistics
6 - Working with a particular Learning Action

A particular Learning Action may be selected by clicking on its title. The system provides access to the Learning Action description and to all Learning Resources defined for this Learning Action. The user is supposed to carry out the Learning Action by means of the Learning Resources available from the system.
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Figure 94: Working through a Learning Action
10.5.3 Learning Goal Administration Panel

The Learning Goal Administration System allows to create new Learning Goals and to modify parameters of existing ones. Learning Goal Administration Panel consists of three different administrative groups:

· User administration

· User Group administration

· Learning Goal administration

User administration and User Group administration perform tasks identical to the functions of Course Administration Panel described above (see section 9.1.3). Thus, we concentrate here on functions peculiar for the Learning Goal Administration Panel.
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Figure 95: Learning Goal Administration  Panel

Here is the description of the enumerated functional buttons shown in the Figure 95:

1 - Getting Learning Goal Selection Panel
Clicking on this button leads users to the list of all Learning Goals residing on the server.

2 - Entering Learning Goal Administration System Help

Opens a new window containing a hypermedia description of the Learning Goal Administration Panel Help.

3, 4, 5, 6, 7 - User and Users Group Administration
This buttons have the same functionality as the corresponding buttons in Course Administration Panel  (see section 9.1.3).

8 - Creating a Learning Goal

This button invokes a new "Provide Parameters of Learning Goal" panel. The following parameters should be defined: 

· Learning Goal short name: just one word without blank spaces 

· Learning Goal descriptive name: text defining a main discussion topic 

· Learning Goal access restrictions:  may be 

7. public - any registered user may preview Learning Actions;

8. restricted – Learning Actions are available only for subscribed users, the Learning Goal is accessible from the list of all Learning Goals on the server;

9. private – Learning Actions are available only for subscribed users, the Learning Goal is accessible exclusively by means of a special URL.

· Learning Goal definition: a more detailed text defining the Learning Goal (optional). 

After providing these parameters and clicking on the apply button, a new Learning Goal is created on the server.
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Figure 96: Learning Goal Parameters

9 – Modify Learning Goal
This button invokes a list of all existing Learning Goals where a particular Learning Goal may be selected and edited by means of  a new "Modify Parameters of the Learning Goal" panel. 

· Learning Goal short name: just one word without blank spaces 

· Learning Goal descriptive name: text defining a main discussion topic 

· Tutor: a user having special rights for the Learning Goal

· Learning Goal access restrictions:  may be 

1. public - any registered user may preview Learning Actions;

2. restricted – Learning Actions are available only for subscribed users, the Learning Goal is accessible from the list of all Learning Goals on the server;

3. private – Learning Actions are available only for subscribed users, the Learning Goal is accessible exclusively by means of a special URL.

· Learning Goal definition: a more detailed text defining the Learning Goal (optional). 

· List of associated user groups: only for restricted and private Learning Goals

The Apply button stores the modifications on the server and the Delete button deletes the learning goal from the server.

10 - Entering Learning Action Administration Panel
Clicking this button results in visualisation of a list of all learning goals on the server. A particular Learning Goal is selected  to activate the Learning Action Administration Panel. 

10.5.4 Learning Action Administration Panel

Learning Action Administration Panel allows to insert new learning actions or to modify already existing learning actions in a learning goal. 
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 Figure 97: Learning Action Administration Pane 

Here is the description of the enumerated functional buttons shown in the Figure 97.:

1 - Entering Learning Goal Administration System

This button brings users back to the Learning Goal Administration System.

2 - Entering Learning Action Administration System Help

This button activates the help function.

3 - Adding a new learning action to the selected learning goal

This button activates a new "Provide Parameters of the Learning Action" panel. The following parameters should be defined: 

· Learning Action title: text defining the Learning Action itself. 

· Learning Action type: there are following types of learning actions: 

1. Reading - learners to read (work through) the material which are attached as resources to this action; 

2. Questionnaire  - learners are expected to fill out one or more questionnaire which are attached as resources to this action; 

3. Publication  - learners are expected to publish one or more documents which can be evaluated by the tutor. The publications may be also previewed and discussed by other learners working on the same Learning Goal .

4. Discussion  - learners are expected to participate in a special discussion thread or a special brainstorming session .

One of these types may be selected from the list box.

· Open date:  the Learning Action is accessible only after this date.

· Close date: :  the Learning Action is accessible only after this date.

After clicking on the Apply button the learning action is added to the Learning Goal.
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Figure 98: Session Modification  Panel

4 – Defining a Composite Learning Action

The system supports also so-called Composite Learning Actions, i.e. Learning Actions consisting of other Learning Actions. This button invokes the previously discussed "Provide Parameters of the Learning Action" panel. The only  difference is that the newly created action will be added to the selected Learning Action, but not to the learning goal itself.

5 - Modifying learning action

Clicking on this button results in opening a new "Modify Parameters of the Learning Action" panel. The following parameters may be modified: 

· Learning Action title: text defining the Learning Action itself. 

· Learning Action type:  may be Reading, Questionnaire, Publication or Discussion.

· Open date:  the Learning Action is accessible only after this date.

· Close date:  the Learning Action is accessible only after this date.

Apply button stores the modifications on the server and the delete button deletes the learning goal from the server.

6 - Adding a new learning resource

Click on this button opens a file browser (B) below the selected Learning Action (A). Users may browse their local drives or WBT-Master server in order to find an appropriate learning resource (C) for the particular learning action.
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Figure 99: Adding a new Learning Resource

10.6 Knowledge Card Functional Panels

In this chapter we describe all Knowledge Card functional panels including Knowledge Card Control Panel and Knowledge Card Administration panel.

10.6.1 Knowledge Card Control Panel

The Knowledge Card Control Panel can be seen as a main entry point to the system for users looking for Learning Resources. 

A particular knowledge card may be selected by clicking on its title. Such selected Knowledge Card becomes a so-called current card (3). Resources associated with a current card (3) may be requested by clicking on the “Get Know Card” icon (4). The Knowledge Card (5) provides a convenient way of accessing the learning resources by clicking on its title.

Here is the description of the enumerated functional buttons shown in the Figure 100.

1 - Getting list of all courses

This button activates the list of all courses on the server, i.e. Course Selection Panel is visualised.

2 - Entering Knowledge Card Administration System

The Knowledge Card Administration System allows to create new Knowledge Cards and to modify parameters of existing Knowledge Cards. 
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Figure 100: Knowledge Card Control  Panel

3 - Accessing Knowledge Cards related as “is-a-part-of” to the current one.
If a Knowledge Card is visualised as a “folder” ([image: image100.bmp]), then a number of other Knowledge Cards refer to this one as “is-a-part-of”. Clicking on the “folder” symbol provides access to such referencing cards where the process may be repeated. 

4 - Visualising the Knowledge Card.

Resources associated with a Current Card (3) are requested by clicking on the “Get Know Card” icon. All the resources associated with the current card are inferred after this explicit request.

10.6.2 Knowledge Card Administration Panel

The Knowledge Card Administration System allows to create new Knowledge Cards and to modify attributes of existing Knowledge Cards. 
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Figure 101: Knowledge Card Administration Panel

Here is the description of the enumerated functional buttons shown in the Figure 101.

1,2 - Getting Knowledge Card Control Panel

Clicking on this button leads users back to the Knowledge Card Control Panel.

3 - Entering Knowledge Card Administration System Help
Opens a new window containing a hypermedia description of the Knowledge Card Administration System.

4, 5 - Creating a new Knowledge Card 

The button provides a new input form for defining attributes of a Knowledge Card. The following parameters should be defined:

· Knowledge Card Title: text defining the Knowledge Card itself. 

· Concept Definition:  text defining the concept which is supposed to be presented by resources associated with the Knowledge Card.

The Apply button stores the new Knowledge Card on the server.

The newly created Knowledge Card can be related as “is-a-part-of” to a Current Card (5) or to the same concept as the Current Card (4). In other words, the new Knowledge Card can be inserted on the same level as the Current Card (4) or to the list of Knowledge Cards defining sub-concepts for the Current Card (5).

If no Current Card was previously selected, the new Knowledge Card is not related to existing Knowledge Cards, i.e. it is inserted on the first level.
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Figure 102: Defining a new Knowledge Card

6 – Modification of an existing Knowledge Card

Attributes of a Current Card (7) may be modified by means of this button.

8 -  Adding a new learning resource
When a Current Card is selected, it is visualised with a list of resources attached to this particular Knowledge Card. A resource may be deleted from the list of resources by clicking the “Delete” icon. To add a new resource to the list, one of the buttons below (“Add Course”, “Add Goal”, “Add Forum”,  “Add File”,  “Add Peer Helper” or “Add Portal”) should be used.

Clicking on one of this buttons results in opening a resource browser which allows to select a particular learning resource available from the server. The selected resource is automatically added to the list of resources attached to the Current Card. 
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Figure 103: Adding a Learning Resource

10.7 Attaching a Document

To attach an extension to a particular textual fragment, the fragment should be selected with a mouse. 

Clicking on the “Extend Document” button results in activation of a special "Write an extension" window. 
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Figure 104: Attaching a document

· To attach a new, original explanation , simply type in the text (including the HTML Mark-Up) into the special input area;

· To attach a file residing on your local drive: use the Browse button to locate the file in your file system. 

· To attach a file residing on the Internet: Enter the complete URL to the field (example: http://www.iicm.edu/pictures/myDoc.htm) 

11 Implementing WBT-Master Generic Scenarios 

In the following, the WBT-Master generic scenarios are mapped onto WBT-Master tools.

11.1 Scheduled training sessions

Process:
WBT-Master Concept:

Accessing courseware (Learner)
Learning Course (Section 8.6)

Contributing on-the-fly (Learner & Tutor)
Annotation (Section 8.8)

Question in a context (Learner)
Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Asynchronous Communication with other members of the Learning Group (Learner &Tutor):
User (Section 8.1), User Group (Section 8.2), Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Synchronous Communication with other members of the Learning Group (Learner &Tutor)
User (Section 8.1), User Group (Section 8.2), Context-dependent Chats (Section 8.9)

Customising courseware (tutor):
Learning Unit (Section 8.5)

Extending courseware (tutor)
Attached Document (Section 8.13)

Monitoring learners' progress (tutor)
User (Section 8.1), Progress tracking, Testing and Certification (Section 8.12)

Answering questions in a context (tutor)
Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Creating and maintaining learning units (Author)
Document (Section 8.3), Portal (Section 8.4), Learning Unit  (Section 8.5), Learning Course  (Section 8.6)

11.2 Training on a corporation’s demand (courseware based approach)

Process:
WBT-Master Concept:

Accessing courseware (Learner)
Learning Course (Section 8.6)

Contributing on-the-fly (Learner & Tutor)
Annotation (Section 8.8)

Question in a context (Learner)
Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Asynchronous Communication with other members of the Learning Group (Learner &Tutor):
User (Section 8.1), User Group (Section 8.2), Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Synchronous Communication with other members of the Learning Group (Learner &Tutor)
User (Section 8.1), User Group (Section 8.2), Context-dependent Chats (Section 8.9)

Customising courseware (tutor):
Learning Unit (Section 8.5)

Extending courseware (tutor)
Attached Document (Section 8.13)

Monitoring learners' progress (tutor)
User (Section 8.1), Progress tracking, Testing and Certification (Section 8.12)

Answering questions in a context (tutor)
Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Creating and maintaining learning units (Author)
Document (Section 8.3), Portal (Section 8.4), Learning Unit  (Section 8.5), Learning Course  (Section 8.6)

11.3 Training on a corporation’s demand (document based approach)

Process:
WBT-Master Concept:

Accessing document in accordance with the training schedule (Learner)
Learning Goal (Section 8.7)

Contributing on-the-fly (Learner & Tutor)
Annotation (Section 8.8) & Learning Goal (Section 8.7)

Question in a context (Learner)
Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Asynchronous Communication with other members of the Learning Group (Learner &Tutor):
User (Section 8.1), User Group (Section 8.2), Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Synchronous Communication with other members of the Learning Group (Learner &Tutor)
User (Section 8.1), User Group (Section 8.2), Context-dependent Chats (Section 8.9)

Customising training schedule (tutor)
Learning Goal (Section 8.7)

Extending original documents (tutor)
Attached Document (Section 8.13)

Monitoring learners' progress (tutor)
User (Section 8.1), Progress tracking, Testing and Certification (Section 8.12), Learning Goal (Section 8.7)

Answering questions in a context (tutor)
Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

11.4 Training on a personal demand.

Process:
WBT-Master Concept:

Accessing best-match learning resources (Learner)
Knowledge Card (Section 8.11)

Contributing on-the-fly (Learner)
Annotation (Section 8.8) 

Subscribing for an existing Learning Group (Learner)
User Group (Section 8.2)

Question in a context (Learner)
Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Asynchronous Communication with other members of the Learning Group (Learner):
User (Section 8.1), User Group (Section 8.2), Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Synchronous Communication with other members of the Learning Group (Learner)
User (Section 8.1), User Group (Section 8.2), Context-dependent Chats (Section 8.9)

11.5 Problem solving (document based approach).

Process:
WBT-Master Concept:

Accessing best-match learning resources (Learner)
Knowledge Card (Section 8.11)

Contributing on-the-fly (Learner)
Annotation (Section 8.8) 

Subscribing for an existing Learning Group (Learner)
User Group (Section 8.2)

Question in a context (Learner)
Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Asynchronous Communication with other members of the Learning Group (Learner):
User (Section 8.1), User Group (Section 8.2), Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Synchronous Communication with other members of the Learning Group (Learner)
User (Section 8.1), User Group (Section 8.2), Context-dependent Chats (Section 8.9)

11.6 Problem solving (brainstorming approach).

Process:
WBT-Master Concept:

Initiating a new Brainstorming session (Learner)
Brainstorming Session (Section 8.10)

Contributing to the problem solution (Learner & Subject Expert)
Brainstorming Session (Section 8.10)

Extending a Contribution
Attached Document (Section 8.13), Annotation (Section 8.8) 

Selection of contributions for more detailed discussion (Learner)
Brainstorming Session (Section 8.10)

Assessment of a contributions or a compound document (Learner & Subject Expert)
Brainstorming Session (Section 8.10)

Subscribing for an existing Learning Group (Learner & Subject Expert)
User (Section 8.1), User Group (Section 8.2)

Asynchronous Communication with other members of the Learning Group (Learner & Subject Expert):
User (Section 8.1), User Group (Section 8.2), Annotation (Section 8.8) & Structured Discussion Forum (Section 8.9)

Synchronous Communication with other members of the Learning Group (Learner & Subject Expert)
User (Section 8.1), User Group (Section 8.2), Context-dependent Chats (Section 8.9)
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