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Abstract

Web Based Training Systems are the result of a number of developments in different disciplines of
computer science in recent years. These developments include Computer Aided Instruction, Hypertext and
Hypermedia, and the World Wide Web. This thesis describes these developments and how they are
brought together in Web Based Training Systems. It gives an overview over existing Web Based Training
Systems including the Hyperwave-based system GENTLE currently developed at the Institute for
Information Processing and Computer Supported New Media at the Graz University of Technology. One
special aspect of Web Based Training Systems – document annotation – is discussed in detail, and three
implementations of document annotation based on Hyperwave are illustrated.



I hereby certify that the work reported in this thesis is my own and that work performed by others is
appropriately cited.

Signature of the author: __________________________________________

Acknowledgements

Work on this Masters thesis was started at the Hypermedia Unit (HMU) at the University of Auckland in
New Zealand and completed at the Institute for Information Systems and Computer Supported New Media
(IICM) at the Graz University of Technology. I want to thank my thesis supervisor Prof. Hermann Maurer
for giving me the chance to study in Auckland, for his support and for his patience during the long time
this thesis took to be finished.
I want to thank Jennifer Lennon, my thesis advisor in Auckland, and the staff at the Hypermedia Unit for
their help and support and for the good time I had at the HMU. I want to thank Richard Persché, who also
worked as an exchange student at the HMU, for his support and for being a friend.
In Graz, I want to thank my thesis advisor Thomas Dietinger and the people working at the IICM for being
helpful in all situations.
Last, but not least, I want to thank the people at the Hyperwave Information GmbH, especially Till
Vollmer, for their help with all the questions I had about Hyperwave.

I deeply thank my parents for their love and support during my whole life.





Table of Contents I

Table of Contents

1 CAI – COMPUTER AIDED INSTRUCTION...............................................................................2

1.1 HISTORY OF CAI...........................................................................................................................2
1.1.1 Teaching Machines: Skinner’s Programmed Instruction .......................................................2
1.1.2 Early CAI Systems................................................................................................................3
1.1.3 Further developments ...........................................................................................................4
1.1.4 The situation today ...............................................................................................................4

1.2 TECHNOLOGIES FOR CAI...............................................................................................................5
1.2.1 Multimedia ...........................................................................................................................5
1.2.2 Hypertext and Hypermedia ...................................................................................................7
1.2.3 Tests and Quizzes .................................................................................................................7
1.2.4 Networked CAI .....................................................................................................................8

1.3 STYLES OF CAI .............................................................................................................................8
1.3.1 Drill and Practice.................................................................................................................8
1.3.2 Presentation Type CAI..........................................................................................................9
1.3.3 Simulation and Modeling......................................................................................................9
1.3.4 Intelligent CAI – ITS.............................................................................................................9
1.3.5 The Computer as a Tool .....................................................................................................11

1.4 MODERN AUTHORING SYSTEMS...................................................................................................11
1.5 CAI AT THE IICM .......................................................................................................................11

1.5.1 AUTOOL and COSTOC .....................................................................................................12
1.5.2 GENTLE ............................................................................................................................12
1.5.3 HM Card............................................................................................................................13

1.6 READING FROM SCREEN..............................................................................................................13

2 HYPERTEXT ...............................................................................................................................15

2.1 DEFINITION OF HYPERTEXT ........................................................................................................15
2.1.1 Nodes .................................................................................................................................15
2.1.2 Links ..................................................................................................................................16
2.1.3 Hypertexts are electronic texts............................................................................................16

2.2 HISTORY OF HYPERTEXT.............................................................................................................16
2.2.1 Memex – An Early Vision ...................................................................................................16
2.2.2 Xanadu – The Term Hypertext ............................................................................................17
2.2.3 HES, NLS – First Working Systems.....................................................................................17
2.2.4 Aspen Movie Map – The First Hypermedia System .............................................................17
2.2.5 Guide – The First Commercial Success...............................................................................17
2.2.6 HyperCard – The Breakthrough .........................................................................................18
2.2.7 Intermedia..........................................................................................................................18
2.2.8 1987: First Hypertext Conference, Hypertext Survey ..........................................................18
2.2.9 The World Wide Web..........................................................................................................19
2.2.10 Hypertext Developments at the IICM ..................................................................................19

2.3 ADVANTAGES OF HYPERTEXT.....................................................................................................20
2.4 PROBLEMS WITH HYPERTEXT......................................................................................................20

2.4.1 Cognitive Overhead............................................................................................................20
2.4.2 Disorientation ....................................................................................................................20

2.5 HYPERTEXT AND LEARNING........................................................................................................23



Table of Contents II

2.5.1 Learner Control .................................................................................................................23
2.5.2 Cognitive Plausibility .........................................................................................................23

3 WORLD WIDE WEB...................................................................................................................26

3.1 HISTORY .....................................................................................................................................26
3.2 COMPONENTS .............................................................................................................................26

3.2.1 HTTP - Hypertext Transfer Protocol...................................................................................27
3.2.2 URL - Uniform Resource Locators......................................................................................27
3.2.3 HTML - Hypertext Markup Language.................................................................................28
3.2.4 Style Sheets ........................................................................................................................30
3.2.5 CGI - Common Gateway Interface......................................................................................30
3.2.6 JavaScript ..........................................................................................................................31
3.2.7 Java ...................................................................................................................................31
3.2.8 Plug-Ins..............................................................................................................................31
3.2.9 Security Mechanisms ..........................................................................................................32
3.2.10 Servers ...............................................................................................................................32
3.2.11 Clients................................................................................................................................33

3.3 SHORTCOMINGS OF THE WORLD WIDE WEB ...............................................................................35
3.3.1 Weaknesses of the System Architecture ...............................................................................35
3.3.2 Problems for Users.............................................................................................................37
3.3.3 Problems for Authors .........................................................................................................38

3.4 THE WORLD WIDE WEB AND EDUCATION...................................................................................39
3.4.1 Accessibility .......................................................................................................................39
3.4.2 Multimedia .........................................................................................................................40
3.4.3 Hypertext............................................................................................................................40
3.4.4 Authoring ...........................................................................................................................40

4 WEB BASED TRAINING SYSTEMS .........................................................................................41

4.1 REQUIREMENTS FOR WBT SYSTEMS...........................................................................................41
4.1.1 General ..............................................................................................................................42
4.1.2 Course Material .................................................................................................................42
4.1.3 Communication and Cooperation .......................................................................................45
4.1.4 Tests, Examinations, and Assignments ................................................................................46
4.1.5 Course Administration........................................................................................................46
4.1.6 Offline Support...................................................................................................................47

4.2 TOPCLASS...................................................................................................................................48
4.2.1 General ..............................................................................................................................48
4.2.2 Course Material .................................................................................................................48
4.2.3 Communication and Cooperation .......................................................................................51
4.2.4 Tests, Examinations, and Assignments ................................................................................51
4.2.5 Course Administration........................................................................................................52
4.2.6 Offline Support...................................................................................................................53
4.2.7 Conclusion .........................................................................................................................53

4.3 WEBCT ......................................................................................................................................54
4.3.1 General ..............................................................................................................................54
4.3.2 Course Material .................................................................................................................55
4.3.3 Communication and Cooperation .......................................................................................57
4.3.4 Tests, Examinations, and Assignments ................................................................................57
4.3.5 Course Administration........................................................................................................58
4.3.6 Offline Support...................................................................................................................59



Table of Contents III

4.3.7 Conclusion .........................................................................................................................59
4.4 OTHER WBT SYSTEMS ...............................................................................................................59

5 HYPERWAVE..............................................................................................................................62

5.1 HISTORY .....................................................................................................................................62
5.2 CONCEPTS ..................................................................................................................................63

5.2.1 Object database..................................................................................................................63
5.2.2 Structured Hypermedia.......................................................................................................64
5.2.3 Links separated from documents.........................................................................................66
5.2.4 User Authentication............................................................................................................67
5.2.5 Multi-user, Multi-author Environment ................................................................................67
5.2.6 Inherent Searching .............................................................................................................68

5.3 SERVER ARCHITECTURE..............................................................................................................68
5.3.1 HG-CSP - Hyper-G Client Server Protocol.........................................................................69

5.4 WAVEMASTER ............................................................................................................................70
5.4.1 Protocol Translation ..........................................................................................................70
5.4.2 Address Translation ...........................................................................................................70
5.4.3 Providing Additional Functionality.....................................................................................71

5.5 USER INTERFACE ........................................................................................................................72
5.5.1 Viewing Mode.....................................................................................................................72
5.5.2 Authoring Mode .................................................................................................................73

5.6 OTHER HYPERWAVE CLIENTS .....................................................................................................73
5.6.1 HWTools ............................................................................................................................73
5.6.2 Virtual Folders ...................................................................................................................74
5.6.3 ODMA Interface.................................................................................................................74

6 GENTLE .......................................................................................................................................75

6.1 GENERAL ....................................................................................................................................75
6.2 COURSE MATERIAL.....................................................................................................................76

6.2.1 Navigation..........................................................................................................................76
6.2.2 Individualization ................................................................................................................76
6.2.3 Authoring ...........................................................................................................................76
6.2.4 Student Area.......................................................................................................................77

6.3 COMMUNICATION AND COOPERATION ........................................................................................78
6.3.1 Messaging system...............................................................................................................78
6.3.2 Discussion Forum ..............................................................................................................78
6.3.3 Annotations ........................................................................................................................78
6.3.4 Synchronous Communication .............................................................................................79
6.3.5 Cooperation .......................................................................................................................79

6.4 TESTS, EXAMINATIONS, AND ASSIGNMENTS ...............................................................................79
6.5 COURSE ADMINISTRATION ..........................................................................................................79
6.6 OFFLINE SUPPORT.......................................................................................................................79
6.7 CONCLUSION ..............................................................................................................................80

7 ANNOTATIONS...........................................................................................................................81

7.1 ANNOTATIONS ON PAPER............................................................................................................81
7.1.1 The Process of Annotating..................................................................................................81
7.1.2 Form of Annotations...........................................................................................................81
7.1.3 Function of Annotations .....................................................................................................82

7.2 ANNOTATIONS IN ELECTRONIC DOCUMENTS...............................................................................82



Table of Contents IV

7.3 HYPERTEXT AND ANNOTATIONS .................................................................................................83
7.3.1 Personal Annotations .........................................................................................................83
7.3.2 Public Annotations and Group Annotations ........................................................................84
7.3.3 Notification of Annotations .................................................................................................84
7.3.4 Question Answer Dialogs ...................................................................................................84
7.3.5 Annotation-based Discussions ............................................................................................85
7.3.6 Anonymous Annotations .....................................................................................................85
7.3.7 Review and Revision...........................................................................................................85

7.4 THE WEB AND ANNOTATIONS .....................................................................................................85

8 IMPLEMENTATIONS OF THE ANNOTATION FEATURE...................................................87

8.1 INSIDE HYPERWAVE....................................................................................................................87
8.1.1 Access Rights .....................................................................................................................87
8.1.2 Links ..................................................................................................................................88
8.1.3 Annotations ........................................................................................................................89
8.1.4 Inline Annotations ..............................................................................................................89
8.1.5 Annotation Rights...............................................................................................................90
8.1.6 Annotation Types................................................................................................................90

8.2 AUCKLAND - JAVA APPLETS .......................................................................................................90
8.2.1 The Environment for Annotating.........................................................................................91
8.2.2 Creating Annotations..........................................................................................................91
8.2.3 Question-Answer Dialogs ...................................................................................................94
8.2.4 Deleting Annotations ..........................................................................................................95
8.2.5 Problems ............................................................................................................................96

8.3 THE GENTLE PROTOTYPE - PLACE ..........................................................................................97
8.3.1 The Environment for Annotating.........................................................................................97
8.3.2 Creating Annotations..........................................................................................................98
8.3.3 Question Answer Dialogs .................................................................................................100
8.3.4 Deleting Annotations ........................................................................................................100
8.3.5 Problems ..........................................................................................................................100

8.4 GENTLE – SERVER-SIDE JAVASCRIPT......................................................................................101
8.4.1 The Environment for Annotating.......................................................................................101
8.4.2 Creating Annotations........................................................................................................102
8.4.3 Question Answer Dialogs .................................................................................................103
8.4.4 Deleting Annotations ........................................................................................................103
8.4.5 Further Ideas....................................................................................................................103

9 BIBLIOGRAPHY.......................................................................................................................104



Introduction 1

Introduction
As our world is moving from the industrial age to the information age, human knowledge is growing faster
than ever before. Likewise, knowledge becomes outdated faster than ever before. Not too long ago, life
was seen divided into two phases: the phase of learning, of gathering knowledge, and the phase of
working, of using this knowledge. Today, this situation completely changed, and in many jobs people have
to learn throughout their whole employment. Lifelong learning has become a buzzword in this context.
New ways of learning have to be found to support lifelong learning.
Technology is an important tool in developing new ways of learning. For more than 30 years, computers
have been used as tools for education support. Many past approaches of using computers in education were
not as successful as they were expected to be. Reasons were unsatisfying hardware and software on one
hand and a lack of experience in this new discipline on the other. Today, various developments of the last
decades, like Computer Aided Instruction, Hypertext and Hypermedia, and the World Wide Web are
brought together opening new possibilities on the field of computer supported education. Web Based
Training has become a term for learning and teaching based on these technologies.
The first three chapters of this thesis discuss the technologies, which Web Based Training is based on.
Chapter 1 gives an introduction to the discipline of Computer Aided Instruction (CAI), chapter 2 describes
Hypertext and Hypermedia and their use for educational purposes, and chapter 3 introduces the World
Wide Web. In chapter 4, requirements for Web Based Training systems are presented and currently
available systems are reviewed. Chapter 5 introduces Hyperwave as a second-generation World Wide Web
system and chapter 6 the Hyperwave-based Web Based Training project GENTLE. In chapter 7, one
particular aspect of Web Based Training systems is described – document annotation. Requirements and
possibilities of document annotation are discussed and in chapter 8, three implementations of document
annotation in Hyperwave-based environments carried out by this thesis’ author are described in detail.



2 Introduction CAI – Computer Aided Instruction

1 CAI – Computer Aided Instruction
The idea of using computers as tools for education is nearly as old as computers are. Computers should
improve learning. At lower cost than traditional education, computer supported education should be more
efficient. The key to these advantages is individualized learning. Learners can learn at their own speed and
according to their skills and knowledge, as if every learner had a private tutor.
High hopes of reaching these goals have alternated with disillusionment. The final breakthrough of
computers as educational tools has been predicted repeatedly, but has yet to be achieved. Many researchers
have investigated the field of computer support in education – computer scientists, educationalists, and
psychologists and they have created a number of research areas. The term most frequently used in relevant
literature to denote these areas is Computer Aided Instruction (CAI). Other terms also often found are
CAL for Computer Assisted Learning, or CBL, CBE, and CBT for Computer Based
Learning/Education/Training.

1.1 History of CAI
The history of computer aided instruction is nearly as old as the history of computers itself. Already in the
50ies computers have been seen as useful tools for instruction. In 1977 Hebenstreit looks back on a quarter
of a century of CAI developments and writes [Heb77]:

For 25 years a brilliant future has steadily been predicted for various aspects of computer-based
education [… ]. Up to now, however, computer-based education has been a long tale of heavy
investment and low return.

Today, more than two decades later, the tale of computer-based education might finally start to become a
success story. The following section gives an overview over important steps in CAI history.

1.1.1 Teaching Machines: Skinner’s Programmed Instruction
The first CAI programs followed Skinner’s theory of learning [Ski54], which was called programmed
instruction. These programs implemented in software what Skinner implemented mechanically with his
teaching machines. Briefly, Skinner’s theory of programmed instruction is based on the theory of
behaviorism as developed by Pavlov and others. Certain stimuli cause certain responses and the connection
between stimulus and response can be trained (or reinforced), if correct responses are rewarded and
incorrect responses are not.
Skinner’s teaching machines worked in the following way: The teaching material was split up in smallest
learning steps, which he called frames. At the end of reading a frame, the learner had to answer questions.
Correct answers were rewarded, incorrect answers were not. To avoid undesired incorrect answers, frames
featured help and the questions to the frames were highly suggestive. Skinner’s idea was that stimulus-
response connections could be trained better by such teaching machines than by human teachers, and that
therefore they could replace human teachers.
Programmed instruction was popular in the 60ies and early 70ies, but with the rise of criticism on
Skinner’s theory, programmed instruction rapidly lost importance. Direct successors of Skinner’s original
teaching machines are drill and practice programs, which are discussed in a later section [→  1.3.1]. The
main problem of Skinner’s theory is that it reduces the activity of learning to observable changes of
behavior. Learning is far more complex than that: It is not only a change of behavior, that can be observed
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externally, as Skinner’s theory states, learning is a change of internal knowledge representation. While the
change of behavior can be watched from outside, changes of knowledge representation can not.

1.1.2 Early CAI Systems
Early CAI systems imitated the function of Skinner’s teaching machines by simply presenting learning
material one frame after the other with a question at the end of each frame. These systems, called
authoring systems, helped instructors without programming knowledge to create instructional software that
follows Skinner’s principles. Later systems allowed conditional branches between frames depending on
the learner’s answers to the system’s questions. To allow more flexibility in creating instructional
software, most authoring systems were extended to offer special purpose programming languages, so-
called authoring languages. Today the term authoring system is used practically for every application that
allows the creation of instructional material – generally called courseware. As two examples for classic
authoring systems I will briefly introduce the probably most often cited systems, PLATO and TICCIT.
Both are large-scale projects that have been extensively employed and evaluated during the 70ies in the US
and strongly influenced the development of CAI until the end of the 80ies.

1.1.2.1 PLATO
The development of PLATO (Programmed Logic for Automatic Teaching Operations) started in the early
60’s at the University of Illinois. PLATO was of great influence and importance for many later CAI
projects. It was designed for use on a central mainframe computer that supported a large number of
terminals, which were connected to the mainframe by telephone lines and could be located arbitrarily far
from the mainframe. In the beginning, these terminals were text-based, but during the 70’s, they were
replaced by special-purpose multi-media terminals. Plasma panels allowed text and graphic display and
incorporated a slide projector able to display color pictures on the same panel. For sound additional analog
audio devices could be used.
Despite its expensive hardware, PLATO has been used by some institutions for more than 20 years. Over
10.000 hours of courseware for more than 100 subject areas have been programmed for PLATO by using
its author language TUTOR. TUTOR has been the model for many later author languages.
The courseware developed for PLATO was a mixture of presentation-type material, simulations and drill-
and-practice elements. PLATO’s principle was “to store concepts rather than a list of answers”, for
instance to provide flexible answer judging like allowing different correct answers for the same question or
to give helpful hints in case of wrong answers. No strict uniform structure was proposed for PLATO
lessons. Each instructor used the system in his own way. Accordingly, the quality of created courseware
ranged from very good to rather poor.
One of the main reasons for PLATO’s relative success probably was its hardware arrangement of terminals
attached to a central mainframe computer. On one hand, this allowed sophisticated record keeping of the
students’ process, on the other the communication between course participants. PLATO was also an
important forerunner of today’s systems on the field of computer mediated communication. The first
online communities emerged on PLATO with an email-like system, group discussions, and online games.
In the end of the 70’s, PLATO was commercialized by the company Control Data. In the 80’s when
microcomputers became a more cost-effective platform for education than PLATO’s mainframe
architecture, PLATO lost its importance.

1.1.2.2 TICCIT
TICCIT (Time-shared Interactive Computer Controlled Information Television) was a CAI system
designed during the 70ies at the Brigham Young University in Utah. Its central computer supported up to
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128 simultaneous learners working at simple workstations consisting of a conventional TV-set and a
keyboard. In contrast to PLATO these workstations had to be on-site. Authors could develop TICCIT
courses using a special editor, or if they needed more flexibility, they could program TICCIT using its
author languages TAL. Also in contrast to PLATO, which allowed the creation of very heterogeneous
courseware one of the main aims of TICCIT was to enforce the creation of similarly structured material,
independent of the subject of the courseware.
Another new feature of TICCIT was the introduction of some intelligence to the system. An advisor
program could be invoked by students to get advice about how to proceed depending on the steps already
passed. This advisor program was also automatically invoked, for example if a student only studied easy
examples to a topic and skipped the harder ones.

1.1.2.3 Problems of Early Systems
Great expectations were put into these early systems, but they were not or only partially fulfilled.
According to Maurer [Mau96b], three aspects are typically quoted why these systems did not better than
they did:
• The hardware of the systems was very expensive.

• The terminals of the early systems were simple and mostly text-based. It was not possible to create
graphics, animations, or video scenes for better visualization of processes.

• The cost of courseware creation turned out to be more expensive than originally expected. One hour of
courseware creation took the average author about 100 hours [Nie80] and cost up to $20.000 [Heb77].

1.1.3 Further developments
During the 80’s central mainframes as used in the early systems became less and less important, the advent
of the personal computer started. On these PCs the first authoring systems comparable with today’s
modern authoring systems were developed, such as COSTOC (see 1.5.1), or the first versions of
Authorware (see 1.1.2). These authoring systems supported graphics and simple animations and allowed
creating courseware in what-you-see-is-what-you-get (WYSIWYG) fashion, which made the creation of
courseware much easier. To the surprise of many CAI researchers, the breakthrough was again not
achieved. Maurer states a number of reasons for this fact:
• Due to the fact that they worked in a network, the early centralized systems allowed communication

between course participants as well as tracking of the students’ progress. On stand-alone PC’s this
advantage was annihilated.

• The cost of authoring systems was unjustifiably high, compared to similar software.

• Although production cost for quality software decreased due to the new authoring systems it still
remained high.

• Most courseware lacked interactivity and adaptivity towards individual students. Students suffered the
tunnel syndrome. The courseware provided a strict path through the material, which they could not
escape.

1.1.4 The situation today
Starting in the mid of the 80’s, various developments solved some of these problems. Networks like the
Internet connected computers and solved the problem of isolated stand-alone PCs. PC hardware developed
and multimedia support for playing video clips and sound became available on standard PCs. In addition,
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inexpensive or even free authoring system software became available, which allows the creation of
multimedia material.

A lot of research was put into eliminating the tunnel syndrome. Intelligent Tutoring Systems [→  1.3.4]
tried to individualize courseware by using artificial intelligence techniques. In parallel, hypertext systems
[→  chapter 2] were developed, enabling new ways to navigate through courseware. With the advent of
commercially successful hypertext systems such as HyperCard [→  2.2.6] or the World Wide Web [→
chapter 3], an abundance of course modules was created. But still today, the final breakthrough of CAI has
yet to come. Maurer collects a list of reasons found in recent studies:
• The hypertext paradigm replaces the tunnel syndrome by arbitrarily free navigation. This leads to the

getting lost in hyperspace problem and disorientation. [→  2.4.2]

• The use of multimedia, such as high quality images, audio, and video clips increases data volume,
which exceeds current network bandwidth capabilities.

• Courseware should be available both in stand-alone and networked mode.

• Preparation of course material is that easy, that everybody starts to create material. Many people who
never seriously considered pedagogical or design issues believe to be expert courseware designers.

• A lot of incompatible courseware is created, for the creation of a new course usually authors have to
start from scratch. Large databases of reusable, easily maintainable, and customizable course modules
are needed.

Today, Web based training systems are up to most of these demands and seem to lead to the breakthrough
of CAI that has been expected for more than three decades. Chapter 4 gives an overview over current
WBT developments, chapter 6 will introduce GENTLE, the WBT project carried out at the IICM.

1.2 Technologies for CAI
One way to categorize CAI systems is to look at the technologies they employ. Multimedia and Hypertext
are such technologies. Tests and quizzes for the assessment of learners’ knowledge have to be provided in
CAI-systems with appropriate user interfaces and mechanisms for automatic review. Finally, networks
allow to neutralize learners’ isolation.

1.2.1 Multimedia
Generally, the term multimedia denotes the use of multiple different types of media, such as text, images,
sounds, animation, or video. The main difference between traditional printed media and multimedia is, that
multimedia cannot only contain static media, such as text or images, but also dynamic media, such as
sound, animation, or video. Therefore, some authors require the use of at least one type of dynamic media
to call an application a multimedia application. Some others also require multimedia to be computer based,
for example Negroponte states: “bits commingle effortlessly. They start to get mixed up and can be used
and reused together or separately. The mixing of audio, video, and data is called multimedia. It sound
complicated, but is nothing more than commingled bits” [Neg95]. Interactivity is another requirement that
is often used in definitions of multimedia. Again, Negroponte writes: “Interaction is implicit in all
multimedia. If the intended experience were passive, then closed-captioned television and subtitled movies
would fit in the definition of video, audio, and data combined” [Neg95].
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1.2.1.1 History of Multimedia
If we confine the term multimedia to computer applications, the history of multimedia is short. Until the
late 60ies, when the first graphic terminals were developed, computers were completely text-based
systems. Systems like the PLATO terminals in the 70ies, as described above, were the first real multimedia
systems, combining images and sound – at that time still from analog sources – with simple vector
graphics and text. With the rapid development of hardware and software in the last 20 years multimedia
started to become available for affordable personal computers. Today, we can listen to high quality sound
and watch video clips or three-dimensional scenes on every middle class PC. Cheap mass storage media
like CD-ROMs aid the distribution of multimedia applications.

1.2.1.2 Multimedia and CAI
The usefulness of multimedia for learning has been recognized long before the use of CAI. In traditional
classrooms teachers provide a mix of different media types to support learning. The use of the blackboard
or overhead transparencies combined with slides, audio, or video material is common in schools and
universities. Textual, visual, and audial encodings of the material are provided. The provision of learning
material in not only one form helps learners to understand it more easily.
Hasebrook [Has95] investigates the use of multimedia thoroughly. He states that just offering material in
different types of media is not enough to enhance learning. If learning material is encoded in more than
one way, the information of these encodings must be sufficiently connected to be of help for the learner.
Hasebrook lists various experiments, which show not only how different types of media can enhance
learning, but also how the sequence of different media types presenting the learning material – whether the
material is received in parallel or sequentially – influences learning success.
Apart from multimedia research that investigates the influence of different media types on learning
efficiency, there are situations, when the advantage of multimedia to printed material is obvious. Many
disciplines can be supported by certain media types:

• Sound
Learning about music is the most obvious application of the use of sound in CAI systems. Other
examples include the use of listening examples in language courses or the use of historical broadcast
recordings in history courses.

• Video
The possibilities of the use of video are manifold. Learning in every discipline can benefit from video
illustrations. Additionally, an abundance of educational video material for many knowledge fields
already exists. This material can be reused in educational multimedia environments.

• Animation
Animations can be used to illustrate processes, which cannot easily be described verbally. They are
especially useful for the illustration of abstract or symbolic concepts.

• Simulations
Like animations, simulations can be used to illustrate processes. With simulations, the learner has the
additional possibility to choose parameters for the process. Typical examples for their use are
simulations of physical or chemical experiments. In a later section, the use of simulations in CAI is
discussed briefly [→  1.3.3].
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• Three Dimensional Objects
The provision of three-dimensional objects can help students in various disciplines. One example is the
use of three-dimensional models in architecture. Another example are models of molecules in
Chemistry or Biology courses.

1.2.2 Hypertext and Hypermedia
One of the major disadvantages of traditional CAI systems is that they define a certain sequence of frames
or pages that the learner must follow. This often leads to the so-called tunnel-syndrome. The learner is
captured on the predefined path through the learning material and cannot choose alternate paths. The
navigation paradigm of hypertext and hypermedia changes this situation. In hypertext and hypermedia
systems the learner does not follow predefined paths, but he can navigate freely in the information space or
knowledge space provided. Hypertext and hypermedia are of major interest in this thesis. Therefore, these
topics are covered in a separate chapter [→  chapter 2].

1.2.3 Tests and Quizzes
Tests and quizzes are an important element of CAI systems. By the use of tests, the knowledge of students
can be assessed. Tests comprise of questions. Typically, the answers to these questions are checked by the
CAI system and according to the performance of a student in a test, certain actions take place. For
example, if a student fails a test, the system might suggest that he should read certain parts of the course
material again, or the student might be led to additional material. Various different types of questions can
be provided in CAI systems.

• Yes-No Questions
The simplest form of questions are yes-no questions. The student is provided with a question and can
either choose “yes” or “no” as an answer. Obviously, yes-no questions can easily be reviewed by the
system.

• Multiple-choice Questions
In multiple-choice questions, the student is presented with a question and a number of possible
answers. Two types of multiple-choice questions can be distinguished: Either exactly one answer is
correct or a number of answers is correct. As for yes-no questions, the correction of multiple-choice
questions can easily be automated.

• Free-text Questions
This question type allows the student to type in text as an answer. Free-text questions can ask for facts,
which can be answered in one word. An example is the question “What’s the name of the capital city
of Australia?” For such a question, the correct answer “Canberra” can be recognized by the system.
Many CAI systems can analyze wrong answers by some kind of built-in intelligence. For example, the
answer “Canbera” to the question above can be recognized as a spelling error and the answer “Sydney”
as missing knowledge of the student. An answer like “Washington” might be recognized as a joke or a
sign that the student is not willing to cooperate.
Free-text questions can also require more complex answers. A question like “Why was Canberra
chosen as the capital city of Australia?” needs at least a few words or sentences as an answer and more
than one answer might be correct. The automatic review of such answers is difficult if not impossible
and involves artificial intelligence techniques. Networked CAI systems [→  1.2.4] provide
communication between course participants, so that such questions can be manually reviewed by
instructors or tutors.
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• Simulation-type Questions
All question types described above can be implemented by simple user-interfaces, where students
either choose one answer among a number of answers or type in some text. Simulation-type questions
use the possibilities of graphical interfaces. They might be better described as exercises than as
questions. As an example a virtual driving lesson might be considered, in which the student first learns
the theory about the right of way at junctions. At the end of the theory part, he has to proof that he
understood it in a simulation application, in which the system monitors the student’s action.

1.2.4 Networked CAI
Already early CAI systems such as PLATO or TICCIT were networked. A number of terminals were
connected to one main server. Later CAI developments, like learning programs distributed on CD-ROMs
were not networked, but were designed to work on a stand-alone personal computer.
It is important to understand the difference of these two modes of CAI. The learner working on a stand-
alone personal computer is isolated in two different ways. Firstly, he cannot get in contact with other
learners learning the same material, so he is isolated from fellow learners. Secondly, he can only learn the
material provided on his stand-alone system, e.g. on a CD-ROM. If a question arises that has not been
thought of by the courseware authors at the time of creating the courseware, he is stuck. He is isolated
from further information about his learning subject.
In networked CAI, the situation is different. The learner has the possibility to get in contact with fellow
students to exchange ideas, discuss topics, or even work in collaboration. If questions arise, he can also get
in contact with teachers and tutors, who can help him. Networks containing a lot of information such as the
Internet can also be used as a background library and the learner can be pointed to other destinations in the
network that provide useful information about the learning subject.
Networked CAI is the base for group learning. While the learner working on a stand-alone system
corresponds to the learner trying to learn from a textbook by himself, learning in networked CAI
corresponds to learning in the classroom with communication and collaboration between course
participants. Although the course participants never meet, we can speak of classrooms, so-called virtual
classrooms.
A separate research field focusing on the role of computers as communication, cooperation, and
collaboration tool has emerged in the last years and is called CSCW – computer-supported collaborative
work. A good introduction to CSCW in general and in educational settings is [Dew93].

1.3 Styles of CAI
CAI can be classified in many different ways, for example according to application areas, technologies, or
teaching strategies. In this section, I will follow Stubenrauch’s attempt of a basic classification [Stu92] and
present five categories of CAI. Note that most existing CAI systems belong to more than one of these
categories. The system PLATO as discussed above, for example, combines drill and practice elements with
presentation type CAI and simulation and modeling.

1.3.1 Drill and Practice
The idea of drill and practice applications of CAI is closely related to Skinner’s idea of programmed
instruction. Facts are presented and simple questions are asked. The basic idea of drill and practice
applications can be seen as the software implementation of flashcards that contain the question on one side
and the answer on another: In the beginning, all cards are on one pile. Then, card after card is answered. If
the card is answered correctly, it is moved to the next pile, otherwise it stays on the first pile. This is
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continued, until no card is left on the first pile. Despite its simplicity, the drill and practice strategy has
been applied successfully in some areas, especially when rote learning is important. A common example is
the learning of vocabulary of a foreign language.

1.3.2 Presentation Type CAI
Presentation type CAI is the most common style of CAI. The examples presented in section 1.1.2, PLATO
and TICCIT, the authoring systems introduced in section 1.4 and the systems developed at the IICM and
described in section 1.5 can all be classified as presentation type CAI systems. Web based training systems
as introduced in chapter 4 belong to the class of presentation type CAI as well.
In presentation type CAI systems the course material is split up into frames or pages, which are presented
to the learner in an author-defined sequence. In many cases, the learner can leave this predefined sequence.
Schulmeister further categorizes presentation type CAI systems by their degree of navigational freedom
[Sch96]. He lists presentations, courseware, kiosk systems, guided tours, and hypertext systems, where
presentations do not allow the learner to leave the sequence of frames at all and hypertext systems provide
complete navigational freedom. The other types are located somewhere in between.
Typically, frames or pages of a presentation type CAI system are grouped. If a frame corresponds to a page
of a book, these groups of frames correspond to book chapters. This often leads to the fact that presentation
type CAI is misused as a book, and that there is no added value to a printed version of the course material.
Added value can be gained by using dynamic media such as sound, animation, or video, and by providing
interactivity, which is not possible in books. Common examples of interactivity most presentation style
CAI systems provide, are test or quizzes at the end of pages or chapters.
An advantage of presentation type CAI systems is that other styles of CAI can easily be incorporated. For
example, frames can incorporate drill and practice exercises or simulations.

1.3.3 Simulation and Modeling
Simulations allow learners to experience real world processes virtually in front of a computer. This can be
very helpful in various subject areas. If we look at nature science, for example, many experiments in
physics or chemistry can only be carried out in a laboratory and they are expensive, sometimes dangerous,
and sometimes simply impossible. In a virtual laboratory, these experiments can be carried out repeatedly
without any cost or danger. Learners can change parameters of the experiment and analyze the outcome. In
some cases working with a good simulation can be more useful for learning than watching the according
real world process.
Experiments in physics and chemistry are only one example for the use of simulations.  The simulation of
machines such as cars, airplanes, or ships with so-called simulators or the modeling of ecological or
economical processes are other applications. Many simulations have become quite popular as games, such
as for example flight simulators. Other popular games are based on an ecological or economical
simulations, such as SimCity or Settler.
A disadvantage of simulations is that usually one program has to be developed for one particular
application, which makes good quality simulations expensive.

1.3.4 Intelligent CAI – ITS
Intelligent CAI systems or ITS (Intelligent Tutoring Systems) follow a different approach as the systems
presented so far. With the tools of the science of artificial intelligence (AI), an intelligent tutoring system
tries to represent the knowledge about a certain subject. The system also knows pedagogic strategies and
uses them to teach the represented knowledge. The goal of ITS is a tempting one. If the problem of general
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knowledge representation can be mastered and the systems can successfully apply pedagogic strategies to
teach this knowledge, the task of teaching can be abstracted. One system could be used for teaching in
various different subject areas. Unfortunately, ITS research is still far from this goal and it is doubtful, if it
can ever be reached. Nevertheless some aspects of ITS might be useful if integrated in other CAI systems,
so I will introduce the main ideas of ITS briefly.
An Intelligent Tutoring System consists of three parts. The domain model or expert model, the student
model, and the tutor model.

1.3.4.1 Domain model
The domain model, also called expert model, models the knowledge of an expert about the knowledge
domain. The modeling of knowledge is done with the tools of AI. Knowledge is divided in declarative
knowledge and procedural knowledge. Declarative knowledge defines terms and concepts of the
knowledge domain and the relations between them. Procedural knowledge consists of rules that can be
used to solve problems. This representation of knowledge is similar to that of expert systems. One problem
of ITS is that the representation of general knowledge is difficult. So far, researchers have only been
partially successful in subject areas with a highly stable, well-defined, algorithmic semantic structure, such
as mathematics, physics, or the teaching of programming languages.

1.3.4.2 Student model
The student model models the knowledge of a learner about the knowledge domain in a similar way as the
domain model. The difference to the domain model is that the student model is dynamic. By asking
questions and observing the users performance the system finds out about the learner’s current knowledge
and the student model changes. While the learner’s skills and knowledge grow, it becomes increasingly
similar to the expert model. Ideally, the learning process can be stopped when the student model equals the
expert model.

1.3.4.3 Tutor model
The tutor model analyzes the differences between expert model and student model. From this analysis it
draws conclusions and applies pedagogic strategies to help the learner. The ITS individually adapts to each
learner and his needs. The second big problem of ITS apart from the representation of knowledge is the
realization of smart tutor models. The reactions of today’s tutor models are still simple and easy to be seen
through compared to the reactions of a human instructor.

1.3.4.4 Conclusion
As good as the general ideas of ITS sound, as disappointing are its implementations so far. Schulmeister
discusses ITS thoroughly with examples of ITS applications and comes to the conclusion, that ITS
research has failed [Sch96]. The reasons for the failing he states are manifold, but a main point seems to be
that today’s understanding of how human learning and knowledge processing work is not enough to allow
the implementation of abstract learning and knowledge processing models.
Nevertheless, some ideas of ITS may be included in other CAI styles. One of these ideas is to provide
adaptive and flexible courses. Learners are presented with individualized course material according to their
profiles. A kind of tutor model observes the learner’s performance and decides, how the course can be
adapted conforming to his needs. Even with much simpler strategies than artificial intelligence, such tutor
models can lead to added value of a CAI system.
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1.3.5 The Computer as a Tool
Another approach of computer use in education is the idea of using computers as powerful and helpful
tools for learning instead of providing programs that deliver courses to be taught. Supporters of this
approach criticize the other styles of CAI, especially presentation type CAI, by stating that they reduce the
computer to “electronic page turning machines”. They think that students have to be given full control over
computers to use them to solve problems of their own choice.
The use of calculators in math courses might be simplest example of this approach. The use of more
complex mathematics programs such as Mathematica or Maple in university level math classes or the use
of statistics programs in the social sciences are other examples. Likewise, the use of knowledge databases
and information systems – such as for example the World Wide Web – can be seen as the use of the
computer as a tool for learning.

1.4 Modern authoring systems
The term authoring system has been introduced in section 1.1.2 as a term denoting applications that help to
create courseware. The interpretation of the term authoring system has changed over the years. Today, it is
not necessarily used for applications that help with the creation of educational material, but more generally
for applications that support the creation of multimedia or hypermedia material.
Probably the most popular authoring system is Macromedia’s Director1 and hundreds of educational CD-
ROMs have been produced with it. It supports the creation of sophisticated animations and allows the
combination of multimedia documents with interactivity to create dynamic multimedia productions. For
more complex tasks, it provides its own scripting language, Lingo. By use of the Plug-In [→  3.2.8]
Shockwave, content created with Director can be used on the Web.
Authoring systems comparable with Macromedia’s Director are Authorware also marketed by
Macromedia, Toolbook and IconAuthor, both by Asymetrix. Apple’s HyperCard, SuperCard by Allegiant,
and HM-Card developed at the IICM at Graz University of Technology are examples for authoring
systems with special support for Hypertext and Hypermedia. For an overview and categorization of these
and similar systems see [Mik96].
The border between authoring systems and other application types are floating. Applications for
presentation creation such as Microsoft’s Powerpoint have similar functionality as authoring systems. In
the context of Web Based Training systems, where typically the majority of material is prepared in the
World Wide Web’s standard format HTML, WYSIWYG HTML editors like SoftQuad’s HoTMetaL,
Microsoft’s Frontpage or Dreamweaver by Macromedia might also be seen as authoring systems to a
certain degree.

1.5 CAI at the IICM
Since the early 80’s CAI has always been a major research area at the IICM. Some projects, such
COSTOC were completely dedicated to CAI. Others, like the Hyper-G project had a strong educational
component. This section provides an overview over the CAI developments at the IICM during the last 15
years.

                                                  
1 See http://www.macromedia.com/director  for detailed information.
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1.5.1 AUTOOL and COSTOC
CAI research at the IICM started in 1984, when Hermann Maurer, head of the institute, where the Austrian
videotex system just had been developed, met John Garratt from Control Data, the company that marketed
the CAI system PLATO at that time. They had the idea to use the Austrian videotex system to distribute
PLATO lessons.
In 1985, a program called AUTOOL was developed for the MUPID, the low-cost computer used as
terminal and decoder for the Austrian videotex system. AUTOOL allowed the editing and presentation of
courseware. As a direct offspring of PLATO, the structure and philosophy of AUTOOL reflects that of
PLATO. The courses developed were presentation type CAI courses with sequences of presentation and
test units. AUTOOL featured sophisticated answer judging techniques, but no intelligent methods like the
tutor models of intelligent tutoring systems. AUTOOL was developed as a general purpose CAI system
that allowed the creation of courseware for all subjects. The creation of courses was menu-driven and
programming free.
In 1986, the project COSTOC (Computer Supported Teaching of Computer Science) was started. Its
technical base was AUTOOL. The main aim of the project was to create an extensive library of high-
quality presentation type CAI lessons about computer science on university level. Other universities joined
the project and so-called COSTOC labs were set up at locations in Austria, Germany, Canada and the
USA. Such a CAI laboratory consisted of a central server with a number of connected MUPIDs as
terminals. Later the MUPIDs were mostly replaced by PCs.
Maurer and Makedon [MM87] describe the ideas and intentions of the COSTOC project. Stubenrauch
[Stu92] gives a status report of the COSTOC project as of 1992, soon before the project development was
stopped. At that time about 500 COSTOC lessons were available by more than 40 authors from various
European and American universities. Worldwide about 30 universities have been using COSTOC material.
COSTOC executors like AUTOOL for the MUPID have also been available for PCs, Macintosh
computers, and the then popular Commodore Amiga.
At the end of the 80ies, the idea came up to integrate hypertext and hypermedia functionality in COSTOC.
A system called HyperCOSTOC was planned, but never implemented. Instead, the ideas developed for
HyperCOSTOC found their way into Hyper-G, the next large-scale project carried out at the IICM.

1.5.2 GENTLE
Although Hyper-G was originally planned to integrate the CAI efforts that have been made in the
COSTOC project, it was not used as a CAI tool extensively. Classes at the Graz University of Technology
were supported by providing material on Hyper-G servers and allowing electronic discussions between
class participants based on Hyper-G technology, but no complete CAI system based on Hyper-G was
developed.
In 1996, the project LATE was initiated [Mau96b] with the goal of creating a CAI system based on Hyper-
G, which was then already renamed to Hyperwave. It should also integrate other research work carried out
at the IICM, such as the HM-Card project [→  1.5.3] or the research into electronic libraries. The project
was later renamed to GENTLE (General Networked Teaching and Learning Environment), and in fall 1997
a first prototype was finished and used to support some of the university classes at the Graz University of
Technology. In 1998, the prototype was completely rewritten and by fall 1998 the first final version of
GENTLE was used. In chapter 6, I will give a thorough introduction to the GENTLE project, its current
status and an outlook to the future of the project.
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1.5.3 HM Card
HM Card was developed by a group around Nick Scherbakov at the IICM. It is a frame-based hypermedia
authoring system for the creation of presentational and instructional material from simple kiosk-type
presentations to complex CAI lessons. Running on MS Windows, three components allow the user to
create, link, and view hypermedia material: editor, linker, and viewer. The authoring process of HM Card
is completely programming free.
The editor supports the creation of pages or frames. A frame can contain objects of various media, external
objects (e.g. embedded using OLE), or question-answer dialogs. The user can operate with various media
objects in WYSIWYG fashion. The media objects range from simple text, graphic, sound, or video objects
to complex animation objects and objects for answer-judging, answer-analysis, and branch objects.
With the linker, pages created with the editor are combined into so-called S-collections, modular units with
a well-defined navigational paradigm. The author can choose the type of navigation within an S-collection.
For example, he can define a sequential path that shows one page after the other or more hypertext free
navigation between the elements of an S-collection.
The viewer allows browsing the material created with editor and linker. While editor and linker are the
author’s tools, the viewer is the reader’s or, in an educational context, the learner’s tool. Apart from
various navigational features, the viewer supports keyword search and rich annotational functionality. An
interesting fact is that the viewer not only exists as an MS Windows-based application, but also as a Java
applet, which allows HM Card presentations to be incorporated in Web pages.
The material created with HM Card is stored in a hypermedia database based on the HM Data Model,
which facilitates modularity and reusability of HM Card course material. One aim of HM Card is to allow
the creation of courseware libraries, where course authors can pick single pages, S-collections, or course
chapters to put them together with their own material to create a new course.
Detailed information on HM-Card can be found in the book Multimedia Authoring for Presentation and
Education: The Official Guide to HM-Card. [MS95]

1.6 Reading from Screen
Typically, course material for CAI-systems is rather text-based. The learner has to read a lot from the
computer screen, if he does not want to print out the whole course material. (Which might be difficult for
heavily interlinked hypertext material, anyhow.) A statement often heard is, that reading from screen is
more tiring and uncomfortable compared to reading from paper. Several researchers have investigated the
differences between reading from screen and reading from paper. In [MDR91] and [Has95], brief
overviews of their results can be found.
Today, standard computer screens use resolutions from 50 to 100 dpi (dots per inch), while printed text
usually has a resolution of 300 to 600 dpi. Also, CRT screens do not produce a static display.  They are
refreshed between 60 and 100 times a second. Differences observed between reading from screen and
reading from paper are:
• A third effect is that users get tired more quickly when reading from a screen. Research results differ,

but some indicate that high quality hardware can rule out this effect.

• Users read slower from screens than from paper, the difference in reading speed can be up to 20 per
cent.

• Reading accuracy seems to be lower when reading from screen. Experiments with proofreading tasks
showed that proofreaders missed far more errors when working on a monitor than when working on
paper.
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Research shows that the disadvantages of reading from screen can be ruled out by the use of better
technology. This can be software techniques on one hand, such as anti-aliasing. (Using different scales of
gray to simulate higher resolution.) On the other hand, improved hardware, like high-resolution screens
with high refresh rates or LCD or TFT displays will provide higher reading comfort.
While better technology will help to enhance reading from screen, there exists one issue that probably only
time can overcome. Today, computers are usually not seen as reading tools. The majority of people still
see books as the traditional reading tool. Books are easy to use, personal, and “natural” in our culture.
Future will show how fast people will switch from books to electronic media as their primary reading tool.
An interesting development in this context, are so-called softbooks or eBooks2. Softbooks allow the user to
read from an electronic screen, but still provide the “feel” of a book. Softbooks might lead to an important
change in CAI. Instead of sitting in front of a traditional desktop computer, learners might use softbooks or
similar tools for learning, which they can carry with them like a book. Of course, laptop computers are a
first step in that direction.

                                                  
2 Currently available softbooks are Softbook (http://www.softbook.com)  by Softbook Press,
Everybook by Everybook Inc. (http://www.everybk.com) , and the Rocket eBook by Nuvomedia Inc.
(http://www.rocket-ebook.com) .
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2 Hypertext
In this chapter, a brief introduction to hypertext is given. Concepts and terms are defined, which will be
used throughout the further text. An overview over the history of hypertext is presented and advantages
and disadvantages of hypertext compared to traditional linear text are discussed. The last section
illustrates, how hypertext can support and improve learning activities.

2.1 Definition of Hypertext
The essence of hypertext is that it is non-linear text. In opposite to traditional printed texts there is not only
one way that leads through the text, but there are many ways the reader can choose from. Ted Nelson, one
of the pioneers of hypertext defined it as “a combination of natural language text with the computer’s
capacity for interactive branching [… ] of a nonlinear text [… ], which cannot be printed on a conventional
page.” [Nel67]
Hypertext is based on two concepts, nodes and links. Nodes (or documents) are the basic information units
of a hypertext. Links (or hyperlinks) are relations between nodes, which connect nodes in a non-linear,
web-like manner. The set of nodes and links forms a graph network. A distinct set of nodes and links
forming a logical entity is called a hyperdocument or simply a hypertext. Hypertext systems are software
tools, which help to create, manage, and use hypertexts. Figure 2.1 shows a simple hypertext.

Figure 2.1: A simple hypertext consisting of text nodes and links connecting these text nodes.

2.1.1 Nodes
Nodes can be text documents or documents of other media (images, sounds, video, simulations,
animations, etc.) The terms hypertext and hypermedia refer to the media types nodes can be of. While the
term hypertext is usually used if nodes consist of text only, hypermedia is used if nodes can be of different
media types. Hypermedia can be seen as the combination of hypertext with multimedia. (In [Sch96] a
comprehensive discussion on distinguishing these terms can be found.)
Many authors categorize hypertext systems by the way they display nodes. They distinguish between
frame-based and window-based systems. In frame-based systems, every document must fit in a fixed-sized
frame and the author has full control over presentation and layout. In window-based systems, the author
has only restricted control over presentation and layout, most of the layouting is done by the system.
Windows are usually resizable and if the content of a document does not fit into a window, scrollbars
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allow the reader to access the whole document. In window-based systems, typically more than one window
is used to display multiple documents concurrently.

2.1.2 Links
Links consist of a starting point, the source anchor, and an end point, the destination anchor. A source
anchor is a part of a document, like for example a text phrase in a text document or a certain area within an
image. Typically, a source anchor is visualized by some kind of highlighting. It can be activated, usually
by clicking on it with the mouse pointer, to navigate to the destination anchor. A destination anchor can be
either a whole document or a certain part within a document. Figure 2.2 shows these two cases.
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Figure 2.2: Links and anchors. In the left example, the link points from a source anchor to a whole
document as destination anchor. In the right example, the link points from a source anchor to a destination
anchor within a document.

Typically, hypertext systems distinguish between referential links that represent references or associations,
and organizational links that allow superimposing an organizational structure over the web-like hypertext,
such as a hierarchy.

2.1.3 Hypertexts are electronic texts
One might argue that a lot of printed texts like for example dictionaries or encyclopedias are indeed
hypertexts, because they contain a lot of references to related information, which also create a web-like
information structure. What distinguishes hypertext from such printed texts is the ease of accessibility of
related information, which is only achievable through computers: related information is always just a
mouse-click away.

2.2 History of Hypertext
In the following text, I will describe some of the historical most relevant hypertext and hypermedia
projects. For a more detailed overview of early hypertext and hypermedia systems see Conklin’s 1987
hypertext survey [Con87], for an overview of also more recent systems and a general introduction to
hypertext see [Nie95].

2.2.1 Memex – An Early Vision
In 1945 Vannevar Bush, President Roosevelt’s science advisor wrote the article “As we may think”
[Bus45] describing a system called Memex (for “memory extender”), that should allow to extend human’s
memory and intellect. By the use of microfilm technology, this Memex is able to store large libraries of
text and image documents. Users of Memex are able to follow links from one document to another and to
establish new links between documents. Although Memex was never built, it was the first description of
what would be called a hypertext system today and Bush’s article is remarkably foresightful.
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2.2.2 Xanadu – The Term Hypertext
In 1965, two decades after Bush’s article was written, the term hypertext was coined by Ted Nelson. His
proposed system Xanadu was designed as a “repository for everything that anybody had ever written”, a
global online library. So-called transclusions allow one document to appear in different contexts. In
addition, no document in Xanadu is ever deleted; instead, new versions of documents exist beside older
versions. Transclusions and versioning are implemented by the use of links: only the original document
and the changes made to it are stored.
Nelson emphasizes copyright protection in his proposed system. Electronic accounting and the distribution
of royalties if an author’s work is used elsewhere are important aspects of Xanadu. Until today, Nelson is
working on the partial realization of his ideas.

2.2.3 HES, NLS – First Working Systems
Ted Nelson, Andries van Dam, and students of Brown University developed the first working hypertext
system, called Hypertext Editing System (HES) in 1967 at Brown University, which was used to produce
documentation for the Apollo spacecraft.
A year later, in 1968, Douglas Engelbart successfully demonstrated his system NLS. This was five years
after he wrote “A Conceptual Framework for the Augmentation of Man’s Intellect”, where he – influenced
by the work of Vannevar Bush - proposed a computer-based tool to augment man’s intellect. NLS was the
first system with a graphical, mouse-driven interface.

2.2.4 Aspen Movie Map – The First Hypermedia System
The Aspen Movie Map was developed in 1978 at MIT by Andrew Lippman and his team. It was the first
working system that would be called hypermedia system today. Sequences of photographs of the streets of
Aspen were taken and linked to the street grid. Users of the system could navigate through the streets of
the town photograph by photograph using a joystick. Short video clips of many of the buildings of Aspen
were also linked in, so users could stop and explore them.

2.2.5 Guide – The First Commercial Success
The first widely available commercial hypertext product was OWL’s Guide. Originally developed for Unix
systems at the University of Kent, Guide became a commercial success after it was available on
Macintoshes in 1986 and shortly after on IBM PCs.  Nielsen states, that “to some extent the release of
Guide could be said to mark the transition of hypertext from an exotic research concept to a ‘real world’
computer technique for use in actual applications”[Nie95].
Technically, Guide was a single-user standalone window-based hypertext system. One interesting aspect of
Guide was, that it allowed the use of three different types of links:
• Replacement links, which are completely replaced by the text of the document the link is pointing to,

when they are activated. That way replacement links allow information hiding and give the user the
choice to switch between different levels of detail.

• Note links cause a small popup window to display the text of the destination document. Note links
were for example used for glossary references: Users are able to look up the glossary without leaving
the document they are currently reading.

• Reference links, which jump to another position in the hypertext.

The help system of Microsoft Windows is a further development of Guide.
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2.2.6 HyperCard – The Breakthrough
A year later, in 1987, Apple decided to bundle HyperCard free with every Macintosh. This was a
breakthrough for the popularity of hypertext and hypermedia. The core of HyperCard is a simple frame-
based hypertext system, like Guide it is a single-user standalone application. But apart from basic
hypertext functionality, HyperCard provides an easy-to-learn scripting language, HyperTalk. HypertTalk
scripts can be attached directly to any HyperCard object, such as buttons, graphics, or links. Such scripts
are automatically invoked when the object is activated. With the easy-to-use program HyperCard many
users started to design HyperCard Stacks – as hypermedia applications are called in HyperCard.
In 1991, four years after the release of the first version of HyperCard, Woodhead described the
breakthrough HyperCard achieved as follows: “Launched in 1987, it is by far and away the most
successful hypermedia program launched to date. The fact that HyperCard offered Macintosh
programming facilities to complete novices, the fact that it was bundled free with new Macintosh
computers, and its general purpose applicability, have resulted in a user base of over one million. It has
broken grounds for other hypermedia programs, provoking a huge amount of attention in the press and
enthusiasm from users in many different professions” [Woo91]. In addition, Nielsen describes the release
of HyperCard as a major step for hypermedia as he states: “The final step to ‘realworldness’ [for
hypermedia applications] came when apple introduced HyperCard in 1987” [Nie90].

2.2.7 Intermedia
From 1985 to 1991 Intermedia was developed at Brown University under Andries van Dam, who already
had a lot of experience in hypermedia systems from earlier projects, such as HES. (See HES, NLS – First
Working Systems) While Intermedia was developed as general-purpose hypermedia system, its primary
usage was as an educational system. It was used at Brown University for cooperative authoring of lecture
material and for hypermedia based learning. English-, Biology- and Literature courses were conducted by
the use of Intermedia.
In opposite to systems like Guide or HyperCard Intermedia was a far more sophisticated system. It was not
a single-user standalone application, but a multi-user system based on client-server architecture. It was the
first system to store links separately from documents in its own link database. That way links could be
followed forward and backward (bi-directional links) and it became possible to insert links to a document
without changing the document itself. Intermedia supported various document types with applications
integrated in the Intermedia framework, which allowed the viewing and editing of these document types: A
text editor (InterText), a graphics editor (InterDraw), a scanned image viewer (InterPix), an object viewer
for 3D objects (InterSpect) and a timeline editor (InterVal).
Although great interest existed for Intermedia in the research community, it was only used within Brown
University. In 1991, the development of Intermedia stopped because of lack of further funding.

2.2.8 1987: First Hypertext Conference, Hypertext Survey
1987 was a turning point in the history of hypermedia. Not only was HyperCard introduced by Apple, but
also two more important events took place. Jeff Conklin’s article “Hypertext: An Introduction and Survey”
[Con87] was published in the September edition of IEEE Computer and the first conference dedicated
exclusively to hypertext, ACM Hypertext’87, was held at the University of North Carolina.
The article “Hypertext. An Introduction and Survey” gives an overview over all important hypertext
developments at the time. Conklin describes more than twenty hypertext and hypermedia systems from
Memex to Guide and Intermedia. He compares their functionality and derives a basic definition of
hypertext and its advantages and disadvantages compared to traditional linear text.
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The ACM Hypertext’87 conference showed the rapidly growing interest of the research community in
hypertext. Only about half of the 500 people who wanted to attend the conference could be accommodated
and lecture theaters were completely overcrowded.

2.2.9 The World Wide Web
The next major milestone in hypertext and hypermedia development was in 1991, when the World Wide
Web (or briefly WWW or the Web) was presented at the ACM Hypertext’91 conference by Tim Berners-
Lee from CERN (the European Particle Physics Laboratory in Geneva, Switzerland). Based on Internet
technology, the Web is a distributed hypermedia system based on client-server architecture.
The real breakthrough for the Web followed in 1993 when the easy-to-use point and click Web client
Mosaic was released by NCSA (the National Center for Supercomputing Applications). Since then the
Web has been growing with unbelievable speed and become a system that not only completely changed the
importance of hypertext and hypermedia but also has strong influence on many fields of computing and
information technology as a whole.
Web Based Training systems are based on World Wide Web technology, so in chapter 3, a thorough
introduction to the World Wide Web is given.

2.2.10  Hypertext Developments at the IICM
The development of hypertext and hypermedia systems was observed with interest at the IICM during the
80ies, when research at the IICM focussed on videotex systems – which had indeed a lot in common with
hypertext systems – and CAI systems. The first actual research work in the field of hypertext was done in
1988, when the CAI system COSTOC (see above, COSTOC) was planned to be upgraded to
HyperCOSTOC, which should feature hypertext functionality.
HyperCOSTOC was never implemented, but rather was a theoretical system to think and write about.
Many of the ideas developed for HyperCOSTOC found their way into its succeeding project Hyper-G.
Hyper-G was designed to be an “optimal large-scale hypermedia system” [Kap96a].
Starting in 1989 Hyper-G became the main research project until it was commercialized and renamed to
Hyperwave. One focus of this thesis is to explore the possibilities to use Hyperwave for educational
purposes, so in chapter 5 a thorough description of Hyperwave is presented.

Year Event Originator Milestone
1945 Article “As we may think” Vannevar Bush First description of  a hypertext

system
1965 Description of Xanadu Ted Nelson Term “hypertext” coined
1967 Hypertext Editing System Andries van Dam,

Brown University
First working hypertext system

1978 Aspen Movie Map Andrew Lippman First working hypermedia system
1985 Intermedia Brown University Anchors, bi-directional links
1986 Guide OWL First commercial product
1987 HyperCard Apple Free with every Macintosh
1991 World Wide Web Tim Berners-Lee,

CERN
Hypermedia across the Internet

1993 Mosaic NCSA First Graphical WWW browser

Table 1: Milestones in the history of hypertext and hypermedia. (Taken from [And96])
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2.3 Advantages of Hypertext
Like hypertext, traditional literature is richly interlinked. References are not new in hypertext; they have
always been used in literature. Following side links like looking up a glossary or dictionary, or following
cross-references to other chapters or sections in a book are essential elements of reading. The main
advantage of hypertext for the reader is the ease of following these references. Related information is
always just a mouse-click away. Additionally, the reader can choose a particular way through a
hyperdocument, so that hypertext provides different viewpoints of a topic for different readers. A reader
interested in one subtopic of a hyperdocument will follow different links than another reader interested in
another subtopic.
Hypertext is also a tool for writing text. Few authors sit down and write down finished text. Instead ideas
come to the author’s mind unstructured and the main task of authoring – of designing a document - is to
organize these ideas in a linear structure. If hypertext is thought of as an authoring tool, ideas can be
expressed as hypertext nodes. If new ideas come to the author’s mind, they can be connected to already
existing ideas, or they can be left isolated, if it is too early to make any associations. The network of nodes
can then be polished to result in a hypertext document or it can be linearized systematically if a traditional
linear document is the desired outcome. In the section Hypertext and Learning, I will come back to this
issue.

2.4 Problems with Hypertext
Two general problems of hypertext are mentioned in hypertext literature: Cognitive overload and
disorientation. I will discuss these problems briefly and present ways how they can be mastered.

2.4.1 Cognitive Overhead
Conklin defines cognitive overhead as “the additional effort and concentration necessary to maintain
several tasks or trails at one time” [Con87]. When reading a book, the reader can concentrate fully on the
text, apart from turning pages there is nothing that diverts the reader’s attention. The situation with
hypertext is different. The reader has to make choices which links to follow from the current document,
and which links to leave alone. He has to consider whether following the side path is worth the distraction
of the reading flow or not. Some decision-making is necessary, which is additional cognitive load to the
concentration on the text.
The consequences of cognitive overhead can be decreased by carefully authoring hypertext and restricting
the outgoing links from a document. However, cognitive overhead can never be completely avoided. If the
author restricts the choices of where to go from a document to one choice, we cannot talk about hypertext
anymore. Other steps to ease the problem of cognitive overhead is to have cross-referenced documents
appear very quickly, or to provide some information about the document behind a link, such as a short
explanation in a pop-up window.

2.4.2 Disorientation
The second general problem of hypertext is the disorientation problem, often also referred to as the getting
lost in hyperspace syndrome. It describes the effect of losing orientation when reading hypertext. In fact,
the disorientation problem is a set of problems. When the user reads a particular document, the following
questions might occur:

• How can I get an overview of the hypertext? Where am I, related to the other information of the
hypertext?



Chapter 2. Hypertext 21

• How much information does the hypertext contain? How “large” is it?

• How much of the information have I seen already?

• How can I avoid seeing the same material again and again?

• If I know that some specific information is in a hypertext, how can I get to it?

• Where is the optimal starting point to enter a hypertext?

• How can I get back to a document, which I have seen already?

• Which is the best path through the hypertext for my specific problem?

• At the end of a session, have I seen all information relevant for me?

• What can I do at my specific location? Where can I go to?

Some of these problems can also be observed with traditional linear texts, as for example to find a certain
text again that was read before. Other problems are specific to hypertext. For example, when reading a
book, the reader will never have to decide where to go from the current page. Turning to the next or maybe
to the previous page will be the only choices. In addition, when the reader reaches the last page of a book,
he can be sure that he has read all the information in a book. The table of contents of a book provides the
reader with an overview of the information contained in the book and the index of a book allows searching
the book for specific information. The thickness of a book helps to estimate the amount of information it
contains. At the current page of a book it is possible to approximate how much of the book has been read
already and how much still is to be read by comparing the size of the left and the right part of a book.
All of us have been using books since we have entered school and we are accustomed to find information
in books. Hypertexts are still new to us and intuitive tools have to be provided to help us “navigating”
through hypertexts. The following sections give an overview over the most important navigation aids that
have been developed to solve the various aspects of the disorientation problem:

2.4.2.1 Overview Maps
Overview maps should provide a general overview over a hyperdocument and help the reader to answer
the question where he is located in the hyperdocument compared to the other information in the
hyperdocument. Just like a city map helps navigating through a city, a map of hypertext documents and
links should help to navigate through hyperspace. A global map of a hyperdocument shows all its
documents and its interconnecting links. The problem of global maps is that they become confusing if the
number of documents and links exceeds only a few dozen (“visual spaghetti”), so other solutions have to
be found. Local maps just show documents in the vicinity of the current document. While they cannot
provide a global overview, they still allow the user to get an idea of the current document's context. A
variant of local maps is fish-eye views, which behave like wide-angle photographic lenses. Important
documents closely related to the current document are visually emphasized, while less important
documents are displayed smaller.

2.4.2.2 Document Hierarchies
A different approach to create an overview over a hyperdocument is to group related documents already
when they are inserted. Container nodes (often also called folders or collections) contain related
documents. If such container nodes can include other container nodes, a hierarchy is created. The
hierarchical relations between containers and documents are maintained by organizational or structural
links as discussed in [Links]. Hierarchical structures can solve several problems when navigating through
hyperspace:
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• By showing the hierarchy of the documents only, an overview of the hyperdocument can be achieved
that is similar to the table of contents of a book. The number of levels of this overview can be
restricted, allowing readers to set a level of detail of the table of contents.

• Showing the current position in the collection hierarchy, so-called location feedback, helps readers to
find out about the context of the current document by examining the document’s vicinity in the
hierarchy.

• Because a hierarchy implicitly defines some linear order, readers can traverse through a
hyperdocument in a way that ensures that every document of a certain scope is visited. This way the
common problem is eliminated, that some documents are never visited, because the user forgets to
follow a certain link or because the document is not reachable from the users entry point in the
documents.

• If readers follow a link in the hyperdocument to a certain topic, they have no idea whether that link
leads to a few documents or maybe to some hundred documents about the topic. In a document
hierarchy users can find out how many documents exist in a container node and approximate how
much information is provided about a topic.

• The use of hierarchies and organizational links reduces the amount of referential links. Thus, local
maps or fish-eye views of the vicinity of the current document become more clear and therefore more
useful.

Hierarchies always define some way of categorization. As a set of documents can usually be categorized in
different ways, it is important, that several document hierarchies can coexist in a system, that means that
one document can be contained in more than one container node.

2.4.2.3 Searching
An important navigational aid for the access of hypertext systems is searching. Similar to the index of a
book, readers should be able to search the hypertext for words and phrases. In hypertext literature, some
authors define searching facilities as an elementary component of hypertext systems.
The simplest way to allow the user to search in the hypertext is to provide the possibility to do fulltext
searches, i.e. to search the content of all documents of the hypertext. In addition, if meta-information to
documents is available, searching this meta-information allows more specific search queries.

2.4.2.4 Guided Tours
Guided Tours are predefined paths through a hypertext. They reduce the complexity of navigation in a
hypertext by providing one sequential path through the documents. Of course, additional links must be
available, which allow to leave the predefined path to explore the neighborhood of documents of the path,
or otherwise we cannot speak of hypertext anymore. A document hierarchy as discussed above implicitly
provides a guided tour, as a hierarchy always defines a linear order of its elements.
Other ways of reducing the complexity of a hypertext is to apply filter mechanisms on the hypertext, so
that only a subset of nodes and links are available to the reader. The selection of such a subset might for
example be based on a preceding search or on the experience of a user, so that an inexperienced reader is
facing a less complex hyperdocument than an experienced reader.

2.4.2.5 Retrospective Orientation Help
Retrospective orientation help should assist readers to answer the question, how they got to a certain
document and keep track of their reading activities.
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A document history allows the reader to get back to documents he has already read. Either he can get back
to a document step by step or he can access previously visited documents by using a history list or a
history tree, which represent the path that led him to the current document. While the document history is
maintained by the hypertext system, the reader can also actively mark particular documents by using
bookmarks. He can later use these bookmarks to directly enter the hypertext at the bookmarked documents.
Footprinting is another orientation help that helps to avoid wandering around in circles in a hypertext.
Links, which point to documents that have already been visited marked in a special way.

2.5 Hypertext and Learning
Hypertext is a medium for the representation, the imparting, and the learning of knowledge. The word
hypertext indicates that hypertext is somehow more than text, so is learning from hypertext different from
learning from text? Some authors think that the use of hypertext will revolutionize learning and lead to
some kind of hyperlearning [Per92]. More serious assumptions supported by many researchers are that
hypertext allows learners to take more control over their learning process compared to other CAI
approaches. They also assume, that the interlinked structure of hypertext is more suitable for learning then
the linear structure of printed text, because it resembles the knowledge structure of the human memory.
This assumption is called the assumption of cognitive plausibility.

2.5.1 Learner Control
If hypertext-based CAI systems are compared with other CAI systems, one difference becomes obvious. In
traditional CAI the next step for the learner is usually decided by the system – like in classroom-based
instruction as well. With hypertext the learner gets more control over the learning process. Rather than the
instruction directing the learner, the learner is allowed to adapt the instruction to personal preferences and
abilities. He decides the sequence of learning steps and gains learner control. This leads to a different form
of learning called explorative learning or discovery learning.
Unfortunately, more learner control does not necessarily lead to learning benefits. Jonassen and Grabinger
[JG90] observed an effect that is also described by other authors: Those learners who need the most
instructional support (underachievers) frequently select the least, those who need the least (overachievers)
frequently select the most. That way, overachievers might fail to profit from the additional possibilities of
hypertext, while underachievers might even learn less from hypertext than from linear text, if they are not
given the necessary guidance through the hypertext.
Gerdes [Ger97] describes a comparable effect. Observations showed that learner control yielded effective,
if learners had a certain amount of previous knowledge. In that case, they were able to profit from learner
control. If they lacked that previous knowledge, the additional task of controlling the learning process led
to less learning benefits compared to the reading of linear text.

2.5.2 Cognitive Plausibility
Already in the first description of a hypertext-like system, the article “As We May Think”, Vannevar Bush
wrote [Bus45]:

“When data of any sort are placed in storage, they are filed alphabetically or numerically [… ].
The human mind does not work that way. It operates by association. With one item in its grasp, it
snaps instantly to the next that is suggested by the association of thoughts, in accordance with
some intricate web of trails carried by the cells of the brain.”
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The core of the theory of cognitive plausibility of hypertext is based on Bush’s assumption. Knowledge is
represented in the human memory as associations in a nonlinear net-like structure, and this structure
corresponds with the structure of hypertext. Two hypotheses regarding writing and reading hypertext result
from this assumption.
• The author of a hypertext can map the mental structure of his knowledge directly to the hypertext,

without having to linearize it as necessary for a linear printable text.

• When reading hypertext, the reader can directly integrate the nonlinear interlinked structure of
knowledge represented by the hypertext into his mental model and no de-linearization is necessary as
with traditional texts.

Figure 2.3 visualizes the theory of cognitive plausibility.

Nonlinear cognitive structure
of the author 

Nonlinear cognitive structure
of the reader

Hypertext

Linear text

Figure 2.3: Theory of cognitive plausibility: If hypertext instead of linear text is used for knowledge
transfer, no linearization by the author and de-linearization by the reader of the hypertext is necessary.

The theory of cognitive plausibility has been criticized by many authors. They state that it is unacceptably
simplifying the complex mechanism of knowledge transfer. Firstly, the cognitive structures of different
persons differ, so representation of an idea or a concept of one person might simply not “fit in” the
cognitive structure of another person. Secondly, this effect is increased in an instructor-student situation.
While for the instructor, a certain idea or concept is integrated in a larger knowledge context, it might
stand alone in the knowledge structure of a student, so that he is unable to merge it into his existing
knowledge structure it.
A different reason for criticism of the theory of cognitive plausibility is the assumption, that the
linearization of knowledge has its advantages. The author of a text about a certain idea or concept is forced
to bring his knowledge in a linear or hierarchical structure. On one hand, this might help to present the
knowledge more clearly. On the other hand, it forces the author to think about how the text is best
structured to be understood by a learner.
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In chapter 4, we will see that today’s Web Based Training systems try to find a way to use both the
advantages of hierarchical structured material and the advantages of hypertext. While they offer authors
the possibility to use hyperlinks everywhere in the system, they also force him to arrange the course
material in a hierarchical structure.
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3 World Wide Web
The World Wide Web (also known as WWW or simply the Web) is a distributed hypermedia information
system. It allows hypermedia information to be located on a network of computers called Web servers
around the world, which are connected through the Internet.
User friendly tools called Web clients or Web browsers make the Web easily accessible to anybody who
has access to a personal computer and a modem. For that reason it has experienced tremendous growth
over the past three years and has become the most used portion of the Internet.
This chapter describes the technical components of the Web. It also illustrates shortcomings of the Web
caused by its rather simple architecture. As the last section of this chapter, the possibilities to use it for
educational purposes are presented.

3.1 History
In 1989 at CERN, the European Laboratory for Particle Physics, Tim Berners Lee started to think about a
hypertext system that should enable communication and cooperation of researchers at his institution. He
proposed a system called the World Wide Web and in the end of 1990, the development of a Web server
and a simple text based Web client started. The system was first used at CERN and by the high-energy
physics community. In 1993, when the graphical user interface based, mouse-driven Web client Mosaic
was released for all important computer platforms at NCSA, the growth of the World Wide Web started to
explode. Academic researchers of all areas began to use it and the number of Web servers and users
doubled every few months.
In 1994, the first WWW conference took place in Geneva. In the same year Marc Andressen, who
developed Mosaic at NCSA, founded his own company, Netscape Communications Corporation, and
released Netscape Navigator, which quickly became the most popular browser of the WWW community.
The Web was not tool and toy of the academic research community anymore, it started to spread into
commercial enterprises and to the public.
At the time of writing estimated 150 million people populate the Web. The Web offers a huge amount of
information and has become mankind’s largest library ever. Various businesses are moving increasingly
towards the Web, and it is becoming mankind’s largest shopping mall ever. Virtual communities are
created all over the world and the Web has started to change human society as a whole.

3.2 Components
Like most Internet applications, the World Wide Web uses a client-server model. Web clients are
programs that send simple request to Web servers. Web servers reply to these requests by either sending
documents or error codes.
The World Wide Web integrates several Internet protocols and defines its own protocol for hypertext
transfer called Hypertext Transfer Protocol (HTTP). To define the location of objects on the Web, it uses
Uniform Resource Locators (URLs). The standard format for hypertext documents on the World Wide
Web is the Hypertext Markup Language (HTML). To enable building gateways to databases and other
applications the Common Gateway Interface (CGI) was defined. For more interactivity on the Web
JavaScript and Java allow the integration of executable content into Web pages and with Plug-ins
documents of arbitrary type can be embedded into Web pages. As more and more sensitive data was
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transmitted over the Web, security mechanisms were needed and implemented. These components of the
World Wide Web are introduced in the next sections.

3.2.1 HTTP - Hypertext Transfer Protocol
The Hypertext Transfer Protocol (HTTP) is an application-level protocol that provides a fast and flexible
mechanism to retrieve units of information distributed on the Web. It is based on the Internet protocol
TCP/IP and HTTP servers usually listen on port TCP 80. The name Hypertext Transfer Protocol name
might be misleading as information units transported by HTTP may not only be hypertext, but every kind
of data such as images or sounds. Like most protocols on the Internet HTTP is a simple client-server
protocol. In a typical transaction an HTTP-client opens a connection to a server and sends a request. The
server replies to that request and the connection is closed again. Every request stands on its own and no
state can be maintained. Thus, HTTP is a connectionless protocol.
An HTTP request consists of a request method and a request-URL. The request-URL specifies a resource
on the Web in a standardized form. URLs in general and HTTP-URLs in detail are explained in the next
section. The request method indicates which method to perform on this resource.  Two important request
methods are:

• GET
This method is used by clients to request a document from a server. The server responds with the
requested document.

• POST
This method posts data to a resource. It is used, if information is sent from the client to the server. A
typical application of this method is the use in combination with CGI-scripts, which are described
below [→  3.2.5].

In addition to request method and request-URL, a request optionally includes a request header and request
data. The request header contains information like for example user authorization for access to non-public
documents, date and time of the request, or whether the request may be cached or not.
The server's response to a request consists of a response status code, a response header, and the data of the
requested resource. The response status code indicates whether the request was handled successfully. The
response header contains information about the response, such as when it was sent or whether it is
cacheable, and meta-information about the requested resource.
The version of HTTP that is supported by all clients and servers is HTTP/1.0. Several extensions have
been made to HTTP/1.0 and are commonly used. One example for such an extension is a mechanism that
allows a persistent connection between client and server for more than one transaction. The next version of
HTTP, HTTP/1.1 tries to standardize these extensions. To get detailed information about HTTP/1.0 refers
to [BFF96], for HTTP/1.1 refer to [Fie97].

3.2.2 URL - Uniform Resource Locators
A Uniform Resource Locator (URL) is a string representation of standardized format which uniquely
identifies an object on the Web. In general, the following syntax is used for URLs:

<protocol>//<user>:<password>@<host>:<port>/<url-path>

The <protocol> part defines the protocol used to access the object. Examples for standard protocols are:
• http: HyperText Transfer Protocol as described in the previous section

• ftp: File Transfer Protocol, used for file transfer from and to remote hosts
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• gopher: protocol to retrieve documents from Gopher servers

• news: protocol to access Usenet News news groups and articles

• telnet: protocol to launch Telnet sessions

<user> and <password> define user and password for the access of the object. <host> specifies the
host on which the object resides by its name or Internet address, and <port> the TCP port on which the
host is listening for requests for the document. For the case that <port> is omitted, each protocol defines
its default port (80 for http or 21 for ftp, for example). <url-path> gives a protocol-dependent
description of the object on the host. Depending on the protocol used all parts of the URL except the
<host> part may be omitted.
For the HTTP protocol <user> and <password> are not used. The <url-path> consists of the path of
the object on the host and optionally of a parameter part, a query part, and a fragment part. The valid
syntax for an HTTP-URL is:

http://<host>:<port>/<path>;<parameters>?<query>#<fragment>

The <parameters>  part is used to send arbitrary additional information to an HTTP server. The
<query> originally contained information for searches on the server and is used for the transmission of
HTML form data. The <fragment> part is not considered a real part of the URL as it is not sent to the
server. It is used to refer to a position in a document and must be interpreted by the client.
Examples for valid URLs are:

http://www.acme.com/products.html#sales
ftp://guest:guest@ftp.acme.com/pub/
telnet://admin@ftp.acme.com

The first URL identifies the document products.html  on the HTTP-server www.acme.com . If a client
loads the document, it should view the document starting at the position sales. The second URL points to
the directory pub on the FTP-server ftp.acme.com  for the user guest with the password guest. The
third URL allows a telnet session for the user admin on the same server. For comprehensive information
on URLs refer to [BMM94] and [Fie95].

3.2.3 HTML - Hypertext Markup Language
Documents on the World Wide Web may be of arbitrary format, but the format generic to the Web is the
Hypertext Markup Language (HTML). It was designed for the Web and allows the creation of interlinked
hypertext documents. HTML is an application of the Structured Generalized Markup Language (SGML).
SGML allows the definition of markup languages for structured document types. These definitions are
specified in Document Type Definitions (DTDs). The syntax of HTML is defined in such a DTD.
Like SGML-conformant languages in general, HTML was originally designed as a language to describe
the logical structure of a document rather than its physical layout. The idea was that HTML defines
structure and content of a document and the document's actual appearance is determined by the application
that displays the document. Consequently, documents are easily transportable between different
applications and systems.
As Web page designers demanded more control over the layout of their Web pages, Web browser creators
like Netscape and Microsoft started to offer their custom extensions to HTML. Many of these custom
extensions do not only define logical structure but also physical layout, such as colors or font styles. The
introduction of so-called style sheets should reverse this development. Physical layout can be defined in
style sheets, HTML is only used for logical structuring.
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There is no standard for HTML. The World Wide Web Consortium (W3C) defines recommendations for
HTML and the current recommendation is HTML 4.0 [RLJ98]. Unfortunately this recommendation is
currently only partially implemented by the Netscape’s and Microsoft’s Web browsers and the
implementations of the two browsers differ. Both browsers support W3C’s previous recommendation,
HTML 3.2 [Rag97]. Some general aspects of HTML will be briefly introduced here.

3.2.3.1 Syntax
HTML markups (or tags), the control elements in an HTML document, are enclosed in angle brackets (like
for example, <HTML>). In general they consist of a start-markup and an end-markup and enclose a portion
of text. An end-markup is defined by use of an additional slash (like </HTML>). Some HTML commands
do not have an end tag, for others the end tag may be omitted if it is redundant within the document's
context. In a start tag additional attributes can be defined as key-value pairs. The following example shows
the general structure of an HTML document:

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 3.2 Final//EN">
<HTML>
<HEAD>
<TITLE>A study of population dynamics</TITLE>
  ... other head elements
</HEAD>
<BODY>
  ... document body
</BODY>
</HTML>

The <!DOCTYPE> tag defines the HTML version used for the document, in this example HTML 3.2 as
defined by the W3C. The <HTML> markups enclose the whole document. In general, the document consists
of two parts: the optional document head enclosed by the <HEAD> element and the document body
enclosed by the <BODY> element.
The document head usually defines the document title and other attributes valid for the whole document. A
<META> tag allows the specification of arbitrary document meta-information. The document body holds
the actual document. A wide range of HTML tags allow the control and structuring of the document. They
can be divided in several groups:

• Headings
There are several levels of headings, which can be used to structure a document in chapters, sections,
subsections, etc.

• Structuring elements
Structuring elements allow to control the document structure. Examples for structuring elements are
paragraphs, lists, tables, quoted passages or passages of preformatted text.

• Input elements
Input elements like text fields, selection menus, check boxes and radio buttons can be used to build
input forms. Input forms provide a means for interaction on the World Wide Web. Users can use input
forms to send information from their Web browser to a Web server. A short description of this
mechanism is given in the section about CGI scripts [→  3.2.5].

• Font style elements
Font style elements can define either the logical or the physical style of a font. Examples for logical
styles are emphasized or strong emphasized font or a font style for citations. Physical styles include
bold, italic or underlined font. The <FONT> tag allows the specification of a font's size and color.



Chapter 3. World Wide Web 30

• Anchors
Links are the essence of hypertext. HTML implements links by the use of anchors, which are
integrated in the document text and allow the interlinking of documents. Two anchor types are defined.
Source anchors are starting points of links, which are usually rendered as clickable text by Web
browsers. Parts of documents can be defined as destination anchors to become endpoints of links. To
define a link from one document to another URLs are used in the source anchors.

• Inclusion elements
These elements allow the integration of images, applets, and Plug-ins in the document. For images so-
called image maps can be specified that allow the definition of regions in the image as clickable source
anchors. Applets [→  3.2.7] are Java programs and provide executable content in a Web page. Plug-ins
[→  3.2.8] allow the inclusion of arbitrary documents in a Web page.

The 4.x versions of the two most popular Web browsers, Netscape Navigator and Microsoft Internet
Explorer support all tags defined by the HTML 3.2 standard. They also support a number of additional tags
as defined in HTML 4.0. A well-known example for such a tag are HTML frames, which allow more than
one document to be displayed at once in a Web browser window.
A current buzzword in connection with HTML is Dynamic HTML (DHTML). DHTML allows to change
an HTML page once it is loaded and provides means for absolute positioning of objects on an HTML
page. That way the creation of animations or sophisticated user interfaces like pull-down menus becomes
possible. Technically, DHTML is not so much an extension to HTML by introducing new tags, it is the
interplay of HTML, style sheets, and a scripting language for HTML pages, such as JavaScript.

3.2.4 Style Sheets
As explained above, HTML was originally designed to structure a document's content rather than to allow
the exact specification of its layout. As Web page designers called for more control over the layout of a
document, more and more extensions were added to HTML. Many of these extensions mix logical content
with physical style and contradict the original aim of HTML.
Style sheets enforce the separation of content and style. They allow the designer of an HTML document to
specify the physical layout of HTML tags, like for example the font face and font size used for headings.
Users accessing the document can either use the style sheet that comes with the document or use their own
default style sheet, for example if they do not have the appropriate fonts installed.
Like for HTML there exists no standard, but only a recommendation for style sheets. This
recommendation by the World Wide Web Consortium is called Cascading Style Sheets, Level2 (CSS2)
[BLLJ98]. It defines far more complex possibilities than simple font definitions. For example, absolute
positioning and overlaying of objects becomes possible with CSS2. CSS2 is supported partially by the 4.x
versions of Netscape’s and Microsoft’s browsers.

3.2.5 CGI - Common Gateway Interface
Documents delivered by Web servers are static. They are files that do not change. As the Web evolved, its
users started to long for dynamic documents created on the fly on the server. For that reason, the Common
Gateway Interface (CGI) was introduced. CGI defines a standard for interfacing external programs with
Web servers. These programs are often called CGI scripts, although they are not necessarily scripts and
can be written in arbitrary programming languages. CGI scripts are addressed like normal documents by
the use of URLs. They output an HTTP response in real time, which is then sent back to the client by the
Web server. By this means, dynamic Web objects of arbitrary type can be created.
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By the use of input-forms, CGI scripts can respond to user input and a simple form of interaction becomes
possible on the Web. Input forms were briefly described in a previous section [→  3.2.3]. They provide a
means to embed user interface elements for data entry in Web pages. Available input elements are text
fields, checkboxes, radio buttons, and selection menus. Further there are buttons to either reset the form or
to submit it to a URL. This URL usually addresses a CGI script. The CGI script receives the data of an
input-form either through the query part of a URL or through the use of an HTTP POST method. It can
then output an HTTP response depending on the received data.
The range of possible applications of the combination of fill-out-forms and CGI scripts is wide. Databases
can be made accessible through the World Wide Web. Simulations can be run based on user input and
their results presented to the user. Companies can provide credit card product order services. In short, the
Web becomes an interactive medium instead of a static information presentation system.

3.2.6 JavaScript
As the usage of HTML grew, the need for programming language type features for HTML emerged. As an
equivalent to CGI-scripts, which allow server-side scripting, a tool for client-side scripting was needed.
HTML authors wanted to be able to use condition and loop statements to build their Web pages and to add
interactive features. JavaScript was the answer to this demand and it has been supported in various
versions by Netscape Navigator since its version 2.x and Microsoft Internet Explorer since its version 3.x.
JavaScript was developed by Netscape and was originally called LiveScript. Its name was changed to
JavaScript, when Java became increasingly popular as the programming language of the Web, although
there are not many similarities between the two languages.
JavaScript's syntax is object-based, terse, and supposed to be easy to learn.  JavaScript code is embedded
in HTML pages by use of the <SCRIPT> tag. Web browsers interpret and execute JavaScript on the client.
JavaScript can be used for example to respond to user events such as mouse-clicks, form input, and page
navigation and to generate Web pages or parts of them.
JavaScript solves many frequently needed tasks, such as the verification of input-forms, the provision of
multiple browser windows, or the display of warning messages. In short, it is a powerful tool to add
intelligence and interactivity to HTML pages in a simple fashion.
Today, JavaScript is not only used in Web browsers, but also in other contexts. Netscape Enterprise Server
and Hyperwave Information Server are two examples for Web servers that use JavaScript for dynamic
server-side HTML creation. [Fla98] provides a good introduction to the language JavaScript in general and
for the use of JavaScript in Web browsers.

3.2.7 Java
While JavaScript allows simple and powerful scripting in Web pages, with Java full-fledged programs can
be delivered through the World Wide Web and can be run fully integrated in an HTML page. Such Java
programs are called applets. By providing the possibility to embed executable content in Web pages, they
are a powerful alternative to CGI scripts: server programs can now run on the client instead of on the
server. Java applets also provide means for far more sophisticated user interfaces than HTML input-forms
provided in combination with CGI scripts. With applets interaction on the Web becomes more flexible and
elegant.

3.2.8 Plug-Ins
Plug-ins are extensions to Web servers, which allow documents of arbitrary type to be embedded in Web
pages. If a user retrieves a document over the Web, which cannot be viewed by the Web browser, as for
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example a PDF document, usually an external application is opened, which views the document. If a Plug-
in is installed, the document can be shown in the Web browser window. Plug-ins can be another way to
add interactivity to Web pages. An example for this is the Plug-in Shockwave provided by Macromedia,
which allows the embedding of interactive Director applications [→  1.4] in Web pages.

3.2.9 Security Mechanisms
Today various sensitive information is transmitted over the World Wide Web. A common example is the
transmission of credit card numbers. The Internet as the foundation of the World Wide Web does not
provide built-in security. For secure WWW data transfer additional mechanisms have to be provided. The
Secure Socket Layer protocol (SSL) is such a mechanism. It is implemented by the two most popular Web
browsers, Netscape Navigator and Microsoft Internet Explorer.
SSL uses RSA public key cryptography to implement secure communication. It is layered beneath the
World Wide Web protocols such as HTTP, Telnet, FTP, Gopher, or NNTP, and layered above TCP/IP.
This strategy allows SSL to operate independently of the World Wide Web protocol. The implementation
of SSL for HTTP is called HTTPS and uses TCP port 443. With HTTPS implemented on both client and
server, WWW communication is protected with three security features:

• Server authentication
The SSL server authentication mechanism makes sure that a server really is the server it pretends to be.
This is achieved by the use of digital certificates issued by trusted third parties known as certificate
authorities. Server authentication thwarts fraudulent servers simulating the behavior of other servers.

• Privacy
After a connection to a trusted server is built up by the use of server authentication, all subsequent sent
data is encrypted. This way eavesdropping is prevented.

• Data integrity
The use of SSL ensures that the data arriving at one communication endpoint is really the data sent
from the other endpoint. That way tampering of data during transmission is prevented.

For detailed information on the specification of SSL in its current version 3.0 refer to [FKK96].

3.2.10 Servers
There is a wide range of different Web servers available. Netcraft’s Web server survey from October
19983, in which more than 3 million servers were surveyed, shows that three server products hold more
than 80 percent share of the market. The shareware Web server Apache holds more than 50 percent, the
commercial products Microsoft Internet Information Server and Netscape Enterprise Server hold about 20
percent, respectively 10 percent. Microsoft’s and Netscape’s Web servers come with a range of tools,
which help with information management and server administration, while Apache does not provide such
tools.
All three servers store documents in the file system of the host. This becomes problematic, if large
amounts of documents have to be handled. For such applications, two solutions exist. A database with a
Web gateway can be employed, like for example Oracle with its Web gateway Oracle Web Listener.
Alternatively, second generation Web servers can be used, which tightly integrate a document database
and Web access. Hyperwave as an example for a second generation Web server will be described in a
separate chapter [→  chapter 5]

                                                  
3 Netcraft’s Web server survey can be found at http://www.netcraft.com/survey
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3.2.11 Clients
There is a large number of World Wide Web clients or Web browsers, as they are often called, available.
They differ in their support of the various features the World Wide Web offers. For example some support
extensions made to HTTP and HTML, while others do not. The most common Web browsers are the
Netscape Navigator and Microsoft Internet Explorer. They will be described in this section together with
Mosaic. Mosaic is hardly used anymore, it is described as the ancestor of all current Web browsers.

3.2.11.1 Mosaic
Mosaic, developed at the National Center for Supercomputer Applications (NCSA) in Illinois was the first
Web browser providing a mouse driven graphical user interface. It was released in 1993, was available for
Microsoft Windows, MacOS and various Unix platforms, and soon became the Web community's most
used browser. The situation remained like that until late 1994, when Marc Andreessen, main developer of
Mosaic, left NCSA to found Netscape Communications Corporation and released Netscape Navigator.
From then on, Mosaic was further developed for a while, before development completely stopped. As all
subsequent Web browsers adopted Mosaic's main functionality, it will be described here as it came with
version 2.0. Mosaic 2.0 was released by the end of 1993 and supported the following features:

• Graphical user interface
Mosaic offered a mouse driven, menu-based, graphical user interface. Hyperlinks were highlighted and
could be followed by simple mouse clicks.

• HTML and multimedia support
Mosaic interpreted HTML tags by using customizable font faces and font sizes. It supported input-
forms and was able to render inline images. For other data types like postscript, sound, or video, it was
possible to specify external applications  as viewers.

• WWW protocols
Mosaic used HTTP/1.0 for data transfer. Additionally it supported ftp, wais and gopher. For telnet and
mail it was possible to specify external applications.

• Navigational aids
Mosaic displays already visited links in a different color (footprint feature). All displayed Web pages
are stored in a history list, which allows the user to step back to previously visited Web pages.

3.2.11.2 Netscape Navigator
In late 1994 Marc Andreessen left NCSA, founded Netscape Communication Corporation, and continued
the development of Mosaic under its new name Netscape Navigator. Netscape Navigator became available
on all important platforms and was the most widespread Web browser with a market share of more then
fifty per cent until recently. Its current version 4.0x is shipped as a part of Netscape Communicator, which
consists of various components. These components include:
• Netscape Navigator, the actual Web browser.

• Netscape Messenger Mailbox for reading email.

• The newsreader Netscape Collabra Discussion Groups.

• The HTML editor Netscape Composer.

• Netscape Conference, a tool for synchronous communication, featuring text chat, audio chat, and a
shared whiteboard.
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These components are tightly integrated building an environment for Web and Internet usage. Hyperlinks
can lead from Web documents to mail and news and vice versa, documents can be created with Composer
and directly uploaded to Web servers.
The browser component Netscape Navigator provides additional functionality compared to Mosaic, the
most important of which is:

• Plug-ins
As described before, Plug-ins are extensions to a Web browser, which allow the embedding of
arbitrary document types in a Web page. There is a wide range of Plug-ins available from third party
vendors. Examples for Plug-ins are Adobe’s Acrobat, which allows to view PDF documents within a
Web browser, or Macromedia’s Shockwave, with which application created with Macromedia
Director [→  1.4] can be embedded in Web pages.

• Security
Netscape Navigator implements HTTPS [→  3.2.9] to provide secure transactions on the Web.

• Bookmarks
Netscape Navigator allows to set bookmarks on Web pages the user wants to remember. These
bookmarks are hierarchically organized and a What's New function allows to find out whether
bookmarked documents have changed since the last time the user has visited them.

• Java and JavaScript
Netscape Navigator supports Java (JDK 1.1) and JavaScript 1.3.

• Customizability
Netscape Navigator is highly customizable. Personal preferences can be set on the user interface
appearance, on document caching methods, on document encoding, security settings, etc.

• Authoring
As mentioned before, Netscape Composer provides comfortable WYSIWYG HTML-authoring.
HTML documents can be created or modified and uploaded to a Web server that supports this
functionality.

3.2.11.3 Microsoft Internet Explorer
Recently, Microsoft Internet Explorer has become the most used Web browser, although it is, in opposite
to Netscape’s product, only available for selected platforms including Microsoft Windows and MacOS. At
the time of writing, the current version of Internet Explorer is 4.0 with beta-versions of 5.0 available. In
contrary to Netscape Communicator, Internet Explorer is only a Web browser. However, it can be tightly
integrated with Microsoft’s various Internet applications (e.g. MS Outlook for email, MS Netmeeting for
video conferencing and synchronous communication) to provide a similar Web usage environment as
Netscape Communicator. The functionality of Internet Explorer is very similar to that of Netscape
Navigator. Differences worth mentioning are:

• System Integration
As both Internet Explorer and Windows are products of Microsoft, the Windows version can be tightly
integrated in the operating system. The local file system and the World Wide Web merge and users can
browse the local file system in the same fashion as the Web.

• ActiveX
ActiveX provides an alternative way to Java to include executable content in Web pages. Because it is
not supported by other Web browsers, it is not very widespread at the time of writing.
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• Scripting Support
As an alternative to JavaScript, Internet Explorer additionally provides VBScript as scripting language
for HTML pages. Like ActiveX, VBScript as Web scripting language is not widespread, because it is
not supported by other Web browsers.

3.3 Shortcomings of the World Wide Web
Experiences with the World Wide Web as a first generation hypermedia system show, that it is a feasible
technology for presenting small, self-contained material. Users as information consumers can keep an
overview of such material and information providers can maintain it. If the number of presented
documents grows, several problems emerge. These problems can be seen from three different viewpoints
[Kap96a].
• Architectural weaknesses

• Problems for readers

• Problems for authors

In the following section, I want to describe these problems and outline possible solutions to them. In
chapter 5, I will come back to these problems and describe in more detail, how Hyperwave as a second
generation hypermedia system overcomes them.

3.3.1 Weaknesses of the System Architecture
When Tim Berners Lee proposed the World Wide Web in 1991 and designed its rather simple system
architecture, he probably did not think that only seven years later millions of Web servers would exist all
over the world, and that there would be single servers that provide several millions of documents.
Therefore it is no surprise that there are several weaknesses in the system architecture of the World Wide
Web, which did not cause problems when there existed a few hundred servers with a maximum of a few
thousand documents and links each, but which cause serious problems today.
On the other hand it was probably the simplicity of the World Wide Web that caused its quick rise and its
exponential growth, while other more sophisticated, but also more complex systems developed at the same
time, like for example Hyperwave (see chapter 5) were not as successful. The major problems of the
World Wide Web's architecture are discussed in the following sections.

3.3.1.1 Object naming
As described in section 3.2.2, Uniform Resource Locators (URLs) are used to access objects on the World
Wide Web. The problem with URLs is that they are addresses describing the physical location of objects
instead of names of objects. For a distributed hypermedia system this is a fundamental flaw and has severe
disadvantages. Firstly, if an object changes its physical location also its URL changes and all references to
the object become invalid. Secondly, URLs cannot describe multiple instances of an object, so that copies
could be created of popular and frequently accessed documents.
The solution to this problem is the replacement of URLs by Uniform Resource Names (URNs), which are
persistent names independent of the physical location of an object. URNs allow location transparency.
That means, objects can be moved in the information space and multiple instances of objects can be
provided without name conflicts.
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3.3.1.2 Link consistency
In the WWW data model links are unidirectional and are embedded in documents as pointers to URLs. If a
document on the Web is deleted or moved to a new URL, all links pointing to it become invalid. The only
way to find out whether links point to a document is to parse all documents on the Web and therefore not
possible. The consequences are obvious: with time more and more documents will be deleted or removed
and the number of invalid links will increase. Maintaining link consistency becomes an impossible task.
To solve this problem, links have to be stored separated from documents and they have to be stored as bi-
directional relations between documents. This allows keeping track of all incoming and outgoing links of a
document. Invalid links can then be not displayed and users can be notified if they delete or move a
document for which links exist in other documents.

3.3.1.3 Object Meta-Information
Meta-information or attribute information of an object is information about an object, such as for example
its title, author, document type, keywords, or creation and modification date. In the original design of the
World Wide Web, there are no means to attach such attributes to an object. When this was needed later,
the HTML-tag <META> was introduced, which allows the definition of object meta-information within an
HTML document. This approach is unsatisfying and flawed: Meta-information can only be attached to
objects of type HTML and is not searchable.
Second generation hypermedia systems should store meta-information separated from objects, so that it
can be attached to all documents. The meta-information should be indexed to allow efficient queries on it.

3.3.1.4 Searching
The World Wide Web does not define searching in its protocol, so a vast number of different
implementations can be found which allow local searches of the content of single Web servers.
Inconsistent user interfaces and search methods are the result.
Global search engines such as Altavista, Lycos, or Infoseek follow a different approach to make the World
Wide Web searchable: they try to maintain an index over the whole Web to allow global searches.
Indexing the whole Web with its exponential growth obviously causes problems. Search results of global
search engines are often outdated, because indexing cannot keep up with the growth of the Web.
Additionally global searches usually result in far too many found documents and users can easily feel
overwhelmed. The lack of meta-information of objects also means that both local searches and global
searches are limited to fulltext searches of text documents.
For more efficient searching a uniform search method has to be defined in the hypermedia system's
protocol. Mechanisms have to be provided that allow users to narrow their searches, for example by
defining search scopes, i.e. parts of hyperspace which are to be searched.  Searchable meta-information to
objects has to be provided, to allow more meaningful searching.

3.3.1.5 Transfer Protocol
HTTP, the transfer protocol of the World Wide Web (see section 3.2.1) was created to be simple and easy
to use. With the development of the Web, several changes have been made to HTTP. It has become more
complex and weaknesses in the original concept have become obvious:
• HTTP is a connectionless protocol, that means a client opens a connection to a server, requests a single

document and closes the connection as soon as it has received the document. This behavior does not
match very well with HTTP's underlying protocol TCP. Opening and closing TCP connections is
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costly and TCP uses a slow-start mechanism to prevent network congestion, which means that on a
newly opened connection data is transferred slowly.

• As a connectionless protocol, HTTP is bound to be a stateless protocol. No state of a client can be
maintained on the server. Therefore, all information of the client has to be passed to the server with
every request.

• HTTP is a human-readable protocol. This might have been useful in the early days of the Web, but
today, where HTTP communication is completely transparent to users, it results in unnecessary
protocol overhead. A binary protocol would be more compact and efficient.

The problems of HTTP have been recognized and various extensions to HTTP were proposed to solve
them. HTTP/1.1 implements a mechanism for connection-oriented data transfer and Netscape's HTTP-
Cookies provide a means for stateful client-server communication. The proposed successor of HTTP,
HTTP-NG [Spe96] is designed as an efficient binary, connection-oriented, and stateful protocol.

3.3.2 Problems for Users
The World Wide Web has become a very large-scale hypermedia system and the prevalent problem of its
users is that they can easily lose their path through the presented information and become disoriented. This
problem is usually referred to as the getting lost in hyperspace syndrome. It is an inherent problem of
hypertext and hypermedia systems and has been described in the hypertext chapter of this thesis [→  2.4.2].
The only intended way of navigation in the World Wide Web is browsing, that means accessing a
document by following a link in another document. What a user sees at one moment is the current
document and its outgoing links. He cannot see the current document in its context.
Standard Web servers do not offer any mechanisms to provide navigational aids, so this can only be
offered by Web clients. The common Web browsers provide the user with retrospective orientation help as
described in section. The footprint feature indicates already visited documents by rendering the links to
these documents in a different color. The history list allows to go back to previously visited documents,
and users may set bookmarks to documents they want to visit again. These navigational aids are often not
enough for preventing users from getting lost in hyperspace. Additional mechanisms to provide Web users
from getting disoriented [→  2.4.2] have to be provided.

• Overview Maps
The architecture of standard Web servers does not allow the automatic creation of overview maps,
because of its unidirectional links. Therefore, overview maps have to be handcrafted, which means that
they have to be updated, every time the document structure changes on the server. To allow automatic
creation of overview maps the link relations between documents have to be stored separated from the
documents.

• Organizational Links
The World Wide Web does only support one type of link. Standard Web servers do not provide
organizational links to impose structure on their documents. Interestingly, although documents on a
standard Web server are stored in a hierarchy – the file system of the server, this hierarchy is usually
hidden for the information user. Advanced Web servers should provide typed links. On the Web, these
links can be visualized in different colors or by the use of additional icons.

• Searching
An important navigational means for the access of large-scale hypermedia systems is searching. As
described above, the World Wide Web does not define searching in its protocol, which causes several
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problems. To allow efficient searching for hypermedia systems a seamlessly integrated search
mechanism has to be provided.
For efficient searching users also have to be able to define which part of hyperspace they want to
search. Hierarchically structured information is useful in this context because it allows users to narrow
their search scope to certain parts of that hierarchy.

• The Web is Read Only
Besides navigational difficulties, another drawback of the World Wide Web is that it was originally
designed as an information provision system. A few authors provide information for users of a Web
server and information consumers are read-only users. There is no way for them to leave feedback or
questions about the provided information.
Second generation hypermedia systems should create multi-user multi-author environments and
overcome the strict distinction of information consumers who can only read information on one hand
and information providers on the other.

3.3.3 Problems for Authors
The effort for information providers to maintain information on a WWW server is warrantable, as long as
there are only a few hundred to a few thousand documents and links on a WWW server. With a growing
number of documents and links, problems arise that make information provision on a Web server difficult,
if not unmanageable.

• Link Maintenance
As described above one of the architectural weaknesses of the World Wide Web is that links are
unidirectional and embedded in documents. Therefore, moving or deleting documents will break link
consistency if the documents are referred to by links in other documents. Information providers need
tools which maintain link consistency automatically or at least produce warnings if link consistency is
broken.

• Document Maintenance
In a highly dynamic information space, many documents are only valid for a certain period or they are
changed frequently. On the Web, documents that are only valid for a certain period have to be deleted
or moved to a different location manually. Because this is sometimes forgotten but more often simply
not done, the Web is full of outdated documents. To help information providers with this task, methods
have to be provided that allow to attach expiry dates to documents and to define what should happen to
a document on expiry.
If documents are frequently changed, their version history might be of interest. Keeping track of
document versions has to be done manually on a Web server. To reduce the workload of information
providers second-generation hypermedia systems should be able to do this automatically.

• Access Control
Access to the World Wide Web is anonymous. If information is provided on a Web server, it is
accessible by every user on the Web. This causes several problems for information providers. Often
documents provided on an information system should only be accessible to certain users or groups of
users because their content is confidential or because of copyright issues. Also providing information
that has to be paid for is only possible, if an access control mechanism exists.
With additional tools such as CGI scripts Web servers can be enhanced to support access control, but
this involves additional work and users have to struggle with different implementations and interfaces
on different servers. Therefore, second-generation hypermedia servers should provide fully integrated
user access mechanisms.
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• Cooperative Authoring
Information on a large hypermedia system is in general not written by a single author, but is a product
of cooperation of many authors. For a Web server usually a designated Webmaster exists, who defines
directories in the file system of the Web server, which are accessible through the Web. Authors can put
documents to be published in these directories. The disadvantages of this approach are obvious. Every
author needs access to the Web servers file system, the possibilities of collaborative authoring depend
on the access control mechanism of the underlying file system, and concurrency problems evolve if
two authors work on the same document.
These problems can be solved if documents are not stored in the file system of a Web server, but in a
separate document database. Then write access control mechanisms can be provided to support
collaborative authoring.

3.4 The World Wide Web and Education
In the last years, instructors have discovered the obvious usefulness of the World Wide Web for
educational purposes. Teachers of all knowledge fields have started to use the Web in their courses and
have created an abundance of lecture material on the Web. The World Lecture Hall4 is a collection of such
material and provides a library of lecture material sorted by knowledge fields.
The material found in the World Lecture Hall and similar collections is very heterogeneous. Some of it is
of excellent quality making use of the Web’s advantages, some of it misuses the Web as an electronic
textbook for information that could as well be provided in printed form. Often the quality of the material is
far below the quality of a typical textbook. We encounter a problem already observed for CAI in general.
Because it is easy to author material on the Web, many instructors start to create material, who have never
considered pedagogic or design issues of Web based course material. Th result often is material of
questionable quality.
Courses making use of the Web can be categorized by the extent of WWW integration in classes and
lectures. A short look at a sample of the variety of courses provided on the Web shows the wide range of
Web usage that can be found, reaching from simple provision of lecture notes and lecture support material
to fully integrated and interactive learning and teaching environments.
Most WWW supported courses use the Web as a material repository. Course material is made available as
electronic documents on the Web in addition to or instead of printed material. Some courses only provide a
textbook to the lecture in electronic form, others make material available on the Web that would be printed
in traditional courses such as syllabuses, handouts, homework assignments or calendars. Some courses
offer materials on the Web that have been used in the classroom, such as overhead transparencies or
blackboard contents. Others offer additional materials students would not otherwise receive, such as
collections of frequently asked questions and their answers, or links to related material already existing on
the Web. The advantages of Web support are obvious. Accessibility of lecture material increases,
multimedia allows to enhance the material, the use of hypertext allows the interlinking of related material,
and authoring of quality lecture material becomes easier.

3.4.1 Accessibility
Setting up World Wide Web support for a course is simple and cheap. All that has to be provided is a Web
server for the course material and access for students to computers and the Internet. Many educational

                                                  
4 The World Lecture Hall is provided by the University of Texas at Austin and available at
http://www.utexas.edu/world/lecture .
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institutions already run Web servers, and more and more people own computers and have access to the
Internet.
All that students need to access the course material is a computer connected to the Internet and a Web
browser. They then have virtually unlimited access to the course materials and can access them
independent of place and time. Learning is possible anytime and anywhere. That way, students can work
from wherever they have access to the Internet and whenever they want. Access restrictions, like in a
library, which only offers certain opening hours and just a limited number of copies of an individual book
or document, become irrelevant. Ideally all important course materials of a Web delivered course are
stored in one central location, so that students do not have to handle several textbooks, hand-outs, their
own notes, etc. This can help students to maintain a better overview over the course and becomes
particularly helpful in examination preparation times. Further, students can be given access to course
materials from previous years, such as exemplary assignment solutions from other students.

3.4.2 Multimedia
In the CAI chapter of this thesis, the use of multimedia in CAI has been discussed briefly [→  1.2.1]. The
Web allows providing documents of all kinds of media. Various formats for images, sound, and video
exist, and sophisticated compressing algorithms have been developed allowing the use of these types of
media with relatively low bandwidth. Animations and simulations can be programmed in Java or they can
be provided by the use of appropriate Plug-ins. VRML (Virtual Reality Modeling Language) has become a
standard for the provision of three-dimensional objects across the Web.

3.4.3 Hypertext
The Web as a hypertext and hypermedia system allows interlinking of lecture documents in an associative
way. Footnotes, glossary entries, and other references can be made easily accessible through links as well
as already existing related material on the Web. The various possibilities of hypertext have been discussed
in chapter 2.

3.4.4 Authoring
The Web offers the possibility to create high-quality presentations of lecture material and allows the
inclusion of non-printable media types as described previously. The effort involved in creating this
material is warrantable. With WYSIWYG HTML authoring tools preparing material for the Web is as easy
as preparing properly formatted printed hand-out material. If technical equipment such as a LCD panel for
overhead projectors is available during lectures, Web pages can be created instead of overhead
transparencies. These Web pages are used in the classroom and can be made accessible through the Web.
Existing material can be adapted for use on the Web. Tools exist, which can convert various electronic text
formats to HTML. Printed text can be scanned and converted to electronic text by the use of OCR. Images
can be scanned and sound and video can be digitized and provided on the Web. Additionally, for most
disciplines usable material already exists on the Web.
Once lecture material is prepared, spreading it becomes much easier than spreading printed material. New
course documents can be uploaded to the Web server from wherever Internet access is available and at any
time. As soon as an instructor puts material on the class' Web server, it is accessible to all students. No
printing, xeroxing and handing out of the material is necessary.
As mentioned before, the simplicity of authoring Web-based lecture material also holds the danger, that
people start to author such material without considering pedagogic or design issues. Of course, also Web-
based lecture material can always only be as good as its author.
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4 Web Based Training Systems
As described in the previous chapter [→  3.4], the World Wide Web is increasingly used for educational
purposes. In many cases used as a presentation medium only. In other cases, instructors also use the Web
to offer possibilities for students to give feedback, ask questions, and share experiences. By the use of
email and discussion groups, an online class environment can be built in addition to the traditional
classroom environment. In such an online environment, communication between students, tutors, and the
teacher or between fellow students can take place independent of classroom meetings.
Systems, which allow the provision of classroom-free courses over the Web by providing integrated online
class environments with communication and course management support are called Web Based Training
systems, or simply WBT systems. (Sometimes the terms Internet Based Training (IBT) or Web Based
Instruction (WBI) are used instead of Web Based Training.) Courses provided with WBT systems can
replace traditional courses held in a classroom. Instead, such courses take place in virtual classrooms.
They are often offered as distance education courses with no face-to-face meetings of participants. All
course material is delivered through the Web and all communication between students and teachers, like
asking questions, giving feedback or handing in assignments, is done by use of the Web.
In this chapter, requirements for WBT systems are discussed. Then two current WBT systems - TopClass
by WBT Systems and WebCT by WebCT Educational Technologies are described. TopClass and WebCT
have been tried out carefully, both as a student and as an instructor. The two systems have been chosen
from the pool of existing WBT systems, because they were the most frequently recommended and cited
tools in various informal revisions and comparisons found on the Web5. AT least this was true at the time
of writing of this text. (summer and fall ’98)
Note that a large number of WBT systems have been released recently, and that some of them might be
superior to TopClass and WebCT in functionality. The last section of this chapter gives a brief overview of
existing WBT systems with links to further information about these systems.

4.1 Requirements for WBT Systems
While, compared to printed material, the World Wide Web offers various advantages, instructors who
prepare courses on the Web soon come across several problems. Some of these problems have already
been described in the section about general problems of the World Wide Web [→  3.3].
The Web does not offer suitable navigational aids to prevent students used to linear text from getting lost
in the course material. Access to a Web server is anonymous, so restricting access to certain course
documents to individual students is impossible as well as logging individual students' actions. The Web
does not provide means for interaction, cooperation, and collaboration. All these problems can be solved
by various tools, but as soon as more than a handful of students, classes, and courses have to be managed,
an integrated solution is needed – a WBT system.

                                                  
5 See for example:
http://www.pemba.utk.edu/weblearning/reviewasych.htm  ,
http://www.umanitoba.ca/ip/tools/courseware/index.html  ,
http://www.ctt.bc.ca/landonline  , or
http://sunil.umd.edu/documents/webtools/coursetools.htm  .
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This section provides an overview of requirements that should be covered by WBT systems. These
requirements are organized in five groups.

1. Requirements for the course material
2. Communicative and collaborative requirements
3. Requirements for test, examinations, and assignments
4. Course administrative requirements
5. Requirements for offline use

In the following sections existing WBT systems will be matched against these requirements.

4.1.1 General
A WBT system provides a virtual classroom environment. This requires course material on one hand and
users on the other. Identified access - by the use of some user account and a password - to the system is
necessary to distinguish between users. Typically, four different user roles are available: Students,
instructors, course authors, and administrators.
Students learn from the course material. They are mainly readers, although they might also contribute to
the course material. Instructors support the students’ learning process by means of communication. Course
authors provide the course material. In many cases, the roles of instructors and course authors overlap. In
addition to instructors, the roles of tutors and markers may be supported. Tutors and markers support
instructors with some of their tasks. The responsibilities for administrators are for example the creation and
management of users in the system. The roles of instructors and administrators can also overlap in many
cases.

4.1.2 Course Material
The course material consists of all the documents of a course. On a standard Web server, these documents
are stored in the Web server’s file system and can be arbitrarily interlinked. For a WBT system, this is not
satisfying. The course material should be somehow structured, learners should get navigation help, and the
course material should be presented in a uniform layout.

4.1.2.1 Structured Material
As discussed before, heavily interlinked hypertext material can cause confusion for the learner. While a
WBT system should allow the use of hyperlinks in the course material on one hand, it should provide
guidance through the material on the other hand – especially for new and inexperienced learners. From
books learners are used to hierarchical structures – chapters, sections, and subsections. Similarly
hierarchies can be used to structure material in a WBT system. A hierarchical structure also defines a
linear sequence through the material, so that the user can be provided with functionality such as “go to
next document”, or “go to previous document”.

4.1.2.2 Navigation
As described before [→  3.3.2], the intended way of navigation in the World Wide Web is browsing, that
means accessing documents by following links in other documents. Web browsers only provide
retrospective orientation help, such as bookmarking and a history list. Students used to linear text easily
get lost in the course material. WBT systems have to provide additional navigational facilities to help
students reading the course material:
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• Overview Structure
Students must be able to get an overview of the entire course. If the course is structured hierarchically,
an overview similar to the table of contents of a book can be created. Alternatively, the material can be
arranged in a web-like hypertext structure. Then overview maps as discussed in the hypertext chapter
of this thesis [→  2.4.2.1] can help students to get orientated.

• Indication of Already Read Material
When students read a linear, printed textbook, they always have an idea of how many pages they have
already read and how many pages there are still to read. WBT systems should maintain similar
information. In the table of contents or an overview map it can be visualized, which documents have
already been read and which have not. That way it can be avoided that students forget to read specific
documents because they never followed a link to them. This footprint feature has been described
before and is supported by common Web browsers. Web browsers store the information about already
read documents on the client, so it is only maintained correctly, if a student always accesses the WBT
system from the same client. If the footprint information is maintained by the WBT system itself, a
student can access the system from different clients. This information can then also be made available
to others, e.g. to course instructors.

• Link Types
Another navigational aid that can be supported by WBT systems is the use of different link types. Link
types such as glossary links, links to examples, or links to external sources can be visualized
differently, for example by using different colors for the anchor text. That way, students know what to
expect when they follow links.

• Adaptive Links
Not all possible reading orders of the course material necessarily make sense. Some documents might
not be understandable for students before they have read other documents. Links to these documents
should be avoided until the students are prepared to read them. On the other hand, some links can be
omitted during the time a student reads the course material, as they become superfluous, like for
example links to introductory nodes. WBT systems should support the management of links, which are
adaptive to the students knowledge or to other parameters.

• Search Facility
In a WBT system, all course material should be searchable. On one hand, course documents should
have searchable meta-information attached, such as keywords. On the other hand, the course content
should be fulltext indexed. Some WBT systems provide background libraries, additional material for
the course, which is also searchable. Searching is an important navigation alternative to browsing, if
students want to find information on a certain topic or if they want to return to a document, which they
have already read.

4.1.2.3 Uniform Document Layout
All course documents provided by a WBT system should be presented in a uniform layout. This uniform
layout should include user interface elements to access the functionality provided by the WBT system
when a course page is visited. For example, navigation buttons, which allow to visit the next document or
the previous document in the document sequence, or buttons to get back to the table of contents of the
course or to invoke a search of the course material.
Such a uniform document layout provides a common look and feel of a course that also serves as a
navigational aid. If every document of the course is presented in that layout, it is obvious for students,
when they have followed a link to external material on the Web.
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A WBT-system should clearly separate course content and course layout. Authors must not be responsible
to include links to system functionality in the course material they prepare. Authors publish “plain”
documents to the WBT system, course participants retrieve these documents embedded in a template
provided by the WBT system.

4.1.2.4 Individualized Course Material
One of the basic ideas of CAI was to provide individualized learning. With a CAI system, a student should
be able to learn, as if he had a private tutor. WBT systems should provide individualization of the course
material, so that courses can be adapted according to a student’s performance. Then instructors can choose
for each student, which parts of the course he should be able to access and which not. This task can be
automated to a certain degree. For example, the course can be adapted according to a student’s
performance on tests. Documents can be added to the course material of a student, if he fails a test. On the
contrary, documents can be removed from the course, if he does exceptionally well on a test. Generally,
the WBT system should maintain some kind of profile for each learner. Based on these profiles, the course
can be adapted to that learner’s specific needs.
Another possibility of individualization is the support of adaptive links and documents. Adaptive links
have already been described above as a navigation aid. Like links, documents can also be adaptive. For
example, a document can contain informal terms when read by a student in the beginning of a course, but
contain more technical terms when the student has gathered more experience. The document is
individualized according to a student's knowledge. Documents can also be individualized according to
other parameters, such as to a student's preferred media type. For example, students who prefer textual
information are presented with text, while students who prefer audio information are presented with the
same information as a recording of a reader’s voice.
The mechanisms described above allow the course material to be adapted by an instructor or the system.
Additionally, students themselves should have the possibility to individualize their coursework. Like
students make notes on printed material, they should be able to make notes in the coursework, highlight
parts of the material, or create links to other resources. In chapter 7, these functions will be discussed in
more detail.

4.1.2.5 Authoring
WBT systems do not necessarily have to provide authoring tools, which allow the creation of single course
documents. The format of such documents is typically HTML and there is a wide range of tools for HTML
editing available. A WBT system should rather be open towards various Web technologies. It should be
possible to import any Web-enabled material into courses. Examples for such material are JavaScript
scriptlets, Java applets, or objects embedded in Web pages by the use of Plug-ins.
While tools for authoring of single documents are not a necessary element of a WBT system, there must be
means to author the structure of the whole course. It must be possible to import documents, to create
chapters and subchapters, to define the sequence of documents in a chapter, to move documents from one
chapter to another, etc. WBT systems also have to provide some possibility to create tests and quizzes.

4.1.2.6 Reusability
Course material provided in a WBT system should be reusable. Documents or whole chapters for one
course should be easily usable in another course. Ideally, an instructor can create a new course by taking
most of the material for the course from a large course library, which is maintained by the WBT system.
Reusability is an important issue to make Web Based Training cost effective.
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4.1.3 Communication and Cooperation
Communication is vital in WBT systems. The possibilities of communication between all course
participants is important to create a virtual classroom, a learning and teaching environment resembling the
traditional classroom. Two types of communication can be distinguished, asynchronous and synchronous
communication.

4.1.3.1 Asynchronous Communication
The best example for asynchronous communication is email. A sender sends an email to a recipient. When
the recipient checks his mail the next time, he can answer it. In contrast to synchronous communication, it
is not necessary for both parties to meet at a certain time, hence the term asynchronous. There are different
ways, how asynchronous communication can be implemented.

• Messaging
Messaging allows course participants to send messages to each other. In the simplest case, messaging
can be provided by email. A better solution is that WBT systems provide their own integrated
messaging. Then students do not necessarily need an email account and specific needs of messaging in
an educational environment can be met.

• Feedback and Questions
Students should be able to give feedback about the course and to ask questions. Feedback and
questions should then be available to other course participants. Public annotations can provide this
functionality. Like personal notes, students can attach feedback and questions to course documents.
They can then define, who should be able to read this information, like for example the whole class, or
only teachers and tutors of the class. A notification mechanism is needed to inform teachers, if
questions have been asked about a course document. In chapter 7, annotations are discussed in detail.

• Discussion Forums
Discussion forums have to be provided to support electronic discussions. In electronic discussions
class participants can discuss course topics and share experiences. Students can learn from each other,
instructors can answer questions or intervene if discussions take a wrong direction. The
implementation of discussion forums might look similar to Usenet News newsgroups, but discussions
should be tightly integrated in the course environment, so that for example, discussion articles are
archived and searchable in the WBT system.

4.1.3.2 Synchronous Communication
For cooperation and collaboration between class members who never meet face-to-face, such as students in
a distance-education class, asynchronous means for communication and cooperation might not be
sufficient. Tools for synchronous communication, such as text and audio chat facilities, whiteboards, or
video conferencing systems have to be provided. These tools should be tightly integrated into the WBT
system. For example, the system should provide a student with a list of other course participants currently
online or it should archive the outcome of chats. In [Per97] an overview of possibilities of synchronous
communication in educational environments can be found.

4.1.3.3 Cooperation
Although the World Wide Web was originally designed as a tool for support of cooperative research work,
its lack of interactivity restrains efficient cooperation. Therefore, WBT systems have to integrate tools,
which support cooperation.
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The key to cooperation on a WBT system are shared workspaces for group work. Shared workspaces are
areas in the WBT system, in which groups of course participants can create and modify information. In a
shared workspaces, documents have to be editable by more than one course participant and mechanisms
have to be implemented that solve concurrent update problems. Such mechanisms are, for example, an
access right system, locking, and versioning functionality. Annotations, or similar means, have to be
provided to allow commenting, correcting, or reviewing other course participants' work.

4.1.4 Tests, Examinations, and Assignments
Important elements of a course are tests, examinations, and assignments. WBT systems should support the
creation of tests and examinations and the review of the answers to these tests and examinations. Students
should be able to hand in assignments and the review and correction of assignments should be supported.

4.1.4.1 Tests
WBT systems should offer a way to integrate tests in the course material. These tests and can be designed
as described in the CAI chapter of this thesis [→  1.2.3]. They can be designed for self-assessment, so that
students can check their knowledge about the course content. If students fail to answer the questions of a
self-assessment test, they should be guided to parts of the course they should read again to complete their
knowledge. Tests can also be used by the instructor to measure performance of students. While some tests
have to be corrected by the instructor, a WBT system should be able to correct others, such as simple
multiple-choice tests, automatically.

4.1.4.2 Examinations
In courses, which are held as distance-education courses, it is desirable to hold examinations over the Web.
Examinations might look similar to tests as described above. Additionally, cheating has to be prevented.
For example, all students could be required to do the exam at the same time and within a certain time limit
and the exam questions can be taken out of a large pool of questions so that no two students sit the same
exam.

4.1.4.3 Assignments
A WBT system should allow students to hand in assignments. It should be possible to make these
assignments accessible to course participants, so that exemplary assignments can be accessed by other
students or so that students can access assignments of previous courses. Instructors should be supported
with the task of reviewing assignments.

4.1.5 Course Administration
A WBT system should provide instructors with tools to accomplish typical administrative tasks. They
should be able to track the progress and performance of students. Administrative tasks like enrolling
students for courses, or charging tuition fees can be supported.

4.1.5.1 Progress Tracking
Progress Tracking makes students’ progress observable for instructors. An instructor can find out, how
much of the course material a particular student has already read. He can also get information about how
well that student has performed in tests and quizzes. That way, students who fall behind or perform poorly
can be contacted and encouraged or their course material can be adapted to their specific needs.
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The progress tracking information can also be made available to students. That way, students know how
they are performing compared to the other students of the class. It is possible to provide facts like “the
document you are currently reading has already been read by 60% of the students of your class”.
Another use of progress tracking information is to allow navigation analysis. Navigation analysis allows
analyzing navigation strategies of individual students. It can be found out, which links students prefer to
follow and how they generally navigate through the course documents. Especially in courses that make
heavy use of the hypertext paradigm, this information can be used to improve the structure of the course
material.

4.1.5.2 User Administration
WBT systems should support the administration of all course participants. It must be possible to create
new users and to assign them to courses. Instructors should be able to access lists of all students enrolled
for their courses with information about the students. Registration and enrollment for courses can at least
partially be carried out by the system. Similarly, the charging of tuition fees can be supported by the
system.

4.1.5.3 Course Layout Customization
In many cases, a WBT system will be integrated in an existing Web environment or it will be part of an
existing Intranet. In that case, it should be possible to customize the course layout. In addition to the course
layout, also course functionality can be customizable. Administrators can then define, which features of
the WBT system they want to use.

4.1.6 Offline Support
Course participants of a WBT course have to be online to access the course. All material of a course is
loaded over the Web. This causes two problems. On one hand, some of the material of a WBT course
might need a high bandwidth to be transported from the WBT server to a client, such as video material. On
the other hand, in many situations learners want to be able to use the WBT system if they are offline. The
WBT system has to provide some kind of offline support.
For the bandwidth problem, solutions can be found easily. If a course is heavily dependent on video
material, this material can be distributed on CD-ROM or similar media to be integrated into the course. To
allow complete offline work is more complicated. It must be possible to download whole courses to view
them locally. Of course, synchronous communication becomes impossible in offline mode, but the means
of asynchronous communication are still available. The next time the student works online again, all
messages, discussion entries, and annotations created are transferred to the WBT system.
A very simple approach to support offline learning is to support the course material for printout. One way
is to provide the course material twice, once as single HTML pages, once as one file with the whole
content, possibly in a different format like PDF. Another way is to dynamically compile a printable
document from the course pages stored in the WBT system.
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4.2 TopClass
TopClass is a WBT system developed and marketed by WBT Systems6. The current version of TopClass is
version 2.0, version 3.0 with a number of new features has been announced to be released at the end of
1998. TopClass is installed as an add-on to an existing Web server, such as Apache or one of the servers of
Netscape or Microsoft. It is available for all popular UNIX platforms, for Windows NT, and for MacOS.
TopClass can be accessed by Netscape Navigator 3.x or higher or Microsoft Internet Explorer 3.x or
higher. The following section gives an overview of TopClass’ functionality. For a detailed description of
TopClass refer to the Top Class User Guides [Top98]. For a good description of the general aims of
TopClass read [Len98].

4.2.1 General
TopClass provides a virtual classroom environment with students, instructors, and administrators on a
TopClass server. Students are assigned to one or more classes, each of which will have course material
assigned to it. Each class can have one or more instructors assigned to assist students in that class. Like
students, instructors can be assigned to one or more classes. Their responsibilities include creating and
editing course material, answering questions submitted by students, monitoring discussion areas, and
correcting tests.
Administrators manage students, instructors, and courses in TopClass. They have full access to the entire
TopClass server, allowing them to perform functions such as creating and editing users and classes,
creating and managing students and instructors, or assigning students and instructors to classes.
Administrators can delegate certain tasks to instructors, such as the creation and managing of students and
classes.

4.2.2 Course Material
The course material of a TopClass course is structured hierarchically. Starting from a “top” or “root”
folder, users step through subfolders to the actual pages of the course. The whole course consists of so-
called ULMs (Units of Learning Material). An ULM can be an HTML document as a course page, a
folder, which contains further ULMs, or a test. HTML documents can embed multimedia documents,
which are called media objects in TopClass. Thus, the integration of any Web-enabled material in
TopClass becomes possible. Folders represent chapters and subchapters. Tests will be described in one of
the following sections [→  4.2.4].

4.2.2.1 Navigation
The hierarchical structure of TopClass course material aids navigation. Tables of contents are displayed for
the whole course, for chapters and subchapters. As additional orientation aid it is indicated for each ULM
in a table of content, whether it has already been read. On each page a student retrieves, the current
position in the chapter hierarchy is displayed, as can be seen at the top of Figure 4.1. The figure shows the
standard layout of TopClass course pages. The hierarchy overview is followed by the page content. The
document footer contains a number of icons, which provide access to various TopClass functions.
TopClass material can be searched. A title search and a fulltext search are available.

                                                  
6 Information about the company WBT Systems and their product TopClass can be found at
http://www.wbtsystems.com . This site also features test courses created with TopClass.
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Figure 4.1: A course page retrieved from TopClass.

4.2.2.2 Individualization
TopClass allows the individualization of course material by course authors. Course material can be
individualized for whole classes or for individual students. For each class, a “standard course” from the
ULM library can be adapted to the class’ specific needs by adding ULMs to the course or by removing
ULMs from the course. The course material adapted for the class can then be further adapted for every
single student.

4.2.2.3 Authoring
As described above, course material in TopClass consists of ULMs. An author can create new ULMs by
use of HTML input forms. For creating a new folder, only the title of the folder has to be entered in an
HTML input field. For creating a new course page, the HTML code for that page has to be entered in an
HTML input field. Typically, the HTML page is created with a WYSIWYG editor and then the HTML
code is copied to the input field. Alternatively, an upload function is provided, which allows the author to
browse the file system for a document to be uploaded as a new course page. TopClass tests are authored by
the use of HTML forms.
An HTML document often includes other objects, such as images or Java applets. Such objects are called
media objects in TopClass. If an HTML document, which includes media objects, is inserted in TopClass,
these media objects have to be uploaded subsequently to the server. For courses with a lot of multimedia
material, this procedure is rather tedious.
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With an additional tool, TopClass Converter, it is possible to convert whole chapters and courses that have
been created in the file system to so-called plug files. Plug files can be uploaded to TopClass. It is also
possible to export existing courses as plug files.
An author can define access and time restrictions for ULMs. Access restrictions define the access rights of
the different types of users (students, instructors, administrators) to an ULM. In addition to access
restrictions, time restrictions can be assigned to an ULM. For each ULM, it can be defined, when it should
be accessible for students.
Each ULM created on a TopClass server becomes part of an ULM library and is reusable. If a new course
is designed, existing ULMs can be taken from this library and integrated in the new course.
Figure 4.2 shows a possible setup of courses, classes instructors, and students on a TopClass server. Three
instructors and seven students are organized in three classes. Note, that some students and instructors
participate in more than one class. The course material for the classes consists of the courses 1-3. For Class
C, “standard” Course 2 has been adapted. All courses are made up of documents and chapters stored as
ULMs in TopClass’ ULM library.

Course 1 Course 2

Course 3

Class A Class B

Course 2a

Class C

Adaptions to Course 2
for Class C

• Instructor 1
• Instructor 2
• Student A
• Student B
• Student C
• Student D

• Instructor 3
 
• Student B
• Student D
• Student F

• Instructor 1
 
• Student A
• Student G
• Student H

                      ULM Library                      

Figure 4.2: An example for a setup of courses, classes, instructors, and students in TopClass.

The Web user interface of TopClass for authoring makes the creation of courses a rather tedious process. If
possible, courses should rather be created offline and than be imported in TopClass. Small changes can
then be made in the Web interface.
In version 3.0 of TopClass, TopClass Assistants will simplify the task of authoring. According to WBT
Systems, they will help with the creation of TopClass courses from existing MS Powerpoint or MS Word
documents. A TopClass Test Assistant will ease the creation of tests.



Chapter 4. Web Based Training Systems 51

4.2.3 Communication and Cooperation
TopClass offers two different means for communication between course participants. An integrated
messaging system allows one-to-one communication. Discussion lists can be used to communicate within
a class. TopClass does not offer means for group cooperation.

4.2.3.1 Messaging
An integrated messaging system allows one-to-one communication between all course participants similar
to email. TopClass can be customized that common email is used instead of the integrated system.
Messages consist of text and optionally of a reference URL and an arbitrary file as attachment.
The messaging system is also used to give feedback or ask question about the course material. If a student
has a question while reading a course page, he can click on a Mail Instructor Button to send a message to
an instructor. The message will contain the current course page as reference URL.

4.2.3.2  Discussion Lists
Discussion lists provide the possibility of threaded discussions between course participants. Typically one
discussion list exists per course, but within discussion lists folders can be created for additional discussion
topics. According to their access rights, users may post discussion entries, reply to other entries, delete
entries, insert folders for new discussion topics, or transfer messages between folders.
A discussion entry consists of a title and some content. Optionally it can also contain a URL to refer to a
course page or a Web page in general. Every discussion entry can also contain an attachment.
The difference between class announcements and discussion lists is that in class announcements only
instructors are allowed to post class announcements. Students can only read them. If they want to reply to
class announcements, they have to do that by use of the messaging system.
Another special type of discussion lists are moderated discussion lists. In moderated discussion lists, every
new entry has to be approved by an instructor to be made readable to the whole class.

4.2.4 Tests, Examinations, and Assignments
In TopClass, tests are a special kind of ULM. It is possible to create self assessment tests for students, or
tests that are marked by the system or an instructor. The handing in of assignments is supported by a
special kind of test. TopClass does not provide means for on-line examinations.
A TopClass test consists of a number of questions. The questions for a test are taken from a question pool.
It can be defined, whether all questions of the question pool are taken or whether questions are randomly
drawn from the question pool. A number of points that a student gets for a correct answer can be defined
for each question.
Questions of a test can be auto-corrected by the system (e.g. for multiple choice tests) or corrected by an
instructor. It can be defined, whether students are allowed to submit a test only once, or whether they can
resubmit it. It can also be defined, whether the student retrieves all questions in one document, or whether
each question is a separate document with a next button leading to the next question.
All questions in TopClass are implemented by use of HTML. They consist of a question text, which can
also include media objects, and HTML input fields, such as text fields, drop-down lists, or check boxes.
TopClass supports various different question types:
• Boolean questions. Boolean questions are simple yes-no questions. For the answer the user has to

choose between to radio buttons.
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• Pick-one questions are multiple choice questions with one correct answer. The possible answers can
be displayed with radio buttons or in a drop-down list.

• Multiple-choice questions. Multiple-choice questions can have a number of right answers and are
represented by check boxes. The student gets points for each correct answer, for each incorrect answer
points can be subtracted. Multiple-choice questions can be auto-corrected.

• Multi-media questions. Multi-media questions are a variation of multiple-choice questions. For multi-
media questions, the correct answer is not represented as a text, but as a media object of arbitrary type.

• Text questions. Text questions allow the user to enter arbitrary text. The size of the text field can be
defined, so that text fields can be used for fill-in-the-blank questions as well as for short essay-type
questions.

• List matching questions. List matching questions present two lists, which have to be linked together
correctly.

• Upload questions. With an upload question, a file is requested from the student. Upload questions can
be used, for example, to hand in assignments. For obvious reasons, upload questions cannot be auto-
corrected.

• Image map questions. To answer an image map question, a student must click on a certain area in an
image. An example for an image map question is to ask for the location of a state in a country. The
student then has to locate the state on a map of the country.

All question types can be auto-corrected, apart from upload questions. For text questions, auto-correction
only makes sense for simple fill-in-the-blank questions, because every possible answer has to be declared.
For longer answers, text questions have to be corrected by the instructor.
Additionally, time restrictions can be defined for tests. It is possible to define a period when students can
retrieve a test, when they are allowed to submit the test and when the auto-corrected results are delivered
to the students. These time restrictions can be defined absolutely by assigning dates or relatively like “the
test has to be submitted 2 weeks after the first retrieval of the test” or “the test has to be submitted 2
months after the course start.”
If a test is submitted, it is either auto-corrected, or course instructors are notified by a blinking icon on
their entry page that a new test submission arrived. They can then review the test by filling in points and
comments to the answers of the test.
After a test has been corrected, various actions can take place according to the performance of a student in
the test. This performance is measured in points. An action can be triggered in any case after a test or if the
number of points is above or below certain limits. Possible actions are:
• Coursework can be added to the student’s coursework.

• Coursework can be removed from the student’s coursework.

• The instructor can be notified by an email or a message.

• A student can be automatically enrolled in another course.

Note, that adding and removing coursework after a test allows the individualization of courses for students.
ULMs can be added or removed based on the student’s performance in tests.

4.2.5 Course Administration
Instructors have access to a list of the students of a course. In this list, they can send messages to students
and they can access information about the students, such as their full names, their email addresses, or
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images of the students. They can also review the student’s progress and performance. Administrators are
responsible for user management, such as registering new users or enrolling students in courses.
Administrators can also customize the layout of a course to a certain degree.

4.2.5.1 Progress Tracking
Students’ progress can be reviewed in two ways. Instructors can request the percentage of the course
material that a certain student has already worked through, or they can access the course material from the
student’s point of view. In the second case, the coursework is presented, as if the student would access the
coursework. Additionally, instructors can get information about date and time, when the student accessed a
course page.
Students’ performance in tests can also be reviewed. In a list of students, two columns show how many
tests the student has already attempted and the average percentage of points he has obtained in the tests.
Students’ progress and students’ performance data can be saved to be imported in spreadsheet programs
for further evaluation.

4.2.5.2 User Management
In TopClass, user management is done by administrators, but administrators can grant user management
rights to instructors. Users are created by entering user information such as a user’s full name, email
address, and a username with password. To avoid anonymity in the virtual classroom, instructors can
upload pictures of the students, which are then accessible to all course participants.  It is possible to
approve accounts only for a certain time or to temporarily disable accounts. Class management allows to
assign instructors and students to classes.
Often user management requires to deal with a number of students at once. For that purpose, TopClass
supports batch registration of users, batch enrollment to a class, and batch deletion of users.

4.2.5.3 Layout Customization
The layout of a TopClass course can be customized to a certain degree. Various colors, font types, font
sizes, and icons can be changed. TopClass’ toolbar can be customized by administrators. Certain buttons
can be hidden, so that the TopClass functionality provided by these buttons is hidden for the users.

4.2.6 Offline Support
In version 2.0, TopClass’ only support for offline material is that it allows the integration of CD-ROM
based material in Web delivered courses. It does neither support offline learning nor printouts of the course
material.
With version 3.0 of TopClass, TopClass Player will become available, a tool that lets users view TopClass
courses without a connection to the Web. It lets users download courses from a TopClass server for
viewing at any time. According to WBT Systems, with TopClass Player switching between the use of
online and offline materials becomes a seamless operation.

4.2.7 Conclusion
TopClass offers many sophisticated features. Especially the progress mechanism, the possibilities for test
creation and the reusability of course material are worth mentioning. On the other hand, some typical
functionality of WBT systems is missing. There is no mechanism for students to take notes to course
material, no support for cooperation is provided, and no tools for synchronous communication are
available within TopClass.
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But while technically the system seems to be well designed, the user interface of TopClass is often
unsatisfying. Authoring of course material in the Web interface is cumbersome and tedious, but also the
user interface for students often seems clumsy. By the use of the possibilities of client-side JavaScript, like
for example multiple windows, the user interface could be enhanced a lot.

4.3 WebCT
WebCT (World Wide Web Course Tools) has been developed in the Department of Computer Science at
the University of British Columbia and is marketed by WebCT Educational Technologies7. Its current
version is 1.2, with a beta version of 1.3 available. WebCT is bundled with an Apache Web server and is
available for all popular UNIX platforms. A version for Windows NT is in preparation and currently
available as a beta version. The Windows version can be run based on Microsoft’s Internet Information
server as an alternative to Apache. WebCT courses can be accessed by Netscape Navigator 2.x or higher
and Microsoft Internet Explorer 4.x or higher. An overview of WebCT is given in [MS97]. For a detailed
description of WebCT refer to the WebCT manual [Web98a]. [Web98b] provides a tutorial on course
authoring with WebCT.

Figure 4.3: The homepage of a WebCT course.

4.3.1 General
Four different types of users exist on a WebCT server, administrator, course designers, markers, and
students. There is only one administrator on a WebCT server and he can initialize and delete courses. An

                                                  
7 Extensive information about WebCT can be found at http://www.webct.com.  This site also allows
the creation of WebCT test courses.
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administrator does not actually author courses, but initializes courses and hands empty courses over to
course designers. For each course, one course designer is assigned. Typically, the course designer is the
instructor of the course. A course designer can manipulate the course in any way, create quizzes, alter
grades, check student progress, define student presentation groups, manipulate student accounts, etc. He
can define a number of markers for a course. Markers can grade quizzes and manipulate student grades.
The course designer also creates and manages the students of a course.
Course participants enter the course through the course homepage, the starting point of the course, which
contains links to all course components. Figure 4.3 shows such a course homepage. The icons link to the
various functions of WebCT.

4.3.2 Course Material
Every course contains a welcome page, which resides in the unprotected area of a WebCT server and does
not require a password to be accessed. Welcome pages are used to give a brief overview of a course for
students interested in obtaining access to the actual course content.
WebCT course material consists of single pages on one hand and so-called paths on the other. Single pages
can contain information such as a course overview. Paths contain the actual course content as a number of
pages. Paths are organized hierarchically. Single pages and pages of a path are HTML documents, which
can contain arbitrary Web-enabled material.

Figure 4.4: A course page delivered by WebCT.

For each page of a path, additional information can be provided: the learning target of the page, additional
references, and self-assessment questions. The learning goal of a page summarizes the page and helps
students to identify the main objectives of the page. Additional references can contain book- or article
references and references to related information on the Web. Self-assessment questions are described
below [→  4.3.4]. Figure 4.4 shows a typical course page as delivered by WebCT. The page is made up of
three frames. The top frame contains a toolbar, the left frame the table of contents of the course, and the
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main frame the current course document. The icons self-test, references, and targets in the toolbar lead to
the additional information described before.
For each course, a searchable glossary of terms can be created by the course author. Links from the course
content to the glossary entries are added by WebCT under control of the course author. The glossary can
be used by the students in two ways. Clicking on a highlighted glossary term will bring up an additional
window with the glossary entry for that term. Accessing the glossary from the icon shown in the toolbar in
Figure 4.4 brings up a page that allows searching in the glossary.

4.3.2.1 Navigation
Like in TopClass, navigation aid in WebCT courses is based on the hierarchical structure of the course
material. In Figure 4.4 navigation aids are illustrated. The toolbar contains buttons leading to the next and
the previous page in the course path and buttons leading to the table of contents and the course entry page.
The navigation bar at the left presents the table of contents and indicates the current position in the course
path with a small bullet icon.
Additional navigation support is provided by search functionality. The content of a WebCT course can be
searched in two different ways. On one hand the content of course pages can be fulltext searched, on the
other hand the course designer can manually create an index of the course material, which can be used by
students. The icons search and index in the toolbar provide access to this functionality.
Another useful navigation aid is session resumption. On entering a WebCT course, students have the
option to continue the course in the same location where they left it last time they were using the course.

4.3.2.2 Individualization
WebCT allows students to individualize the course content. The icon my notes in the toolbar allows a
student to attach notes to course pages. These notes are private to the student and persist as long as the
student has an account for that course. The implementation of the notes feature is quite unsatisfying. For
example, from a course page it is not possible to identify, whether there are notes to the page or not.

Version 1.3 of WebCT will support selective release of content. Based on data in the student database [→
4.3.5], icons on the home page can be made accessible to certain students. This allows the instructor, for
example, to provide additional course paths to students who do particularly well or particularly bad in the
course. It is also possible to define periods of time, during which an icon should appear.

4.3.2.3 Authoring
Typically, course content for WebCT is created offline with an HTML editor. The created files are then
combined in a zip-archive and uploaded to the server. On the server they are unzipped and can than be
used as course content. A structure editor allows the definition of hierarchy levels and sort order of the
course pages in a path. Course pages can also be created and edited directly on the server by the use of
simple HTML input forms. Version 1.3 of WebCT will support the editing of HTML content by the use of
Netscape’s integrated HTML editor Netscape Composer. A backup utility allows the course designer to
backup a course and download it for safe keeping. This utility also allows courses to be restored on a
different server.
A course designer cannot only author course content, he can manipulate many display parameters of the
course. See the section course administration [→  4.3.5] for more details.
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4.3.3 Communication and Cooperation
Like TopClass, WebCT supports messaging and discussion lists for asynchronous communication between
students. Additionally, it provides a chat tool for synchronous communication and supports student
cooperation by so-called student presentation areas.

4.3.3.1 Messaging
Every WebCT course participant can send messages to and receive messages from other course
participants. Arbitrary files can be sent with messages as attachments. Messages are displayed as message
threads, new messages are indicated, and messages can be searched. It is possible to select a subset of
messages and compile it into one document for print-out.

4.3.3.2 Bulletin Board
The discussion list feature is called bulletin board in WebCT. The bulletin board consists of different
forums, in which discussions can take place as electronic threaded discussions. The course designer has the
possibility to create new discussion forums. Discussion forums can be public, or they can be private and
only accessible by certain students. A discussion entry can have an arbitrary number of attachments.
Similar to the messaging system, new discussion entries are indicated, the discussion entries can be
searched, and discussion entries can be compiled in one document for print-out. Version 1.3 will allow
anonymous postings to discussion forums.

4.3.3.3 Synchronous Communication
A chat tool allows text-based real-time conversation between course participants. It shows a list of all
course participants currently logged in and allows to send public messages to all users logged in or private
messages to a specified set of users. Chats can take place in different chat rooms. WebCT provides four
general-purpose chat rooms, one chat room for each course and one chat room for all courses. The four
general-purpose chat rooms are logged so that instructors can hold on-line tutorial sessions and capture a
transcript of the conversation for later perusal. Version 1.3 of WebCT will support a shared whiteboard in
addition to the chat tool.

4.3.3.4 Cooperation
The course designer can give authoring privileges to groups of students. Student groups can then share
documents in student presentation areas. The authoring tools for student presentation areas are similar to
the authoring tools of the course designer for course content, so typically, HTML pages will be pre-
prepared and then uploaded to the server.

4.3.4 Tests, Examinations, and Assignments
WebCT distinguishes between self-tests for students and quizzes. Self-tests can be created for each page of
a course path. They consist of simple pick-one multiple choice questions and should help the student to
check whether he has understood the content of the page.
Quizzes consist of a number of questions, which are organized in a question database. With the exception
of upload questions and image map questions, all question types supported by TopClass are also supported
by WebCT. An additional question type supported by WebCT are calculated questions. They can be used
for mathematical questions, where the system should randomly choose number values for the question.
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For a quiz, a number of questions is chosen. For each question a number of points is assigned, that a
student can get if the question is answered correctly. It can be defined that all chosen questions should be
used in the test or that questions are randomly picked from a set of questions. All answers except of
paragraph style answers to text questions can be automatically graded. Alternatively, instructors and
graders can grade quizzes manually. They can also overwrite grades automatically assigned by the system.
Time restrictions can be applied to quizzes, so that they are available to the students only during a certain
time period. An interesting feature is that quizzes can be timed, so that a clock on the quiz page counts
down the number of minutes assigned to the quiz once the student has begun. When a quiz is completed
and marked, the grade of the quiz and comments regarding the questions can be made available to the
student. For the instructor comprehensive statistics of student performance on quizzes are available.
An adaptation of WebCT quizzes are WebCT surveys. If students answer survey questions and the results
become available to the instructor similarly to quizzes. The difference between quizzes and surveys is that
the instructor does not know the creator of an answer to a survey.

4.3.5 Course Administration
While the course administrator is responsible for the creation of new courses on the WebCT system, the
course designer does all the administrative work for a course. This includes the registration of students and
graders for a new course, the tracking of students’ progress and performance and the customization of the
course layout.

4.3.5.1 Student management
Information about the students of a WebCT course is collected in the student database. This database
contains an entry for each student with various fields, such as the student’s name or email address. For
each quiz in the course, a field holds the result of the quiz of the student. The course designer can add
arbitrary new fields. This fields can either hold additional information about a student, or they can be
calculated from values of other fields. Calculated fields help, for example, to automatically generate final
grades. Database fields can be defined to be private to the course instructor, they can also be made
accessible to students. Students also have access to minimum, maximum, and average marks for each
course component to find out how well they are doing in comparison to their fellow students.
New students are enrolled in a course by adding entries in the student database. This can be done by
entering one student at a time or by uploading lists of students in a simple, predetermined format as a
whole. It is also possible to setup a course in a way that students are allowed to create their own accounts.
The student database is integrated with many of the other tools of WebCT. For example, it is possible to
query a set of students in the database and to use this set in the messaging tool to send a message to each
students of the set. Likewise this set of students could be used in the progress tracking tool to show the
progress and performance of the students in the set.

4.3.5.2 Progress Tracking
WebCT’s progress tracking tools allow the course instructor to monitor student progress in the course.
Information available is for example the date of first and last access, the time spent on the system, the
percentage of pages available, or an overview over the participation of a student by way of the bulletin
board. Statistic information is available for each course page, like the total number of accesses to a page or
the average duration of access to the page. Most of this statistic information can be visualized by the use of
bar charts. [Mur96] contains a detailed discussion of WebCT’s progress tracking functionality.
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4.3.5.3 Layout customization
A WebCT course can be customized in different ways. The icons on the course homepage as shown in
Figure 4.3 represent the various modules a WebCT course is offering. The course designer can choose
which modules he wants to use in a course. He can also change the graphics for the icons and the position
of the icons on the page. Secondary homepages can be created, in which additional WebCT modules are
grouped. Color schemes and graphics for the various WebCT modules can be changed.
The display of course documents can also be customized. It can be defined which icons should be
displayed in the toolbar as shown in Figure 4.4. It can also be defined whether the toolbar should be
displayed on top of or to the left of a course document. The table of contents as shown in Figure 4.4 can be
switched off.
The user interface for the configuration of a WebCT course is rather comfortable considering the
restrictions of HTML. For all configuring, editing, and authoring tasks, course material is shown as a
student would see it. Additionally, a frame at the bottom of the window gives the course designer access to
editing and configuration options.

4.3.5.4 Calendar Tool
An interesting additional WebCT tool available for both, instructor and students, is the calendar tool. The
instructor can make public entries in the calendar, which can be viewed by all course participants,
instructor and students can make private entries. Calendar entries can contain URLs to link to certain parts
of a course.

4.3.6 Offline Support
Similarly to TopClass, WebCT supports the integration of course material provided on a CD-ROM.
Additionally it provides a useful tool that allows students to compile documents for print-out. In the table
of contents of a course path, students can mark all the documents they want to print out, which are then
compiled into one HTML document. WebCT does not support true offline work.

4.3.7 Conclusion
Many features of WebCT are similar to features of TopClass. Generally, the user interface of WebCT is in
many cases more comfortable than the user interface of TopClass, mainly because WebCT makes more
use of advanced features of HTML and JavaScript. Also the inclusion of Java – for the chat tool and
dynamically calculated statistics – enhances the user interface of WebCT. Some functionality of WBT
systems TopClass is lacking is provided by WebCT, such as cooperation support, tools for synchronous
communication, and a simple note-taking mechanism. TopClass’ ability to provide a virtual learning
environment with students organized in classes and reusable course material organized in a courseware
library is certainly more sophisticated than WebCT’s stand-alone courses.

4.4 Other WBT Systems
There is a large number of other WBT systems available by various vendors. Most of them are similar to
TopClass and WebCT in their general design and support similar features TopClass and WebCT support.
This section gives a brief overview over existing systems with links to further information. Note that these
systems have not been evaluated by the author. As the field of Web Based Training is currently developing
extremely fast, this overview list might be outdated within months.



Chapter 4. Web Based Training Systems 60

• Asymetrix Librarian
Asymetrix Librarian is a WBT system based on Asymetrix’ authoring system Toolbook [→  1.4]. It
makes extensive use of Java technology. Product information about Asymetrix Librarian can be found
at http://www.asymetrix.com/products/librarian .

• Blackboard CourseInfo
Blackboard CourseInfo is a WBT system marketed by Blackboard Inc. Information about the product
is available at http://www.blackboard.net . An interesting aspect of CourseInfo is that it is the
official platform for the Instructional Management Systems (IMS) project.8 The IMS project tries to
standardize Web-based educational material. Many vendors of WBT systems are participants in the
IMS project. (e.g. Anlon Systems, Asymetrix, Blackboard Inc., Convene International, Lotus, WBT
Systems, WebCT Educational Technologies) Other companies participating in the IMS project include
Apple, IBM, Macromedia, Microsoft, and Sun.

• Convene
Information about Convene by Convene International can be found at
http://www.aln.org/alnweb/magazine/vol2_issue1/convene.htm .

• DigitalThink
DigitalThink, Inc. provides Web-based courses with its DigitalThink learning environment. The
system differs from the other WBT systems, in that DigitalThink does not provide the system itself,
but only offers Web-based courses. Thus, only the students’ view of the system is accessible.
However, the students’ view incorporates a view interesting ideas for the design of WBT systems.
DigitalThink can be reached at http://www.digitalthink.com.

• FirstClass Collaborative Classroom
FirstClass Collaborative Classroom (FCCC) is a product of the Canadian company SoftArc
International Ltd. Information about FirstClass is provided at
http://www.education.softarc.com .

• IntraKal
IntraKal is marketed by Anlon Systems Inc. Information about IntraKal can be found at
http://www.anlon.com .

• Lotus Learning Space
Lotus Learning Space is an application based on Lotus Domino Web Server technology. Lotus
Learning Space differs from TopClass and WebCT in that only the student’s view is accessible over
the Web. For authoring and administration of courses Lotus’ proprietary Notes client is needed. Also
for students, some functionality is only available when they access the system with a Notes client.
Information about Lotus Learning Space can be found at
http://www.lotus.com/home.nsf/welcome/learnspace .

• Mallard
Mallard is a WBT system developed at the University of Illinois. Information about Mallard is
available at http://www.ews.uiuc.edu/Mallard/News .

• Mentorware
Information about Mentorware by Mentorware Inc. is provided at http://www.mentorware.com .

                                                  
8 For more information about the IMS project see http://www.imsproject.org .
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• Virtual-U
Virtual-U evolved from a project at the Simon Fraser University in British Columbia, Canada and is
now marketed by Virtual Learning Environments Inc. Information about Virtual-U can be found at
http://www.vlei.com/virtual_u.html .

• Web Course in a Box
Web Course in a Box (WCB) was originally developed at the Virginia Commonwealth University and
is marketed by MadDuck Technologies. See http://www.madduck.com  for more information.

• WebMentor
WebMentor is a WBT System by Avilar Technologies Inc. For information about WebMentor refer to
http://avilar.adasoft.com/avilar/msubfrm.html
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5 Hyperwave
Section 3.3 showed the problems that emerge with the World Wide Web - and first generation hypermedia
systems in general - when it comes to the presentation and maintenance of large amounts of information.
Hyperwave, as a second generation hypermedia system, offers solutions to these problems.
Note, that Hyperwave is not an alternative system to the World Wide Web, but that it offers extended
functionality to be used within the World Wide Web. WWW users can access information provided by
Hyperwave with their favorite Web browser, they do not have to learn about yet another system.
Hyperwave can be called a second generation Web server. After a brief summary of the history of
Hyperwave, this chapter gives an overview over the concepts and components of Hyperwave. Finally,
some educational applications of Hyperwave are described.

5.1 History
The history of Hyperwave started around 1989 when Hermann Maurer, Ivan Tomek, and Fritz Huber
proposed requirements for an optimal large-scale hypermedia system at the IICM at the Graz University of
Technology. The proposal was based on experiences with hypermedia systems in other projects at the
IICM, such as the development of the Austrian videotext system or the design of COSTOC [→  1.5.1].
The proposed hypermedia system was code-named Hyper-G.  From 1990 to 1991, Frank Kappe developed
the architectural design of Hyper-G in his Ph.D. thesis [Kap91]. Together with Gerald Pani, he
implemented a first version of the server and a text-based prototype of the client. Loose contacts with the
designers of the World Wide Web at CERN were established to maintain a gateway for Hyper-G to the
World Wide Web. In 1992 the University Information System at the Graz University of Technology was
implemented as the first real-world application of Hyper-G.
The University Information System proofed the real-world usefulness of Hyper-G and showed that it was
applicable for a wide range of information provision tasks. This made it possible to acquire funding from
various sources, and in the Summer of 1992 phase two of the project began. The development of Amadeus
and Harmony, graphical user interface driven clients for Microsoft Windows and Unix, was started. First
versions of this clients were available a year later and they reached version 1.0 in summer 1995.
Until then, Hyper-G with its own clients Amadeus and Harmony was commonly seen as an alternative to
the World Wide Web, although a gateway that allowed access to Hyper-G with standard Web browsers
had always existed. (See for example the description of Hyper-G and Harmony in [Nie95].) After the
World Wide Web had really taken off and had left all other Internet-based information systems behind,
this strategy was changed. Hyper-G was more and more seen as a sophisticated Web server and as an
extension to the World Wide Web: Information consumers accessed Hyper-G servers with Web browsers,
only information providers needed the native clients as authoring tools.
Today the project has entered its third phase. Hyper-G was commercialized and renamed to Hyperwave
Information Server (HWIS). It is now distributed by the Hyperwave Information Management GmbH,
based in Munich. At the time of writing the current version of HWIS is version 4.1.
The development of native Hyperwave clients was stopped and the Web gateway has been integrated into
Hyperwave Information Server. All Hyperwave features can be used within a sophisticated user interface
for standard Web browsers. Hyperwave Information Server is highly customizable by two scripting
languages, PLACE and server-side JavaScript and is marketed mainly as an application development base
for corporate Intranets, although it is also used for a range of other applications. One of these applications
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is Web Based Training. The WBT project GENTLE and the product Hyperwave Training Space will be
introduced in the next chapter.

5.2 Concepts
In the chapter about the World Wide Web various shortcomings of standard (first-generation) Web servers
were discussed [→  3.3]. This section gives an overview of the concepts implemented in Hyperwave to
overcome these problems.

5.2.1 Object database
In contrast to first generation Web servers, which simply store documents in the file system of the host
they run on, HWIS stores all documents in an object database. This database holds not only documents, but
also other objects such as collections, anchors, user and user group records, as they will be introduced
within the following sections.
Every object in the database is assigned a globally unique object identifier. For documents this has an
important effect: documents are identified by these object identifiers and not by their location. This means
that the problematic Uniform Resource Locators (URLs), the shortcomings of which have been discussed
before [→  3.3.1.1], are replaced by object identifiers, which act as Uniform Resource Names (URNs).

Figure 5.1: A document and its Attributes as displayed by the interface of HWIS 4.1
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For every object in the database meta-information about the object is stored as so-called attributes. Figure
5.1 illustrates how a document and its attributes are displayed by the standard user interface of HWIS 4.1.
Examples of object attributes are:
• Type. The object type, such as Document, Anchor, User, or Group.

• DocumentType . The type of the document, for example text for text documents, Sound or Image
for audio or image documents.

• Author. The name of the user who inserted the document into the database.

• TimeCreated and TimeModified . The time when the document was created and last modified,
respectively.

• TimeOpen and TimeExpire. The times between which the document should be made available.

• Title. The title of the document.

• Name. The name of the document, so that it can be accessed through external references, such as
URLs.

• Keyword. One or more keywords that describe the content of the document to aid searching tasks.

For a comprehensive list of all existing object attributes refer to [MM98]. In addition to these attributes,
new attributes can be defined by users. As these custom defined attributes can also be indexed, Hyperwave
can be used to store arbitrary object information, just like a database.

5.2.2 Structured Hypermedia
First generation Web servers follow a simple node-link model, which means documents are stored
unstructured and the only relations between documents are links. On a Hyperwave server, so-called
collections exist as structuring elements. Related documents are put together into collections and
collections can contain other collections. By this recursive definition, a hierarchical structure similar to the
directory structure of common file systems is created. Figure 5.2 shows a collection hierarchy as it is
displayed by the standard interface of HWIS 4.1. Like documents, collections are stored as objects in
Hyperwave's object database and have attributes. The attribute SortOrder defines how documents of a
collection are sorted. Collections are ordered sets of documents.
Some rules apply to Hyperwave's collection hierarchy: every document is a member of at least one
collection, its parent collection, with the exception of the server's rootcollection, which is the top of the
collection hierarchy. Documents can be members of more than one collection, but the whole collection
hierarchy must be cycle-free. The collection hierarchy helps to solve several problems of first generation
servers:
• Navigating through the collection hierarchy is an alternative to browsing by following links. It makes

the logical structure of information explicit to the user. The user interface to the collection hierarchy
can be simple menus the user can choose from, or more sophisticated visualizations can be offered.
(For example, the native Hyper-G client Harmony featured a 3D information landscape, which allowed
to “fly through” collections and documents.)

• While using the Web, users can see only one document at a time. However, Hyperwave's collection
hierarchy also provides the logical neighborhood of the document. The position of a document in the
collection hierarchy indicates the logical context of the document. This characteristic, called location
feedback, is particularly important if users ask, "Where am I?" after some time of browsing by
following referential links, or if they visit documents after search operations. Location feedback is
considered one of the most useful means against the lost in hyperspace syndrome.
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Figure 5.2: A collection hierarchy displayed in HWIS 4.1

• When users follow a link that offers information about a topic, they should be able to get an
approximate idea of how much information about a certain topic is provided. In a collection hierarchy,
they know the number of documents in the collection.

• With the collection hierarchy, two link types are implicitly introduced, which represent is-child-of and
is-parent-of relations between documents. These so-called structural links or organizational links can
replace referential links. With a decreasing number of referential links, the structure of the provided
information becomes less complex and users find it easier to get a mental overview of the data.

• Collections are an ideal means to restrict the scope of search operations. Instead of searching the whole
information space, users can choose a set of collections they want to search.

• The collection hierarchy reduces the workload for information providers. If a new document is inserted
on a standard Web server, at least one other document has to be edited to provide a link to the new
document. If a document is inserted into a collection, structural links are created automatically and no
further work is required.

Apart from plain collections, two special collection types, sequences and clusters, are offered by
Hyperwave’s standard interface9.

                                                  
9 Until version 2.6 of HWIS, the possibilities of defining navigation strategies and compound documents
were restricted. With the introduction of Hyperwave’s server-side JavaScript in HWIS 4.0, these
possibilities were greatly increased [→  5.4.3.2].
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5.2.2.1 Sequences
Like a collection, a sequence is an ordered set of documents and sub-collections. However, while the
collections let the user choose documents from the collection members, sequences are used to show their
members sequentially. Previous and next links are generated on the fly so that the user can navigate
through the sequence.
Sequences reduce the maintenance effort of information providers. To include a new document in a
sequence it only has to be inserted in the sequence. As necessary links to navigate through the sequence
are created by the system, no referential links have to be inserted and modified like on a Web server. By
the use of sequences predefined paths through information – guided tours [→  2.4.2.4] can be provided.

5.2.2.2 Clusters
Clusters allow the grouping of related information like collections and sequences, but instead of letting the
user choose documents or showing them one after the other, clusters imply that their members are
visualized together. Clusters can be used for different purposes:
• Documents of different document types can be grouped in a cluster. If, for example, a text document,

an image, and an audio document are stored in a cluster, clients should display the text and image and
play the audio stream simultaneously.

• Clusters can be used to provide documents in different languages. Depending on a user's language
preference, the right documents of a cluster a chosen and displayed.

• The alternativecluster as a special kind of cluster allows the provision of different views of a
document. One of its applications is to allow a choice between objects that represent the same
information in different levels of quality. Users with a good connection to the server can retrieve large
documents of high quality, while users with a slow connection get smaller documents of poorer
quality. A different application of alternativeclusters is to provide information in different media types.
The user may then choose, for example, whether he wants to retrieve the information as text, as sound,
or as video.

• If a cluster is defined as a multicluster, all its members are shown at once, independent of language or
quality settings.

5.2.3 Links separated from documents
In the World Wide Web data model, links are embedded in documents and are unidirectional. Hyperwave
follows a different approach. Links are separated from documents. Like documents and collections, the
source and destination anchors of a link are stored as objects in Hyperwave's object database. If a
document is retrieved, anchors are inserted in the document on the fly. This approach solves more
problems of first generation Web servers:
• The system can maintain link consistency. If a document, which is the destination of links in other

documents, is deleted, the user can be notified or resulting open links can be automatically discarded.

• Because links are stored in Hyperwave's object database, they have object attributes like documents
and other objects. These object attributes can be used for different purposes. The Rights attribute
allows the creation of links that are only visible to certain users, with the LinkType attribute different
link types can be defined. By use of attributes like the Keyword attribute, links can be made
searchable.
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• Bi-directional links allow for the automatic creation of overview maps as described in the Hypertext
chapter [→  2.4.2.1]. Overview maps, which show documents and their incoming and outgoing links,
allow users to grasp the logical context of a document and are an important navigational aid.

5.2.4 User Authentication
On a standard Web server, document access is anonymous. This implies several problems if information is
provided that should not be available to everybody, such as confidential information or material with
copyright restrictions. HWIS provides a powerful authentication scheme to overcome this problem. Users
can be defined and grouped in a hierarchical user group structure. Like documents, collections, and
anchors, user records are stored as objects in the object database of HWIS and contain attributes like the
user's password or a detailed description of the user.
Every document, collection or anchor in Hyperwave's object database can have a Rights attribute
defining who may read it and who may modify or delete it. Of course, unidentified, anonymous access to a
Hyperwave server is also possible, but anonymous users are restricted to reading public documents.
Typically, identified users are assigned a special collection called home collection, where they have write
access and can store information.
The user authentication mechanism can also be used to implement billing on a Hyperwave server. A price
can be specified for every document by means of the Price attribute. Users can buy a certain amount of
virtual money, which is stored in the Account attribute of their user record. Every time they access a
document with a Price attribute, the document's price is subtracted from their account. The price of a
document may be different for different users or user groups. Anonymous users have, of course, no access
to priced documents.

5.2.5 Multi-user, Multi-author Environment
While standard Web servers draw a distinct line between authors who provide information, and users who
consume information, HWIS overcomes this limitation by providing a multi-user, multi-author
environment. Users are not only readers, they can also contribute material. The authentication mechanism
of HWIS defines who may insert documents in which collections and who may modify or delete them.
This leads to the following advantages:
• For an identified user, the standard Web interface of HWIS does not only allow to browse information,

it also allows authoring. That way Web browsers can be used for both information consumption and
information provision.

• Real cooperation and collaboration becomes possible in the multi-user, multi-author environment
provided by HWIS. Group access rights allow more than one author to work on the same document.
Users can lock objects while they are modified to avoid concurrency problems if several users are
working on one document, the versioning functionality of HWIS allows to keep various versions of a
document and helps collaborative authoring.

• Every user on a Hyperwave server can create annotations to existing documents. This is another means
for collaboration, as users can attach their feedback, suggestions or questions to documents. By the use
of annotations to annotations discussion forums comparable to newsgroups can be built. Annotations
in Hyperwave are covered in detail in chapter 7.
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5.2.6 Inherent Searching
Searching is an important tool for the effective use of large hypermedia systems. As already discussed the
support for searching in the World Wide Web is not satisfactory [→  3.3.1.4]. In contrast to the World
Wide Web, Hyperwave supports searching inherently and offers several means to allow efficient
searching:
• Every document that is inserted in a Hyperwave server is immediately fulltext indexed. That way

fulltext searches always return up-to-date results. A Hyperwave server can be configured to either use
Hyperwave’s proprietary search engine or the search engine SEARCH’97 by Verity, Inc. [Ver97],
which supports indexing of a wide range of document types and sophisticated search features, such as
thesaurus search or sound-ex search. Hyperwave also supports multilinguality for its fulltext searches,
one index is created for every supported language.

• In addition to fulltext searches, the meta-information of objects in Hyperwave's object database can be
searched conveniently. Every object attribute, including custom defined attributes, can be indexed and
efficiently searched. For example, users can search for a document's title, its author, for keywords, or
for a document's creation or last modification date. The query language for attribute searches is very
flexible and supports boolean searches and regular expressions.

• With the use of meta-information, searches are not restricted to text documents. Images or sounds can
be searched as well as links or collections, if they have titles, keywords or any other searchable
attributes attached.

• The architecture of Hyperwave supports distributed searches. A query can be formed and sent to a
number of servers, which perform the search in parallel and send back the results.

• HWIS offers the possibility to store searches as query objects. To the user, query objects look like
collections, but their content is created dynamically. Every time a query object is accessed, the
previously stored search is carried out again. Query objects can be defined to be activated
automatically in certain time intervals. Combined with a notification mechanism this allows users to be
notified by HWIS of search results.

5.3 Server Architecture
While the Hyperwave Information Server appears to a user as a monolithic block of software, it consists of
a number of modules organized in three layers, as shown in Figure 5.3. Wavemaster and waveslave, the
modules in the gateway layer convert Hyperwave's HG-CSP protocol HTTP and provide the Web user
interface for access to the functionality of HWIS. Wavemaster and waveslave will be described in a
subsequent section [→  5.4]. Other Hyperwave clients, such as the HWTools, can communicate with the
server in HG-CSP, so they can circumvent the protocol conversion layer.
The second layer is the session layer, where one hgserver process is running for every user connected to
the Hyperwave Server10. Hgserver receives HG-CSP commands as described in the next section. It divides
the commands into a series of smaller operations, which are sent to the processes in the database layer.

                                                  
10 On platforms that support threads, like for example Windows NT, threads are used instead of processes.
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Gateway Layer
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Figure 5.3: The server architecture of HWIS

Three processes are running in the database layer: the database process wavestore, the document cache
process dcserver, and the fulltext process ftserver.
• The wavestore process accesses Hyperwave's object database, where all objects with their meta-

information and all relations between objects are stored. The objects can be documents, anchors,
collections, users and user group records. The relations between objects define links and collection
membership.

• While the wavestore process is responsible for handling the objects' meta-information, the content of
documents is managed by the dcserver process. The dcserver process is also responsible for running
CGI-programs, and for getting and caching remote documents from other Hyperwave servers.

• The third process is the ftserver process, which maintains the fulltext index of all documents on a
Hyperwave server. For every text document that is inserted into the server, its words are indexed by
this process. Similarly, all words of documents removed from the server are removed from the fulltext
index by the ftserver process.

5.3.1 HG-CSP - Hyper-G Client Server Protocol
HG-CSP, the Hyper-G Client Server Protocol, is the protocol native clients and the modules of the
gateway layer use to speak with the hgserver process of a HWIS. In contrast to HTTP, which was designed
for simple data transfer between client and server only, HG-CSP gives a client full control over
Hyperwave's internal object database, allowing to insert, modify, and delete objects.
Like most Internet protocols, HG-CSP uses a client-server architecture and is based on TCP/IP. Usually
the hgserver process listens to port TCP 418. HG-CSP can be transmitted in two forms, a human readable
form and a more compact and efficient binary form, which is usually used. It is a connection-oriented
protocol, which means that every time a new user connects to the server, a connection is opened for a new
client session, and that connection is used until the session is ended or timed out. HG-CSP is also a stateful
protocol, so the server maintains state information for every client session, such as the user's identity or the
user's preferences. Being binary, connection-oriented, and stateful, HG-CSP rules out the problems of
HTTP as discussed in the World Wide Web chapter of this thesis [→  3.3.1.5]. For a full specification of
HG-CSP refer to [KP96].
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5.4 Wavemaster
Hyperwave Information Server is accessed through standard Web servers. A separate module of HWIS is
responsible for generating the Web user interface of HWIS. This module is called Wavemaster11. It
translates between the protocols HG-CSP and HTTP, it maps Web URLs to Hyperwave URNs, and it
interprets Hyperwave templates, which contain the user interface definitions written in PLACE or in
Hyperwave’s server-side JavaScript. Detailed information about implementation considerations of the
protocol and address translation of Wavemaster can be found in [Ess96]. The design and implementation
of the scripting languages PLACE and Hyperwave’s server-side JavaScript can be found in [Vol98].

5.4.1 Protocol Translation
The first task of Wavemaster is to translate between Hyperwave's HG-CSP protocol and HTTP, which can
be understood by Web browsers. As it was illustrated in Figure 5.3, Wavemaster can be seen from two
different viewpoints. From one viewpoint it client, accessing the session layer process hgserver using HG-
CSP. From the other viewpoint, It is a Web server, providing information for Web clients, which access it
by using HTTP.
As described above, HG-CSP is a stateful, connection oriented protocol, while HTTP is stateless and
connectionless. To translate HTTP to HG-CSP Wavemaster has to relate single separate HTTP requests to
HG-CSP user sessions on the Hyperwave server. In early versions of Wavemaster this was done by
attaching a so-called session key to the URLs of documents on a Hyperwave server. Today this session
keys are stored as HTTP Cookies and are hidden from the user.

5.4.2 Address Translation
While documents on the World Wide Web are addressed by the use of URLs, HWIS uses global object
identifiers, which act more like URNs. Documents on a Hyperwave server can be accessed through the
World Wide Web by using these global object identifiers to build URLs. More conveniently, it is possible
to specify Name attributes for documents, through which they can be accessed as if the Name attribute was
their path in the file system of a standard WWW server.

Template Definition

server side
JavaScript PLACE

Document on HW Server Document delivered to Web client

wavemaster/-slave

Gateway Layer

Figure 5.4: Wavemaster retrieves a document from the server and provides the user interface defined in
the Hyperwave templates, before the document is sent to the Web client.

                                                  
11 The module Wavemaster consists of two processes, wavemaster and waveslave.



Chapter 5. Hyperwave 71

5.4.3 Providing Additional Functionality
As described in previous sections, HWIS offers a lot more functionality than standard Web servers. To
make these features available through Web clients, Wavemaster provides an interface designed in HTML,
in which every retrieved document is embedded. HTML forms are used to implement features such as
searching or uploading documents. Figure 5.4 illustrates how Wavemaster retrieves a document as it is
stored in on the HWIS, and how it adds the user interface, which is defined in Hyperwave templates by the
use of PLACE and server-side JavaScript.
The next section will give an introduction to the user interface provided by Wavemaster. Before that, a
brief introduction of PLACE and Hyperwave’s server-side JavaScript is given in this section.

5.4.3.1 PLACE
PLACE is a simple proprietary meta-HTML language. It is used in the so-called called Hyperwave
template files, which customize the look of the interface within which documents are displayed.  PLACE
consists of standard programming language constructs like an if-statement, a while-statement, or a macro-
statement and a number of placeholders. PLACE statements are embedded in HTML code and are
enclosed by two percentage symbols. Wavemaster interprets the PLACE statements every time a document
is retrieved and substitutes them with HTML.

• Placeholders
Placeholders are the core of PLACE and provide access to various information provided by HWIS,
like for example meta-information about the currently shown document. A simple example for a
placeholder is object.title . A typical line in a Hyperwave template file is for example:

<TITLE>%%object.title%%</TITLE>

Every time a document is retrieved, this placeholder is evaluated to the title of the current object.
Placeholders can be of type string (like object.title), they can also be of type number or boolean
and evaluated in if- or while-statements.
A set of several hundred placeholders allows access to various information: placeholders of the form
object.* provide information of the current object. They allow access to the object attributes and the
object content and provide other information such as whether the object is editable for the current user.
Other placeholders are used in input forms, which provide the various functions of HWIS, like
authoring or searching.

• PLACE Syntax
The syntax of PLACE is very simple. Only two control-flow constructs, an if-conditional with an
optional else-branch and a while-loop, are supported. These statements branch or loop dependent on a
boolean expression. Such a boolean expression can be a placeholder of type boolean, a comparison of
placeholders logical combination of these. Further there is a macro construct allowing the definition of
a piece of PLACE code as reusable macros and an include construct that allows the inclusion of
PLACE files in other PLACE files. Macros and includes support structure and readability of PLACE
files.

Although the syntax of PLACE is fairly simple (for example there are no variables in PLACE), a wide
range of user interface needs of HWIS can be covered with PLACE. Note that the Hyperwave templates of
the standard user interface of HWIS 4.1 are mainly programmed in PLACE. The implementation of the
annotation extension for the GENTLE prototype [→  8.3] was also done in PLACE. For a guide to PLACE
programming and a list of all placeholders and their function refer to [MM98].
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5.4.3.2 Hyperwave’s Server-side JavaScript
PLACE allows the customization of the user interface to a certain degree. Some tasks cannot accomplished
in PLACE, because of the simplicity of the language. As mentioned above, there are no variables available
in PLACE. It is also not possible to access arbitrary objects on the server in PLACE. Only information
related to the current object (the object referred to by the current URL of the Web browser) can be
displayed simultaneously. That makes it, for example, impossible to display collection hierarchies in
PLACE. Another disadvantage of PLACE is, that it is rather hard to learn. To program PLACE one has to
remember a large number of placeholders and in which context they have to be used.
These problems of PLACE were the reason that a new scripting language was needed for Hyperwave
template programming. The choice was JavaScript, a language that becomes increasingly popular in the
Web community, on one hand for Web client programming, on the other hand also for Web server
programming. Netscape’s Web servers can be programmed in JavaScript. For Hyperwave Information
Server JavaScript was licensed from Netscape and extended to Hyperwave server-side JavaScript.

The project GENTLE [→  chapter 6] is completely implemented by the use of Hyperwave’s server-side
JavaScript. The implementation of the annotation extension for GENTLE is described in a later chapter of
this thesis [→  8.4]. A reference to Hyperwave’s server-side JavaScript can be found in [Hyp98b].

5.5 User Interface
Every document delivered by Wavemaster consists of two parts: The document itself and the Wavemaster
interface that allows access to Hyperwave's additional functionality. Note that the design of the interface is
completely customizable. The illustrations in this section show the interface as it comes with the
distribution of HWIS. In chapter 6 and chapter 8, screenshots of different interfaces can be found.12

While the World Wide Web only knows documents of different MIME types, documents served by HWIS
can also be composite documents such as collections, clusters, and sequences. A document with its meta-
information is shown in Figure 5.1, a collection is shown in Figure 5.2. Clusters look like documents,
although they may consist of more than one document. Documents in sequences are displayed with
additional navigation buttons. In the Figure 5.1 and Figure 5.2 the header and the footer provided with
each document can be seen. They document header provides access to the additional functionality
provided by HWIS. The document footer provides additional information such as the current user, or
owner and the last modification date of the currently displayed object.
The functionality of header of the documents differs depending on whether HWIS is accessed in viewing
mode or in authoring mode.

5.5.1 Viewing Mode
Figure 5.2 shows the header in viewing mode. The header contains six links leading to different functions
of HWIS:
• Clicking on the Search link opens a new window, in which search terms can be entered. In an

extended search additional search functionality is provided, like a searching for documents of a certain
author or documents that were provided before or after a certain date. Search results show a search
score for each found document, its title, and an excerpt of the document. Searches can be stored as
query objects.

                                                  
12 Examples for other interfaces can be seen at the Hyperwave servers at http://www.hyperwave.com ,
http://www.iicm.edu , or http://www.tu-graz.ac.at .
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• The Home link leads users to their home collection. Anonymous users are led to the rootcollection.

• The Preferences link opens a window, in which the user can set personal preferences, such as the
user’s preferred language or settings for the look of the user interface.

• Clicking on the Login link opens a window, in which the user has to enter username and password.

• The Help link leads to online help about HWIS.

• The Authoring link allows toggling between viewing mode and editing mode.

5.5.2 Authoring Mode
Figure 5.3 shows the header in authoring mode. In authoring mode the header provides a pull-down menu
with the following entries:

• Site
The Site menu offers the functionality that is also provided in viewing mode. Additionally the entry
Change Password allows users to change their passwords.

• Publish
The Publish menu contains various entries that give access to the authoring functionality provided by
HWIS. New documents can be uploaded to HWIS or entered in HTML forms in case of text
documents. New collections, sequences, and clusters can be created. The Publish menu also contains
the menu entry Note, which allows to create Annotations to documents.

• Modify
The Modify menu provides functions for the editing and modification of objects on the HWIS. The
attributes of an object can be modified in HTML forms. Similarly, text documents can be edited.
Documents of other document types can be replaced by uploading new documents. In HTML
documents Hyperlinks can be inserted, modified, or deleted. Documents can be moved in the
collection hierarchy, copied or deleted. The Modify menu also gives access to the locking and
versioning functionality of HWIS.

• View
The View menu contains three entries. Attributes opens a new window showing the document
attributes as shown in Figure 5.1. Header/footer off removes header and footer and shows the
document as it was originally uploaded to HWIS. This functionality can be used to edit HTML
documents on HWIS by the use of Netscape Composer, the HTML editor provided with Netscape
Communicator. The third entry in the View menu is Link Map. For the link map a new window is
opened which shows all the links leading to and from a document.

The Login and the Help entries provide the same functionality in Authoring mode as in Viewing mode.

5.6 Other Hyperwave Clients
HWIS can not only be accessed through Web clients. Some tasks, like for example the upload of whole
directory structures to HWIS is not possible through Web interfaces. Therefore, other clients are provided.

5.6.1 HWTools
For automated authoring on a HWIS such as mass insertion of documents or the modification of large sets
of documents the Web interface cannot be used. For these tasks a variety of command line tools called
Hyperwave Tools or HWTools exist, which can be combined in scripts to allow efficient document
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management on a Hyperwave server. A complete list of these commands and their functionality can be
found in [Hyp98a].

5.6.2 Virtual Folders
The Hyperwave Virtual Folders are a Hyperwave client for Windows NT and provide similar functionality
as some of the HWTools. They allow comfortable uploading and downloading of sets of documents by
integrating a HWIS into the Microsoft Explorer like an additional hard disc. Using drag-and-drop
documents can then be moved and copied within the collection hierarchy of the HWIS or from the HWIS
to the client’s file system. Figure 5.5 shows the same collection hierarchy that was already shown in Figure
5.2 as presented by the Virtual Folders.

Figure 5.5: Accessing HWIS with the Hyperwave Virtual Folders

5.6.3 ODMA Interface
Many MS Windows applications support the ODMA standard, which allows storing documents on
alternative storage media than hard discs or floppy discs. Hyperwave also supports the ODMA standard.
This allows applications to open documents directly from the HWIS and store them directly to the HWIS.
A typical use for the ODMA interface is the use of HWIS in combination with MS Office applications,
which support the ODMA standard.
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6 GENTLE
Hyperwave (and Hyper-G before) has always been a platform for various educational applications. In
1996, the project LATE was initiated at the IICM [Mau96b] to focus on the development of an integrated
Learning And Teaching Environment based on Hyperwave. The goal of LATE was the implementation of
a Web based training system. Later the project was renamed to GENTLE (General Networked Teaching
and Learning Environment), and a first prototype of GENTLE was used to support some of the university
classes at the Graz University of Technology during the university year 1997/98. Today, a first final
version of GENTLE – called Hyperwave Training Space (HTS) – is used at Graz University of
Technology. A customized version of HTS is used by the Deutsche Bankakademie for the training of bank
employees at the Dresdner Bank, a major German bank.

6.1 General
Hyperwave Training Space is an application based on Hyperwave Information Server implemented by the
use of server-side JavaScript. The only requirement for the installation of HTS is an existing Hyperwave
Information Server.

Figure 6.1: The entry page of Hyperwave Training Space

HTS provides a virtual classroom environment with authors, teachers, and students, who are assigned to a
number of courses. Authors are responsible for the creation of course material and teachers are responsible
for tasks like answering students’ questions. In many cases, the distinction between authors and teacher
might blur. All course participants enter HTS from a start page (see Figure 6.1), which leads them to the
courses provided on an HTS server.
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6.2 Course Material
The course material of a HTS course is structured hierarchically. By use of Hyperwave’s collection
hierarchy, course documents are organized in collections, which represent chapters and subchapters. A
course document is an HTML page, which can contain arbitrary Web-enabled material. In Figure 6.2,
which shows the table of content of a course, a typical course structure can be seen. The hierarchical
structure defines a linear sequence of all the documents.
Note the collections course overview, course logistics, and course exercises, which are standard collections
of every course. Course overview contains a general description of the course. The course overview is the
only part of a HTS course that can be accessed by students, who are not enrolled in the course. That way,
students can get an overview of a course which helps them to decide, whether they should enroll it or not.
Course logistics contains administrative information about the course and course exercises a description of
exercises that have to be completed for a course. Figure 5.2 in the previous chapter shows, how the course
information is stored internally in Hyperwave.
Additional course related material can be provided in the so-called background library of a course.
Documents in the background library are not shown in the table of contents. They are accessible through
the search facility of HTS.
In Figure 6.2, the main parts of a page delivered by HTS can be identified. The toolbar to the left allows
access to the functionality of HTS, such as the Search function or the Forum function. At the top, the
navigation bar provides information about the current position in the course material, and a set of buttons
for navigation.

6.2.1 Navigation
The hierarchical structure of a HTS course aids navigation. A table of content can be dynamically created
to provide an overview of the course. The buttons in the HTS navigation bar allow a student to move to the
previous or next document in the document sequence and to move to the first or last document of a chapter
or subchapter.
As an additional navigation method, all course material can be searched. The Search button in the toolbar
provides access to the HTS search facility, which is based on Hyperwave’s search functionality. A search
window opens, in which the student can search the course content and optionally also the background
library. Search results are displayed in the search window, if they are clicked on, the found document is
displayed in the main window.

6.2.2 Individualization
HTS allows course participants to individualize course content by the use of private annotations. Students
and instructors can take notes to whole chapters and documents or to text passages. The annotation feature
of HTS is described in detail in the chapter about the implementation of the annotation feature [→  8.4].
Hyperwave’s access right system allows to provide course material for individual students. This
functionality is currently not supported by the HTS interface, so it can only be achieved by setting access
rights manually by the use of Hyperwave’s standard interface.

6.2.3 Authoring
Authoring of HTS courses is a three-step process. First, course pages are created offline with an HTML
editor of the course author’s choice. Then a new HTS course is created by the use of the HTS Course
Wizard. The course contents are then uploaded and organized with the HTS Structure Editor.
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The HTS Course Wizard allows the creation of an empty course structure and the definition of basic
course information - like the course instructors or the course overview - in a simple way. A few HTML
forms have to be filled out and the course structure can be built.

Figure 6.2: The table of contents shows the structure of a HTS course.

After an empty course structure has been created, it is filled with content by use of the Structure Editor. To
avoid the clumsiness of HTML interfaces for organizing course content (a problem of the systems
TopClass [→  4.2] and WebCT [→  4.3]), the Structure Editor is a Java applet. Thus, it can be accessed by
any Java-enabled Web browser and still provides a comfortable user interface. By use of the Structure
Editor, HTML content prepared in the file system can be uploaded and organized as reusable course
modules. All course modules are stored in a module repository. A course author builds a new course by
putting together course modules from the module repository. At the time of writing, the Structure Editor
exists as a prototype. It has not yes been fully integrated in the HTS environment.

6.2.4 Student Area
On an HTS server, each student has his private area. This area is accessible through the button Study Room
as shown in Figure 6.2. The study room contains three different sections. The first section – the courses
section – gives an overview of all courses, which the current user is enrolled in, which are suggested for
him and which he has already finished. The second section allows access to a student’s business card,
which stores essential information about a student, such as his name, email address, or an image of the
student. The third section – the user’s personal area, allows the student access to private workspace on the
HTS server, for example to create a personal homepage or to upload assignments. At the time of writing,
the personal area is accessed through Hyperwave’s standard interface, although an integration of the
personal are into the interface of HTS is planned.
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6.3 Communication and Cooperation
Three different functions allow communication within HTS. A messaging system, a discussion forum, and
the annotation feature.

6.3.1 Messaging system
The messaging system allows one-to-one communication between course participants. It can be combined
with email, so that users are notified by email each time they receive a message in the messaging system.
Instructors can send messages to whole classes. The messaging system can be accessed by clicking on the
Message button in the toolbar. (see Figure 6.2) An additional window opens for the messaging system, so
that the user does not lose the context of his current work.

6.3.2 Discussion Forum
The discussion forum allows threaded electronic discussion. An interesting aspect of the discussion forum
is that discussion articles can be of different types. For example, discussion articles can be created as
questions or answers and they can be used to express agreement or disagreement to other discussion
articles. Like for the messaging system, a separate window is opened for the discussion forum. Figure 6.3
shows the discussion forum window. . Note the different types of discussion entries and that a discussion
forum can be split in various discussion rooms for discussing different topics.

Figure 6.3: The HTS discussion forum.

6.3.3 Annotations
The annotation feature of HTS is unique. No other current WBT system supports similar functionality.
Annotations cannot only be used to individualize course material by taking private notes to course
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documents, annotations in HTS can also be used as a means for communication. Public notes can be
attached to documents and become accessible to all course participants. Question-answer dialogs allow
students to ask questions, which are answered by instructors. Questions and answers are then accessible for
other course participants.

6.3.4 Synchronous Communication
The current version of HTS does not support synchronous communication. Currently, various tools for
synchronous communication (chat and whiteboard tools) are evaluated for integration in HTS.
Alternatively, these tools might be developed by the Java development team in the IICM.

6.3.5 Cooperation
Hyperwave’s access rights system in combination with its locking and versioning mechanism allows the
creation of shared workspaces, collections on the server, in which documents can be created and edited
cooperatively. This functionality is currently only available through the standard interface of HWIS, but
will be integrated in HTS in further versions.

6.4 Tests, Examinations, and Assignments
Currently tests, examinations, and assignments are not implemented as separate modules in HTS. Of
course, it is possible to implement self-assessment tests by the use of JavaScript or Java. Real test,
examination, and assignment functionality has to be combined with tools that support review and marking.
It should also be integrated in some kind of progress and performance tracking. This will be implemented
in further versions of HTS.

6.5 Course Administration
At the time of writing, a course administration module is under development, which will allow the
modification of courses and as well as user and team management. Currently, only course creation is
supported. (by the Course Wizard, as described above.) Modification of course information and user data
currently has to be done in the standard interface of HWIS. HTS does not support any progress and
performance tracking at the time of writing.
Layout customization for HTS is currently done on a programming level. For the Deutsche Bankakademie
a customized version has been developed. Figure 6.4 shows a screenshot of the layout of this version.
Note, that while the layout differs strongly from the standard HTS layout, the functionality is generally the
same. In the programming design of HTS layout and functionality are strictly separated, so that
implementing a new layout is not too much effort.

6.6 Offline Support
The development of offline support for HTS has started in fall 1998. Based on the CD-ROM Tool of
HWIS, a tool is developed that allows accessing HTS courses offline. The user’s view of an offline course
will look similar to an online course. Functionality like searching in the course material will be accessible
through Java applets. The implementation mechanism that allows the usage of asynchronous
communication tools (messaging, discussion forum, and annotations) even when working offline is
planned.
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Figure 6.4:  A course page in the customized HTS version for the Deutsche Bankakademie.

6.7 Conclusion
At the time of writing, Hyperwave Training Space is still in the project phase, it is not a finished product.
Standard features of other WBT systems are still missing in HTS. The most important of these are
probably progress and performance tracking and tools for the creation of tests and examinations.
The main advantage of HTS in comparison with the systems described in chapter 4 is its user interface. By
the use of advanced HTML and JavaScript, participating in a HTS course is more comfortable than
participating in a similar course provided by TopClass or WebCT. An interesting feature not found in a
similar form in other WBT systems is the annotation feature, which will be discussed in detail in chapter 8.
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7 Annotations
When we read text on paper, we usually do not only passively read it, but we actively work with the text,
for example we highlight and underline passages of the text and we make notes to the text. Note taking
helps us to get a deeper comprehension of the text. Notes can be personal thoughts concerning the text
scribbled in the margins. They can be used to remember to reread sections of a text, or they can be
questions indicating that a part of the document was not understood by the reader. Notes can point to
related ideas in other books or articles, or – in a review and revision context - they can be suggestions for
changes to a document. I will use the term annotation for these different types of notes throughout this
chapter.
This chapter will first discuss how annotations are typically taken on printed texts. Then the additional
possibilities of annotations in electronic texts are introduced and a few common applications, which offer
an annotation facility, are briefly described. The relation between annotations and hypertext is discussed.
Finally, the possibilities of an annotation facility based on World Wide Web technology are investigated
and requirements for an annotation feature for a WBT system are collected.

7.1 Annotations on Paper
If an implementation of an annotations facility should be considered for a hypertext system, it is important
to look at readers’ habits of taking notes. In [Mar97] and [Mar98] Marshall presents an interesting
approach of studying annotations on printed material. She observed the annotations made by students in
university textbooks. As the source of her observations she took a university bookstore, which buys back
used textbooks regardless whether they were annotated by their former owners or not. By analyzing the
annotations in more than 400 textbooks, Marshall got an overview over typical annotation habits.
It should be noted that students’ notes in university textbooks represent a somehow specific form of note
taking. Many other forms of note taking are conceivable. But as the annotation facility developed in this
thesis is used in educational settings and the annotatable material in these settings is comparable with
university textbooks, Marshall’s findings should be considered for an implementation.

7.1.1 The Process of Annotating
Using annotation tools demands a certain amount of attention. Marshall assumed that students would
automatically avoid disruption of the main reading task by using different annotation tools. This
assumption was proven right, as nearly all students stuck to one annotation tool, even if other tools were
available and would have been handier. For example, students who used highlighter pens for highlighting
used the same tool for writing marginal notes. From this finding, Marshall concludes that the process of
annotating must be as simple as possible in order to not disrupt the main reading task.

7.1.2 Form of Annotations
Analyzing the form of the annotations, Marshall distinguishes between annotations within the text and
annotations in the text margins or in other blank space of the textbooks. Annotations within the text are
typically just highlightings or very brief notes like the translation of words in a foreign language. The text
margins are used on one hand for longer notes and for working problems, on the other for all sorts of
brackets and braces, for asterisks and stars, and for arrows to connect within-text markings to other
marginal markings.
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Because of the private character of the notes, they are often telegraphic, incomplete, and opaque. Often
such annotations pose interpretive difficulties for anyone other than the original annotator.

7.1.3 Function of Annotations
Another finding concerning the form of annotations is the granularity of annotations. Annotations can be
attached to a single word or a phrase. Brackets and braces are used to indicate that annotations refer to
whole paragraphs. Sometimes annotations relate to whole sections or chapters.
From the form of annotations, it is possible to draw conclusions about the function of annotations. Most
frequently, annotations are used by students to remember future attention. Important text passages, which
should be reread or the content of which has to be known, are annotated. In contrast, less important text
passages are sometimes crossed out. Annotations are used to create an individual version of the text.
Another function of annotations is interpretation, as for example stating agreement or disagreement with
the text. Annotations in textbooks are also used for in-situ problem working, like checking a formula or a
theorem in the margin near where it is stated in a mathematics or chemistry textbook.

7.2 Annotations in Electronic Documents
In electronic documents, readers should have similar tools to take notes as in printed texts. For example, it
should be possible to highlight phrases or to make marginal notes. Additional functionality can be easily
provided. System can maintain meta-information of the note, such as the date when the note was taken or
the name of the user who took the note in multi-user systems. An overview of all notes to a document can
be provided. Many common text processing and text reading applications support some note taking
functionality. Three examples for different applications – a text reader, a word processor, and an electronic
dictionary – are briefly illustrated here.

• Adobe’s Acrobat Reader
Adobe’s Acrobat Reader is an application for reading PDF documents. The reader can enter arbitrary
text as a note to a document page. The note is represented as an icon similar to a Post-it and can be
dragged to any position on the document page. By double-clicking the note icon, the note can be read
and edited. The username of the author of the note (that is for example the current MS Windows user,
if using MS Windows) and the time when the note was created are maintained by the application. To
distinguish different types of notes, the user can change the color of the note icon. Notes can be
exported and imported. That way small note files can be sent from the annotator to the author of a
document instead of the whole PDF document. Acrobat Reader also allows creating a note summary
document. This is a new PDF document, which lists all notes to the current PDF document.

• Microsoft Word
Microsoft Word provides a highlight and a comment function. The highlight function allows
highlighting text passages in different colors. With the comment function the user can select a phrase
and create a note to it. The content of this note can be text, but MS Word also allows audio comments.
The user can record some verbal remarks and store them as an audio comment. After creating a
comment, the commented phrase is highlighted, and if the user moves the mouse pointer over the
highlighted phrase, the annotation author’s name (the MS Windows user who created the comment)
and the annotation text are displayed in a small pop-up window. MS Word maintains a list of all
comments and provides navigation tools that allow jumping directly to the previous or next comment
in a document.
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• PC Bibliothek
The PC Bibliothek is an MS Windows application developed at the IICM for electronic provision of
dictionaries and encyclopedias. It is used, for example, as the electronic publishing media for the
encyclopedias and dictionaries of the German publishers Langenscheidt and Duden.
Like MS Word, the PC Bibliothek provides a highlighting and a comment function to allow personal
notes to encyclopedias and dictionaries. For highlighting different colors are provided. Comments are
inserted similarly as in MS Word. Additionally, the user can hierarchically structure the notes to an
encyclopedia or dictionary.

While many applications support some form of note taking, it seems that readers do not use these facilities
to annotate as extensively as they would do on paper. In [OS97], O’Hara and Sellen compare the
differences of the annotating process between reading from paper and reading from screen. They provided
two groups of volunteers with the same text, once in printed form, once in electronic form. The group with
the electronic form could use the possibilities of a word processor for note taking. The authors come to the
result that annotation on paper is relatively effortless and smoothly integrated with reading compared to
annotation of electronic text, which is cumbersome and distracts from the reading task. The tools for
annotating the electronic text did not provide the richness and variation of annotations on paper. Another
finding was that the test persons did not want to tamper with the original text as possible in the word
processor. They wanted their marks and notes perceptually distinct from the original document.
The consequences of O’Hara and Sellen’s and similar experiments are clear. Ideally, an annotating system
should provide free text annotation with stylus input. It should allow annotations to be made in context and
as a distinct layer on top of typed text.

7.3 Hypertext and Annotations
Hypertext is an ideal medium for the representation of annotations. Hyperlinks represent the relation
between an annotated document and its annotations. Already in the first description of a hypertext system,
Vannevar Bush’s article “As we may think” [Bus45], the author mentioned annotations. He describes, how
his Memex machine allows easy access to any book in a library and that the reader “can add marginal notes
and comments [… ] by a stylus scheme [… ] just as though he had the physical page before him”.
Annotation is a fundamental aspect of hypertext. Most hypertext systems support some annotation facility
that allows readers to make commentaries, to make connections to other material, to gather and interpret
material, in summary to augment a body of interrelated material.
Annotations are a means to overcome the distinction of authors or writers and readers of hypertext. Instead
of the reader being a navigator through the hypertext, the reader also becomes an annotator. The role
between readers and writers blurs. In hypertext literature, the term “wreader” can sometimes be found to
describe this new role of a hypertext user.
In a networked hypertext system, the possibilities of annotation use by far exceed the possibilities of taking
personal notes to a document. The next few sections give an overview over possible applications of
annotations in such systems.

7.3.1 Personal Annotations
Personal or private annotations in electronic texts represent the note a reader takes between lines of printed
text or in the margins of printed text as discussed before. Examples of implementations of such personal or
private notes have been shown in the section about common applications supporting annotations [→  7.2].
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7.3.2 Public Annotations and Group Annotations
In printed texts, annotations are usually private. They are taken by the reader with the intention to be used
by the same reader again. Public notes on printed material are an exception found for example in annotated
editions of scholarly works, or in second-hand books as dealt with in Marshall’s annotation studies.
However, the use of such public annotations is obvious. In his Hypertext’87 keynote address, Andries van
Dam justified the implementation of a public annotation feature in the hypertext system FRESS by saying:

“[… ] I remembered that when I was in college with Ted [Nelson], I would always grab the
dirtiest copy of a book from the library rather than the cleanest one, because the dirtiest had the
most marginalia, which I found helpful.”

Marshall’s studies show similar findings. Students browsed available textbooks for annotations of their
previous owners and often heavily annotated copies were preferred to “clean” ones with little or no
annotations.
In electronic texts provided in networked environments, the possibility of public notes gets a different
dimension. Notes do not become public accidentally, but they can be taken as public notes intentionally.
For such public annotations, some style guidelines are needed. A telegraphic, incomplete annotation,
which meets the annotators requirements of a private note, might not be useful as a public note, if its
meaning is unclear to other users.
As public annotations are available to all users as soon as they are attached to a document, they become a
means for communication. Instead of sending a message to other users referring a certain text passage of a
certain document, a user can simply attach a public note to that text passage. The use of public annotations
in educational settings is manifold. Students can provide feedback to the course material, they might ask
questions about the course material, or the course material can be the starting point of a discussion between
course participants. See the next sections for a discussion of question-answer dialogs by the use of
annotations [→  7.3.4] and annotation-based discussions [→  7.3.5].
Group annotations are a special case of public annotations. Instead of making an annotation accessible to
all users, it is only made accessible to certain users. In educational settings, the conceivable applications of
group annotations are manifold. They can be used in teamwork situations, where a group of students works
together on documents. They can be used for class annotations, where annotations to the course material
are relevant for one class, but not for another.

7.3.3 Notification of Annotations
It has been mentioned before that public and group annotations can be used as a means of communication.
Instead of sending a message referring to a certain text passage in a certain document, this text passage is
simply annotated with a public or group annotation. In this case, users have to be notified of new
annotations. This can be done in two different ways. Either the users actively request information of new
annotations, e.g. by searching the system for all new annotations, or the system sends notification about
new annotations through an existing message channel, such as for example email.

7.3.4 Question Answer Dialogs
One application of group and public annotations - especially in educational settings - is to ask questions
about documents. Typically, a student asks a question about a text passage in the course material that is
unclear to him. Teachers and tutors of the course – and maybe fellow students as well – are notified of the
question and asked to answer it.
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Some details should be considered when question-answer annotations are implemented. It should be
apparent for the reader to identify, whether a question annotation is already answered or not, without even
opening the annotation. Similarly, the competence of the author of the answer should be apparent. An
answer by a teacher should be visualized differently than an answer by a student.

7.3.5 Annotation-based Discussions
If a system storing electronic documents stores an annotation just like any other electronic document,
annotations can be annotated just like any other document. With annotations to annotations, electronic
discussions can be implemented. Any annotation can be the starting point of a discussion thread.
If annotations are used to implement threaded discussions, the provided user-interface has to be adapted
for these special needs. Following discussion threads should not be tedious opening of a number of
annotation windows. Instead, it should be possible in a simple manner to get an overview of whole
discussion threads, as it is possible in electronic discussion applications such as Usenet News.

7.3.6 Anonymous Annotations
A special form of public annotations are anonymous annotations. While they are accessible to all users, the
original annotator is not identified. In an educational setting, anonymous notes are important for question-
answer dialogs and annotation-based discussions. A student, who wants to ask a question about a
document, which is of interest for other students as well, but who does not want to admit his ignorance,
might ask his question by the use of an anonymous annotation. In a discussion, a course participant who
wants to contribute a provocative article can do this anonymously.

7.3.7 Review and Revision
Annotations can be used to support the process of review and revision of documents in collaborative
authoring environments. A reviewer attaches comments to a document, which can be incorporated in the
next revision of the document. This can be accomplished by the use of group annotations. A group of
reviewers can insert annotations to the document, and the reviser of the document can read these
annotations. Suggested changes can be copied from the annotation and pasted in the document.

InterNote [CBY89], the annotation module of Intermedia [→  2.2.7], supports the process of review and
revision with specific annotation types and a technique called warm linking. To create a review annotation,
the reviewer selects the text passage to be revised and activates the annotation creation. The selected text
passage becomes the anchor of the annotation. A window with two frames opens, where the revised text is
inserted in one frame and some comments concerning the revision can be entered in the other.
When revising the document, an author has not only the possibility to read annotations and suggested
changes, he can also directly incorporate suggested changes. By activating a “incorporate annotation”
action, the content of the annotation is “sent down” the link and replaces the original annotation anchor.
This possibility to send data over a link on a user’s request was a general facility in InterNote and was
called warm linking.

7.4 The Web and Annotations
The architecture of first generation Web servers makes a clear distinction between readers and authors and
therefore does not allow annotations. Interestingly, the first popular Web browser, Mosaic, supported
private annotations and, in a late version, also work-group annotations. Private annotations were stored in
the client’s file system, work group annotations on an additional annotation server. Neither Netscape nor
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Microsoft adopted this functionality for their Web browsers. However, Mosaic’s annotation support was
rather simple and only allowed text annotations to whole documents. Generally, annotation functionality
should be provided by Web servers and not by Web clients, so that access with arbitrary Web clients is
possible and annotations are stored where “they belong to”, on the same server as the annotated
documents. The architecture of second generation Web servers such as Hyperwave supports annotations in
that way.
Of course, an implementation for annotations on the Web is restricted to the possibilities provided by Web
technology. In the sections before it has been demanded, that annotating must be seamlessly integrated
with reading. Ideally, it should be possible to create annotations with a pen-based device on a layer over
the original document.
Unfortunately, this is not possible on the Web. Typically, users will not possess a pen-based device for
annotating and even if they had one, the current HTML standard does not allow an implementation of
overlaid free-form annotations. Of course, the use of specialized hardware and software could be realized
by utilizing Plug-Ins or Java applets. But in that case the main advantage of an annotation facility for the
Web would be lost, which is that every user can access it with a standard Web browser.
With these restrictions, the best possible implementation of a user interface for annotations on the Web is
an implementation similar to the implementations of applications like MS Word or PC Bibliothek as
described before. The user selects some text, which can then be annotated. Care has to be taken that the
distraction from reading is little and annotating takes as few steps as possible.
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8 Implementations of the Annotation Feature
The practical part of this thesis was the implementation of an advanced annotation feature for Hyperwave.
It should allow easy creation of different types of annotations, and annotations to arbitrary parts of
documents, not only to whole documents. During the time this thesis was written, three different
implementations were completed.
The first implementation was done as a project at the Hypermedia Unit at Auckland University from
November 1996 to February 1997 and was based on Java applets and Hyperwave Information Server 2.0.
In 1997's course Multimedia and Hypermedia Systems held by Jennifer Lennon at Auckland University
this implementation of the annotation feature was integrated into a learning environment, in which all
course material was available on the Web.
The second implementation was carried out at the IICM from August to October 1997 as a part of the
prototype of the WBT system GENTLE [→  chapter 6]. At that time Hyperwave Information Server 2.5
was available, in which the interface configuration language PLACE had been extended to allow inline
annotations and annotations of different types. This second implementation used PLACE and CGI-scripts.
The GENTLE prototype was used by students of the Graz University of Technology in various classes
during the winter semester 1997/98 and the summer semester 1998.
Finally, the third implementation was again done at the IICM during summer 1998 as part of the first final
version of GENTLE. This implementation is based on Hyperwave’s server-side JavaScript, which became
available with the release of Hyperwave Information Server 4.0. As part of GENTLE it is currently used
and evaluated in various classes at the Graz University of Technology and in a major WBT project of the
Deutsche Bankakademie.
This chapter describes general aspects of the implementation of an annotation feature in Hyperwave and
the details of the three different approaches.

8.1 Inside Hyperwave
To understand how the annotation extension works needs more insight into HWIS as provided in chapter
5. This section describes how access rights, links, and annotations are realized in Hyperwave.

8.1.1 Access Rights
Access rights for Hyperwave objects are defined by use of the object attribute Rights. By use of this
attribute, read and write access can be specified for documents, collections, and anchors. For collections
additionally the right to unlink documents from the collection can be defined. Access permission can be
given to single users or groups of users.
The value of the Rights attribute consists of a field for read access indicated by 'R:', a field for write
access (W:) and a field for unlink rights (U:). These fields are separated by semicolons. Within these fields
single users are specified by using the format 'u user1 user2 user3 ... ' and groups of users by 'g
group1 group2 group3 ... '. The user part and the group part are separated by commas. Additionally
the notation 'a' can be used to give only the author of a document access to the document, like for example
in 'R:a'.
By default, that is if no Rights attribute is given for a document or a collection, all users (including
anonymous users) have read access, while only its author and users with system privileges have write and
unlink access. For anchors the author of the document that contains the anchor has write access, too. A
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user with write access to a document can delete and modify the document. However, only the author of a
document may change the document's Rights attribute, and only system users may change a document's
Author attribute.
Write access to an object implies read access. Unlink access is given to all users with write access if the
unlink field of the collection is not present or left empty. Otherwise only the users and groups listed in the
unlink field have the right to unlink documents from the collection. As a special case, in U:a, 'a' refers to
the authors of the documents in a collection and not to the author of the collection itself, therefore allowing
the authors of the documents in the collection to unlink them from the collection.
The attribute Rights allows two more fields, 'L:' and 'I:'. 'L:' is only meaningful for documents and is
used to limit the number of simultaneous users within a set of documents. A description of how this
mechanism works in detail can be found in [Mau96a].
The 'I:' field is used for collections to control the inheritance of default access rights to its children. For
example I:R means that the read access rights of the collection should be suggested as default read access
rights for new documents inserted in the collection. Note, that the information in the 'I:' field is not
interpreted by the server and that it can only be used to suggest access rights for new documents, but not to
enforce them.

8.1.2 Links
As described in chapter 5, Hyperwave separates links from documents and stores them as objects in its
database. Figure 8.1 shows the realization of links in detail.

Figure 8.1: a) a link from a source anchor to a destination anchor.   b) a link from a source anchor to a
whole document.

The starting point of a link is a source anchor defined in the source document. The endpoint of a link is
either a destination anchor as shown in Figure 8.1 a) or a whole document as shown in Figure 8.1 b).
Instead of a document, the endpoint of a link can also be a collection or a cluster. Source anchors and
destination anchors are objects in Hyperwave's database, the link itself is stored as a relation between a
source anchor and a destination anchor (case a) or between a source anchor and a document (case b). The
direction of a link is defined as leading from its source anchor to its destination, but it can be followed in
both directions, links are bi-directional. While a source anchor always points to exactly one destination, a
destination can be pointed to by any number of source anchors.
Hyperwave supports typed links. The attribute LinkType in a source anchor defines the type of a link.
There exist several possible values for LinkType, for example annotations are implemented by links of
the link type ANNOTATION.
To specify the position of source and destination anchors in a document, the attribute Position is used.
Its value is defined by two integers which define the position of the starting point and the ending point in
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the text of the document an anchor belongs to. 13 Starting points and ending points of anchors may overlap,
allowing text regions to belong to more than one anchor. An additional possible value for the attribute
Position is invisible. Invisible source anchors can be used to define whole documents as link
sources.

8.1.3 Annotations
Annotations have always been part of HWIS functionality, supported by the link type ANNOTATION. Only
the interface to the annotation feature provided by Hyperwave's clients was rather poor for a long time, not
allowing inline annotations or annotations of different access rights or different types. The Web interface
of HWIS 4.1 supports inline annotations and annotation access rights. Different annotation types are not
provided.

Figure 8.2: a) an annotation with visible source anchor.  b) an annotation with invisible source anchor.

Figure 8.2 a) and Figure 8.2 b) show the concept of how annotations are implemented in Hyperwave. A
link of type ANNOTATION establishes the relation between a  document and the annotation. In contrast to
what one might expect, the link's source anchor is defined in the annotation document and its destination is
the annotated document. There is a simple reason for that. Source anchors to a document may only be
created by users who have write access to that document, while for the creation of destination anchors to a
document read access to that document is sufficient.
There are two different strategies to define annotations: Figure 8.2 a) shows an annotation, where text in
the annotation title is used as source anchor of the annotation link. This approach has the disadvantage that
if the user modifies the annotation title, the annotation link can get lost. Alternatively, annotations can be
created as illustrated in Figure 8.2 b). The attribute Position of the annotation link's source anchor is set
to invisible, so that no specific anchor text is defined and the whole source document becomes the
source of the annotation link.

8.1.4 Inline Annotations
The previous sections described annotations to whole documents. Inline annotations are annotations to a
part of a document. The link with LinkType set to ANNOTATION in Figure 8.3 illustrates how inline
annotations are implemented. Comparison with the “traditional” implementation shown in Figure 8.2
shows that instead of pointing to the whole annotated document, inline annotations point to a destination
anchor in the annotated document.

                                                  
13 Anchors can also be defined for images and movies, with more complex values for the attribute
Position.
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Figure 8.3: An annotation as created by the annotation applets.

Note, that in Figure 8.3 two links are established. One is of type ANNOTATION and points from a source
anchor in the annotation document with the attribute Position set to the value invisible to the
annotated text in the annotated document. This link builds the actual document-annotation relation. A
second link points from the title of the annotation to the same destination anchor as the first link. This link
is not part of the actual document-annotation relation. It only provides a way for users to get from the
annotation back to the annotated document. It is of no special link type and can be modified or deleted by
the annotation author.
Inline annotations have to be visualized in some way in the Web interface. This has to be done by use of
HTML. The first idea to accomplish visualization was to use links of different font style or of different
color for annotations, but if an annotated document uses these font styles or colors, the situation becomes
ambiguous. Annotating text that contains links also becomes impossible, as HTML is not capable of
handling overlapping links.
Therefore the idea of indicating the annotated text within an annotated document was dropped. Instead of
this, an icon at the beginning of the annotated text indicates an annotation in a document. Different icons
can be used to represent different annotation types.

8.1.5 Annotation Rights
Access rights for annotations can be defined by the Rights attribute for the annotation document. For
consistency reasons, the same Rights attribute should be set for source anchors and destination anchors
used with annotations.

8.1.6 Annotation Types
Different annotation types can be implemented by the use of different link types. In version 2.5 of HWIS it
has been standardized that for different annotation types the attribute LinkType should always be set to
ANNOTATION, and that an additional attribute LinkSubType defines the type of annotation.

8.2 Auckland - Java Applets
At the time of this first implementation, the Web Interface of HWIS was not by far as customizable and
programmable as today. Version 2.0 of HWIS did hardly support all the functionality of HWIS that was
supported by the native clients Amadeus and Harmony, which were then still in use. An implementation of
the advanced annotation feature for the native clients was still an option.
On the other hand, standard Web browsers like Netscape Navigator or Microsoft's Internet Explorer had
already become the most common clients for accessing HWIS through its Web interface. While the
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development of the Web module Wavemaster was pushed at Hyperwave, the work on the native clients
had already been reduced to general maintenance and bug-fixing.
Furthermore, native Hyperwave clients only ran under UNIX (Harmony) and Microsoft Windows
(Amadeus), while the most common systems at Auckland University, where the annotation feature was
used and evaluated, were Macintosh computers. To implement the annotation extension for the two native
clients would also have meant to do the same work twice, because Harmony and Amadeus did not share
the same source code.
By the use of Java the annotation extension was implemented once to run on every platform which Java-
enabled Web browsers exist for. At the time of implementation of the applets, these browsers were the
versions 3.x of Netscape Navigator and Microsoft Internet Explorer. However, realizing the project by the
use of Java in connection with Wavemaster also unveiled several restrictions that would not have been a
problem when modifying the native clients. Mainly because of the restricted browser-applet
communication abilities and the problems of integration of applets into Wavemaster as they will be
described in this section the user interface of the annotation applets is not as straightforward as it would be
in the ideal case.

8.2.1 The Environment for Annotating
The annotation applets were used in Jennifer Lennon's course Multimedia and Hypermedia Systems and
they were customized for the user-environment of this course. All participants of the course were members
of the user group class. Additionally the students were members of the group students and Lennon and
the tutors of the course were members of the group teachers. Because PLACE does not support
determining the group membership of Hyperwave users, an additional user object attribute
LectureStatus  with the valid values Student and Teacher had to be introduced.  It was set for
members of the groups teachers and students to allow the adaptation of the interface provided by
Wavemaster for these users.
The large window of Figure 8.4 shows, how course documents were displayed for course participants. A
simple document header provided links to the available HWIS functionality, status information was
displayed in the document footer.

8.2.2 Creating Annotations
Annotations could be created to text documents, images, collections and clusters. To create an annotation
to a document the button Annotation in the header of the Wavemaster interface had to be clicked when the
document was displayed. An additional Java window was then opened which allowed to enter information
about the annotation to be created.
Figure 8.4 shows a situation during the creation of an annotation to a fragment of Vannevar Bush's article
As We May Think. The screenshot was taken running Netscape under UNIX on a Silicon Graphics
machine. On other platforms the appearance of the applet was slightly different, because its user interface
is built using Java's Abstract Window Toolkit (AWT). The AWT maintains the “look and feel” of each
platform's standard user interface rather than providing a consistent style on all platforms.
The annotation window contained three input fields, which had to be filled in in order to create an
annotation, Anchor Text, Annotation Text, and Annotation Type.

• Anchor Text
If only a part of a document was to be annotated, the text of this part had to be entered in the field
Anchor Text. The easiest way to do this is to select the text in the browser window, copy it, and paste it
into the Anchor Text field. In Figure 8.4 the text “He can add marginal notes and comments, taking
advantage of one possible type of dry photography” was selected in the browser and copied to the
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annotation window. The reason why this field was needed and why the text could not simply be
selected and the annotation creation process started is that Java applets did not have access to the
information about the current text selection in the browser window in the 3.x versions of Netscape
Navigator and Microsoft Internet Explorer.
Annotating a part of a document was only possible for text documents. If an image, a collection, or a
cluster was annotated, the Anchor Text field had to be left empty and the created annotation referred to
the whole document. If a text document was annotated and the Anchor Text field was left empty, the
resulting annotation also referred to the whole document.

Figure 8.4: A private annotation is created to a selected text of the document As We May Think.

• Annotation Text
The text of the annotation to be created had to be entered in the field Annotation Text. As Figure 8.4
shows, this text could also include HTML tags.

• Annotation Type
The annotation applet allowed the creation of three types of annotations. Private annotations, group
annotations, and question annotations.

• Private Annotations
A private annotation was only readable to its author and to the author of the annotated document.
In Figure 8.4, user mattias is creating an annotation to a document whose author is user
vannevar. The resulting annotation is readable for its author, mattias and the author of the
annotated document, vannevar. Only user mattias can delete or modify the annotation
document.

• Group Annotations
Group annotations were readable to all members of the group class. These group included all
course participants of the course Multimedia and Hypermedia Systems. If the annotation in Figure
8.4 was created as a group annotation, it would have been readable for members of the group
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class and the author of the annotated document, vannevar. Modifying or deleting a group
annotation was only possible for its author, in that specific case, the user mattias.

• Question Annotations
The read access rights for question annotations were defined similar to those of group annotations.
Write access was provided to the author of the annotated document and to the group teachers,
which contained the lecturer and the tutors of the course Multimedia and Hypermedia Systems.
Users with write access to a question annotation were able to answer it. The creation of question-
answer dialogs is described in more detail below.

In addition to the input fields the annotation window contained a Help button, through which online help
was provided, a Cancel button to suspend annotation creation and a button Create Annotation, to complete
annotation creation.

Figure 8.5:  a) the dialog for user identification.   b) the dialog to choose from multiple occurrences of the
anchor text in the document to be annotated.

If the input fields were filled in and the button Create Annotation was pressed the annotation was uploaded
to the server. An authentication dialog as shown in Figure 8.5 a) popped up and the user was asked to
identify again. The document to be annotated was loaded from the server and parsed for the anchor text. If
the anchor text did not exist in the document, a warning was issued. If the anchor text was found more than
once in the document, the user had to choose from a list of occurrences of the text. Figure 8.5 b) shows this
list for the case that a user wanted to annotate the word memex in the fragment of As We May Think as it
was shown in Figure 8.4.

Figure 8.6: The inline annotation in the document As We May Think after the creation of the annotation.

The new annotation was uploaded as a document titled “Annotation to” and the annotated document's title.
(Or “Question about” and the annotated document's title in case of a question annotation) It was stored in
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a collection with the title Annotations and the name ~username/annotations  in the user's home
collection. If this collection did not already exist, it was automatically created.
When the creation of the annotation was completed, the user was notified by a message window and the
annotated document was shown in the Web browser. Figure 8.6 shows the document As We May Think
after the annotation has been created. In the annotated document, the annotation was indicated as a little
note icon before the annotated text. The icon could be clicked on to get to the annotation document.
Additionally the link Annotation in the footer of the document leads to the annotation. If an annotation
refers to the whole document, it can only be reached through this link.
A resulting annotation of type answer is shown in Figure 8.8. Its title contains a link back to the annotated
document. The annotated text is displayed in italics followed by the text of the annotation.

Figure 8.7: An inline question annotation in a document.

8.2.3 Question-Answer Dialogs
The creation of a question-answer dialog was started when a user made a question annotation to a
document. To distinguish the question annotation from a plain annotation the annotated text was marked
with a note icon, which displayed a question mark as shown in Figure 8.7. Additionally an email was sent
to the author of the annotated document requesting him or her to answer the question. This email contained
a link to the question annotation, so that the user could directly get to the question from the email.

Figure 8.8: An answer to the question is entered in the answer window.

If the author of the annotated document or a member of the group teachers accessed the question to the
document, the document header displayed an additional Answer button. Clicking on this button launched a
window to enter an answer to the question. An example for a question and the answer window can be seen
in Figure 8.8. If the button Create Answer was pressed, the answer was attached to the question annotation
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and the annotation was moved from the asking user's annotation collection to the answering user's
annotation collection. The answer annotation resulting from the example above is illustrated in Figure 8.9.

Figure 8.9: The resulting answer document.

An email is sent to the asking user that his question has been answered. The type of the annotation changes
from QUESTION to ANSWER and in the annotated document the annotation is indicated as a note icon
displaying an exclamation mark.

8.2.4 Deleting Annotations
Annotations to documents could be deleted by their author. Further, the author of an annotated document
could remove inline annotations from the document. Three different ways existed to delete annotations:

• Button “Delete”
If the author of an annotation accessed the annotation, an additional button Delete was provided in the
document header, as it can be seen in Figure 8.9. Clicking on it launched a confirmation dialog asking
whether the annotation should really be deleted. If it was confirmed, the user had to identify and the
annotation was deleted.

• Delete Documents
In Edit Text mode the Web interface of HWIS 2.0 provided a function Delete Documents. Annotation
documents could be deleted by their author by use of that function.

• Deleting Annotation Links
If the text of an annotated document was edited by its author, inline annotations were displayed as
destination anchors with the HTML attribute for link types, Rel, set to ANNOTATION, QUESTION, or
ANSWER, depending on the annotation type. The following text is the HTML code shown in Edit Text
mode for the annotation in the document As we may think as illustrated in Figure 8.6:

[...] leave one item in position while he calls up an other.
<A Name="0x82d85c03_0x00202aa8;id=00202aa8" Rel="ANNOTATION">
</A>
He can add marginal notes and comments, [...]
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The user could easily identify this destination anchor as an annotation anchor. If such a destination
anchor was deleted, the inline annotation was not displayed in the document anymore. However, the
annotation document itself still existed.

Note that a question annotation could be deleted by its author only as long as it was not answered. If a
question annotation was answered, it became an answer annotation and could only be deleted by the
answering user.

8.2.5 Problems
The annotation applets were used successfully in the course Hypermedia and Multimedia Systems at
Auckland University. However, various problems became obvious and various suggestions to improve the
annotation feature have been made by its users.

• Annotating was Too Cumbersome
Creating an annotation involved up to ten steps:
1. The text to be annotated has to be selected.
2. The selected text has to be copied.
3. The Annotation button has to be clicked on. The window for annotation creation opens.
4. The selected text has to be pasted in the window for annotation creation.
5. The annotation text has to be entered.
6. The annotation creation has to be confirmed by clicking OK. The identification window opens.
7. The user has to enter his password for identification.
8. The identification window has to be confirmed by clicking OK.
9. If the annotated text occurs more than once in the document, the occurrence to be annotated has to

be chosen.
10. The user is notified of the creation of the new annotation by a message window. Clicking OK

dismisses this window.
Ideally, only the steps 1, 3, 5, and 6 are needed. The text to be annotated is selected, the Annotation
buttons is pressed an the window for annotation creation opens, the annotation text is entered, and an
OK button is pressed.
The steps 2 and 4 became necessary, because version 3.x Web browsers did not allow access to the
currently accessed text. Identification in steps 7 and 8 was necessary, because the applets
communicated with HWIS through an HG-CSP connection independent of the communication of the
Web browser with HWIS. Therefore the connection of the applets had to be identified separately. Step
9 was needed if the text to be annotated occurred more than once in the annotated document, because
the applets knew what text was to be annotated, but not where in the document that text was. Finally,
step 10 was somehow unnecessary, because the annotated document was reloaded after the creation of
the annotation and the newly inserted annotation icon informed the user of the successful annotation
creation anyhow.
As discussed in the previous chapter, the creation of annotations has to be as simple as possible and
should avoid to disrupt reading. A main objective of further implementations was therefore to make
annotating simpler.

• Question-Answer Dialogs
The implementation of question and answer annotations in the current version of the annotation applets
was not satisfying. Three problems became obvious when the applets were used:
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• The current implementation allows only one answer to every question. It should be possible that
different users provide different answers to questions.

• If the answer to a question is deleted, the question is deleted as well, because it is stored in the
same document. It should be possible to delete answers without altering the questions.

• If a question is answered, the answering user becomes author of the answer annotation, which also
includes the question. This leads to the following problem: If user A asks a question which is
answered by user B, user B becomes author of user A's question. If now user C asks a question
about user A's original question, user B is notified instead of user A.

To solve these problems the question-answer dialogues will have to be completely redesigned.
Questions and answers will be separate documents, allowing more than one answer to a question.
Questions will not change their authorship during the answering process. However, a way will have to
be found to prevent the author of a question from deleting it if answers exist to it. This is currently not
supported by Hyperwave's system architecture, where the author of an object can delete the object in
any case. An additional problem with question-answer dialogues is that if a question is asked to a
document, only the document's author is notified. In many cases, more than one user should be
notified. A possible solution would be to introduce a new attribute for documents that defines who
should be notified in addition to the document's author if a question is asked about the document.

• Reading Annotations
When reading annotations the reader did not get any information about the annotation without clicking
on the annotation icon and opening the annotation. For information like the annotated phrase, the
annotation title or the annotation author it should not be necessary to open the annotation document. A
short overview of this information should be provided in some way, so that the user can decide
whether to leave the context of the current document to see the annotation or not.

8.3 The GENTLE Prototype - PLACE
The second implementation of the annotation feature was made for the prototype of the GENTLE system.
Two important changes had happened since the first implementation. Based on my work done in
Auckland, the new version 2.5 of HWIS was extended to include new PLACE commands, which allowed
the creation of inline annotations. The architecture of HWIS 2.5 also supported annotations of different
types, although this feature was not included in the standard Web interface of HWIS 2.5. The second
important change was that the 4.x versions of Netscape Navigator and Microsoft Internet Explorer were
released, which provide useful new functions. The client-side JavaScript implementations of both browsers
offer functions that allow access to the current text selection in the browser. So-called tooltips allow the
display of a little pop-up window when the mouse is moved over an image in a Web page.
With these changes a new improved version of the annotation feature could be implemented by use of
HTML and JavaScript and without Java applets. A lot of the problems of the first implementation could be
solved with this new approach.

8.3.1 The Environment for Annotating
The GENTLE prototype already represented a simple WBT system with various features similar to the
first final version of GENTLE. For example, it provided a hierarchical course structure and orientation aids
to navigate through this structure. The course material and a background library were searchable. A very
basic chat applet supported synchronous communication, and the annotation facility together with a
discussion forum permitted asynchronous communication. The large window of Figure 8.10 shows a
document presented in the GENTLE prototype.
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The GENTLE prototype was used in a number of courses at Graz University of Technology. All students
participating in a course were members of a user group on the server, all teachers and tutors were members
of another user group. Additionally an attribute MemberType was set in the user objects of course
participants, so that a distinction between students and teachers became possible in PLACE. Annotations
were tightly integrated with the discussion forum. Every annotation automatically became a discussion
article.

8.3.2 Creating Annotations
The creation of annotations was possible to all course documents. Course documents were either HTML
documents (optionally with embedded multimedia documents) or collections representing the table of
content of a course or a chapter.
The creation of an annotation was invoked by selecting a text phrase and clicking on the Annotation
button. A window as shown in Figure 8.10 was opened and allowed to enter the annotation. Note, that the
window is opened by the use of JavaScript and the input forms are defined in HTML. No more Java is
used. The annotation window contained a number of input fields, which had to be filled out:

Figure 8.10: The creation of an annotation using the GENTLE prototype.

• Annotate Phrase
This field contained the text passage to be annotated. In the 4.x versions of Netscape Navigator and
Microsoft Internet Explorer, this field was automatically filled with the text selection made in the
document to be annotated. In the 3.x it had to be copied from the document to be annotated and pasted
in this field, like in the Java implementation of the annotation feature.
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• Annotate Whole Document
This field showed the title of the document to be annotated. If the radio button in front of this field was
selected, the annotation was created to the whole document and not to a text passage.

• Annotation Title
This field next to the text “Insert Annotation” allowed the modification of the title of the annotation.
By default this title was set to “Comment on” and the title of the annotated document.

• Annotation Content
For the annotation content, two fields had to be filled in. Radio buttons allowed to choose, whether the
annotation should be created as a plain text document or whether it should also include HTML
markup. The second field contained the annotation text.

• Annotation Rights
Like in the first implementation, the rights of an annotation could be set to public or private.

• Annotation Type
Possible annotation types were remark, question, answer, agree, and disagree. Remarks were used for
general annotations. Question and answer annotations allowed the creation of question-answer dialogs
similar to the first implementation. Agree and disagree were used to express agreement and
disagreement to the course material or to other annotations. These annotation types were particularly
important in the discussion forum. (As annotations and discussion forum were tightly integrated, the
user interface for creating a discussion article was the same as for creating annotations.)

Figure 8.11: Annotations were displayed in the discussion forum.

By use of the button Insert Annotation, the annotation was inserted into the discussion forum collection.
The annotated document was reloaded and the annotation visualized by an icon in front of the annotated
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text. Additionally the annotated phrase was rendered bold and highlighted. Students' and teachers'
annotations were distinguishable by their colors. For students' annotations, icons and highlighting were
green, for teachers' annotations they were blue. Tooltips were used to show the annotation title and the
username of the annotation's author when the mouse was moved over the annotation icon. In Figure 8.10,
two annotations can be seen in the document in the large window. When an annotation icon was clicked
on, the annotation was shown in the context of the discussion forum.
Figure 8.11 shows the annotation created in Figure 8.10 in the discussion forum. Three annotations to the
annotation were taken and are shown as discussion thread.

8.3.3 Question Answer Dialogs
Figure 8.11 also illustrates, how question-answer dialogs were implemented in the GENTLE prototype.
Questions and answers were separate documents, answers to questions could be accessed through the
discussion forum. Like in the first implementation, answered questions were visualized using a different
icon than for unanswered questions.

8.3.4 Deleting Annotations
Deleting annotations worked like in the first implementation. When a user accessed an annotation he had
rights to delete for, an additional Delete button appeared with the annotation. A user was able to delete his
own annotations as long as there were no further annotation to this annotation.

8.3.5 Problems
In comparison to the first implementation, the second improved a lot. Annotating became easier, because
copying and pasting the annotated text passage was not necessary anymore (at least when using version 4.x
browsers) and the redundant step of identifying to insert an annotation was omitted. Also, the user got
important information about the annotation without having to open it. The annotated text passage was
highlighted, the color of the annotation indicated, whether it was a student’s or a teacher’s annotation and
by moving the mouse over the annotation icon title and author of the annotation were revealed. Still, there
remained a number of problems with the second implementation.

• User Interface too Complicated
While creating annotations took fewer steps in the second implementation, the user interface became
more complicated. The user was confronted with a number of input fields, while all he usually wanted
to enter was title, text, and type of the annotation.

• Reading Annotations
While the reader could now base his decision whether to follow the link to the annotation on
information like title and author of the annotation provided in the annotation’s tooltip, following the
annotation still completely interrupted reading. It was not possible to read an annotation without
leaving the context of the annotated document. When reading an annotation, the annotated document
was replaced by the discussion forum, in which the annotation was shown. In an improved
implementation, reading annotations should disrupt the reading process as little as possible.

• Question Answer Dialogs
Multiple answers to one question were now possible, so one problem of the previous implementation
was solved. On the other hand, a new problem arose. Question and answer were now not visible in one
document anymore. The user had to find the answers to a question in the discussion forum.
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• Annotations and Discussion Forum
The decision to integrate annotations completely into the discussion forum led to problems. It is not
desirable to jump to the discussion forum just to read an annotation to a document. Some distinction
line has to be drawn between annotations and discussion forum. On the other hand, it should still be
possible to make an annotation the starting-point of a discussion.

8.4 GENTLE – Server-side JavaScript
The third and last implementation of the annotation feature is integrated in the system GENTLE, (or
Hyperwave Training Space) which was described in chapter 6. The most important change in this
implementation is that it is programmed by the use of server-side JavaScript instead of PLACE. This
became possible with the introduction of server-side JavaScript in HWIS 4.0, which was released in spring
1998. Server-side JavaScript allowed the combination of the advantages of the first two implementations.
JavaScript allows flexible programming of HWIS, similar to what was possible with the combination of
Java and the use of HG-CSP. On the other hand, like PLACE, server-side JavaScript is used to program
templates, so a seamless integration into HWIS becomes possible.

8.4.1 The Environment for Annotating
The annotation feature is integrated in the virtual classroom environment provided by Hyperwave Training
Space, which has been described in chapter 6.

Figure 8.12: Creating an annotation in HTS
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8.4.2 Creating Annotations
The creation of annotation works similar as it worked in the GENTLE prototype. A Note button has to be
clicked on to open a window that allows to enter an annotation. If the user wants to annotate a text passage,
that text passage has to be selected before the Note button is clicked on. Otherwise, the whole document is
annotated. Apart from course documents, also whole chapters or the whole course can be annotated. Figure
8.12 shows a document and the window for creating an annotation. The annotation window has been
simplified and contains only four fields now. They allow to enter title, content, rights and type of the
annotation. Whether the note is taken to the whole document or to a text phrase depends on whether the
user has selected text before clicking the Note button or not. Annotation rights and annotation type can be
chosen similar as in the GENTLE prototype.
After the annotation is created, the annotation window is closed, and an annotation icon is shown in the
document. Different color schemes are used for annotations by students, annotations by teachers, and
private annotations. If the user moves the mouse pointer over the icon of an annotation, a tooltip displays
author and title of the annotation. By clicking on the icon, a window opens, in which the annotation is
displayed (see Figure 8.13). Thus, the user can switch back to the main window after reading the
annotation. The user is not distracted from reading as much as he was in the previous implementations,
where the annotation was displayed in the main window.
In HTS, the integration of annotations and discussion forum is optional. It is possible to customize HTS, so
that annotations are included as discussion articles in the discussion forum. For example, in the version of
HTS for the Deutsche Bankakademie that is the case.

Figure 8.13: An answered question annotation as displayed in HTS.
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8.4.3 Question Answer Dialogs
Figure 8.13 shows an answered question annotation. Like in the first implementation of the annotation
feature, question and answer a shown together, but in opposite to the first implementation, question and
answer are still separate documents. That way it is possible that more than one answer is created to a
question. Multiple answers are all shown in one window.
The notification mechanism of new question or answer annotations in HTS can be customized, whether it
should use email or the internal messaging system of HTS.

8.4.4 Deleting Annotations
Deleting annotation works the same way as in the GENTLE prototype. If the current user has rights to
delete an annotation, an additional Delete button is shown in the annotation window. Only the author of an
annotation may delete it, and only if there are no further annotations to the annotation.

8.4.5 Further Ideas
While most problems of the first two implementations of the annotation feature are solved in HTS, there
are a number of possibilities to enhance the annotation feature.
• In the current version of HTS, annotations can only be text. This will be changed so that it will be

possible to include documents of arbitrary type in an annotation as attachments. It will also be possible
to include links to other documents in an annotation.

• The input field for the annotation text should be improved. Basic WYSIWYG editing support should
be provided. Currently this could only be implemented by the use of JavaScript for Internet Explorer
4.x or higher. Netscape Navigator’s JavaScript functionality does not allow the implementation of a
WYSIWYG editing tool. Alternatively, WYSIWYG editing could be provided by a Java applet.

• Because many inline annotations can make an annotated document look messy and distract from the
actual document content a preference setting should allow users to switch off the visualization of inline
annotations when they are reading course material.

• The visualization of inline annotations should be improved. Instead of displaying them as inline icons,
they could be visualized as marginal notes, which would be less distracting for readers of the annotated
document. New HTML features should be evaluated, whether they can be used for an alternative
visualization of annotations. Ideally, it should become possible to visualize annotations as arbitrary
marks and notes on a separate layer over the annotated document.
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