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Building the Internet – Lessons from Railways 

Reima SUOMI
Turku School of Economics and Business Administration, Information Systems Science, Turku, Finland

“The (Railway) collection covers a very wide range of
social, economic and technical subjects and is of inter-
est to a number of academic disciplines” 
(Booth & Hopkin, 1994).

ABSTRACT

This article draws similarities between the Internet revolution currently under way and the Railway revolution
experienced 150 years ago.  Both revolutions have to do with a network and organization of work, and are
based on technical innovations.  Many things could be learnt from Railways for the Internet community

1 Introduction

Railways started to shape the way work is organized
and how markets work some 150 years ago.  They are
a major tool for lowering transaction costs (Williamson,
1985), so as is the Internet today.  The Internet Revolu-
tion posits many dangers and shortcomings, which we
could maybe better master through utilizing lessons
from the Railway Revolution.  It is astonishing to see
how little this knowledge transfer process is aimed at.
Maybe people – mistakenly – believe that the Railway
Revolution with its old-fashioned flavor has nothing to
give to the Internet time.  This belief is totally wrong.

2 A joint history

First it must be noted that Railways and telecommuni-
cation have grown hand in hand.  Controlled Railway
traffic could not take place without communications: so
first telegraph lines were erected along Railway tracks.
Many computer innovations have roots in the Railway
industry, such as punch cards have their roots in Rail-
way ticketing. Railways even compelled nations as the
US to adopt structured time zones: before the Railways
time was not so critical. Now, in the Internet era, time
perceptions again get new dimensions: we even speak
of the Internet time. Today, Railways are a major user of
modern computer systems, both in reservation and
fleet control systems as well as in traffic planning.

3 Joint characteristics

Railways and Internet both are networks, and thus join
many characteristics.  Both are key future technologies
in saving environment: through them physical transpor-
tation can be eliminated or made very much more effec-
tive.  First lately environmentalists have found this truth
(Kleinman, 2002).
Both maintain and contain strong network externalities
(Shapiro & Varian, 1999), also every new participant to
the network brings added value to the earlier members
of the network.  One added component is that of secu-
rity: failure of both networks can cause major catastro-
phes and loss of human life.   Both industries have to in-
vest very much in security.    Both industries too show
that even when the technology would be perfect, social

acceptance and trust of the big customer masses is a
key ingredient for success (Arnbrak, 1988; Jones, Wilik-
ens, Morris, & Masera, 2000).   Distrust of common
people towards the Railway in the early times is nicely
described in the Finnish novel classic “Rautatie” (Aho,
1884).

4 Technical resemblances

Railways and Internet are both worldwide networks,
and even when the units transferred through the net-
works are dissimilar, we can see analogies in the tech-
nical terminology and options, for example:  
• Turning the whole way of operation from circuit-

switched to packet-switched
• Bandwidth – rail weight, switching technologies

and traffic protocol arrangements
• Many modes of transportation, many speed and

packet size requirements
• Standardization issues:  gauge, electricity, coupling
• Internal revolution: digitalization vs. electrification.
One example of a lesson from here: Railways suffer
from inflexibility in cargo transfer: tracks are not reach-
ing every factory or shop.  The lighter truck transfers
have taken market share. In the Internet side, we are
unable to lead optical cables to every household: the
lighter mobile technologies are going to take over.

5 Industry participant roles need 
constant attention

Governance structures have been a major discussion
topic in the Railway Revolution. Railway companies first
grew to be huge giants with multiple tasks, both in the
service and regulation domains.  The same was true in
the classical word of national PTTs. First in the 1990s
more detailed roles began to emerge: the regulator and
service company roles were separated in both indus-
tries.  Ownership, running and hiring capacity of basic
infrastructure all became separate roles.  This can be
seen as well in the Railway as in the telecommunication
industries.  Role diversification is needed because of:
• clearer service and product entities, that can be

separately priced
• more transparent pricing will increase competition
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• more limited actor roles lead to development of
core competences, and thus to better and more
efficient service.

Of course decentralization has drawbacks too, we have
a lesson candidate here too: Currently in Great Britain
they have seen that separating the responsibility for
Railway traffic to too many entities is going to create dif-
ficulties (White Paper on European Transport Policy.,
2001). Many see that self-regulation through working
competition is the only maintainable development in
most industries, this is for example called clearly for in
the Railway industry (Boyd, 2002).

6 The goldrush is not for ever

Business feasibility of Railways has had its ups and
downs.  In the beginning, Railway stock was queued for
when issued.  Pioneering companies had different kinds
of success, but now in the third millennium the tradi-
tional knowledge is that full-scale national Railway sys-
tems hardly can be profitable: they survive just through
public support.  On the other hand, it is accepted that
they are a key cornerstone of the modern society,
which can not be assessed solely on business logic,
such as electricity, sewers or roads.  

At the Internet side we currently life the period of inflat-
ed business expectations.  The lesson here might be
that the Internet will on the long run vanish to an unat-
tractive business infrastructure of the modern society.

A common nominator for both Internet and Railways is
that they are extensive networks that require constant
and expensive maintenance. World is full of Railways
that could not be maintained.  European Union has had
to face that of the Railway infrastructure buildings con-
sidered necessary 1996 only 20% could be constructed
by the year 2001 (White Paper on European Transport
Policy., 2001). At their side, teleoperators suffer big
problems in profitability, and have difficulties in main-
taining their networks especially in two fronts:

• delivering new advanced technologies fast 
• maintaining the basic infrastructure in distant rural

areas.

7 Elite groups of professionals

The work and professional structures of Railways and
Internet have many similarities.   Both revolutions first
produced groups of elite professionals, who earned
well, developed their own professional language and
traditions.  Several lesson candidates are served here:
with Railways the professional structure become too
complicated and rigid, and at its part too contributed to
the decline of the industry.  Professional interests were
first, and customer needs came too far behind.  This is
not far from the situation of Internet designers at the
moment. For example in electronic commerce, most fo-
cus and success has been in business-to-business
(B2B) commerce, and the final consumer has been too
often forgotten.

8 Regional effects

Not last and least we should refer to the regional effects
of networks. It is well known that Railways opened up
new territories for habitation, but on the long run con-
tributed to centralization and the birth of even bigger cit-
ies.  Some communities were doomed, as they could
not get the benefits of Railways. In a similar way, Inter-
net is going to make structural changes to regions: in
principle it should allow distribution of activities, but
seems on the long run to be one more device to foster
further urbanization.

9 The Digital and Rail Divide

You can too see the Digital Divide both in Railways and
Internet.   UK alone has more track than the whole con-
tinent of Africa.  In New York there are more Internet
connections than in the whole of Africa.  The lesson
candidate here is, that even 150 years cannot eliminate
the Digital Divide, actually it gets worse by the time.  For
example, first now, some 30 years after the introduc-
tion of high-speed trains in Europe, Africa is planning for
the first high-speed track ("Africa's first high-speed train
gets off drawing board," 2002).

One reason for the lack of Railways in developing coun-
tries is that they lack their own industry in the area.  Es-
pecially the rolling stock is an example of a high-tech
product today, and the technology cannot be mastered
in every country.  In the case of information technology,
development of main and commercially successful
products is similarly concentrated to a few countries
and even regions. Here we have at least two lessons on
the offer: In order to efficiently distribute any technolo-
gy, some local competencies and developments should
be maintained in every country.   As a second lesson:
Not anywhere should man always aim at the top quality
technology: little older but robust and cheaper technol-
ogies should be kept available for the less developed
market areas.

One interesting detail difference is between the U.S.A.
and Europe.  In Europe, railways just have an 8% mar-
ket share in freight traffic, whereas in U.S.A. the market
share is around 40% (White Paper on European Trans-
port Policy., 2001).  We all know that U.S.A is too lead-
ing the Internet revolution.  Maybe the Americans are
more sensitive to network economics, and there is a Di-
vide between U.S.A. and Europe too.

10 Conclusions

It is common to doom Railways as the technology of
the past, with no real role in modern societies. Howev-
er, after 150 years of operation, Railways still form a ba-
sic infrastructure of many societies. This is not to say
that they haven’t had problems and several difficulties
to be fought in the industry.  Internet is now an emerg-
ing infrastructure, and Internet developers should study
the history, present and future of Railways more inten-
sively in order to draw lessons to their own industry,
telecommunications.   This article has brought up a few
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issues to be discussed, but surely just is a modest
opening to a discussion that could become very fruitful
and productive, to both industries and the society as a
whole.
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ABSTRACT

New forms of the global network interactions demand new scientific provision as well as special Human Fac-
tors support. Two new sciences: Internetics and Internomics are introduce to solve emerging problems.
Internetics should describe, design and investigate the whole new system of the global communication.
Internomics is to solve Human Factors problems emerging within the Internet.

1 Introduction

Internet is an absolutely new kind of tools in the human-
kind history. It is a world wide communicative (in con-
trast to productive) socio-technical system. 

Nowadays, the Internet is designed and developed by
technician and programmers without a project and just
medium range goals. It is being constructed by individ-
ual initiatives by solving local temporal tasks. It is won-
derful the whole system is improving and evolving. Fi-
naly, such a chaotic movement had lead to stagnation of
the whole Hi-Tec industry.

Any Internet user regularly runs into troubles due to
misunderstanding and misinterpretation in his/her con-
tacts with computerized tools. Instead of request for
help the user receives a lot of information not corre-
sponding to the problem. The user may be searching for
data in one of many search systems but cannot sepa-
rate an appropriate answer among many thousands of
versions. And so on every day.

Causes of all such situations are rooted in the fact that
the human communication within the Internet demands
specific scientific reflection and technical realization.
Just to solve these problems we introduce two new sci-
ences: Internetics and Internomics.

This system demands new approaches both toward the
whole system design and development as well as to
the Human Factors emerging in the process of human
assimilation of the new techniques. 

To define these two emerging fields we offer to invent
two special sciences: Internetics and Internomics. 

We can easily find similarities with other pair of scienc-
es: Cybernetics and Ergonomics. Differences are not
obvious and we shall try to demonstrate them. Cyber-
netics is devoted to the productive process control in
traditional active socio-technical systems. Ergonomics
is a discipline concerned with the interaction between
humans and technology. So, ergonomics deals with
productive labor in full accordance with its Greek name.

Internet is a system of interaction (communication,
transaction...) not a system of action. In any case, final
products of this system are exchange of knowledge,
mutual understanding, cooperation (and sometimes —
competition). Being a system Internet ought to follow

and to be considered in accordance with the main sys-
tem principles (Zhuravlyov, 1999a).
Internetics is  an applied discipline to administer such
systems as a whole, while Internomics is to solve hu-
man problems of the system. From the ergonomic
point of view a traditional socio-technical system could
be described by the scheme  “techniques — human be-
ing — techniques“. Internomics considers the Internet
within the framework of “human being — techniques
— human being“.
We can define Internomics as follows: The scientific
discipline concerned with the interaction between hu-
mans within global communicative system Internet, in-
tegrating knowledge derived from human sciences to
provide mutual understanding, cooperation and transac-
tions according to the physical and mental abilities and
limitations of partners.
First of all, we offer to develop a special tool of interac-
tion that may be called Internoid aimed to provide adap-
tation of the system to individual user. The Internoid’s
product would be an Interntext. We will try to set some
technical arrangements and Human Factors demands
to both the tool and its product.
To construct tasks and methods of the two new scienc-
es we must consider the human interaction as a specif-
ic field of Human Factors considering human interac-
tion.

2 Human Interaction

To understand what is the Internetics concept, we have
at first to understand the structure of human interaction
(Zhuravlyov, 1999b). A specific feature of the structure
is amalgamation of phenomena that are traditionally
considered as alternatives. We assume, that any inter-
action is a multidimensional process being at the same
time an act of communication with a partner, a transac-
tion in a game, and a productive action. Thus, activity
may become a back side of a communication process;
for example, when an actor deals with a partner as if he/
she were a natural object.
Due to the complex structure of interaction we have to
include into the circle of Internetics’ scientific sources
not only cybernetics (with informatics and semiotics),
but also many other disciplines dealing with human be-
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havior: psychology, ergonomics and sociology assem-
bled into internomics. Technology and economics make
their impact, too.

3 Internoid: Structure and Functions

Internoid is a tool aimed to provide smooth interactions
between a human user and Internet. It could be consid-
ered as a joint product of Internetics and Internomics.
Three basic constructive axes of the Internoid could be
introduced as 1) Organizer — Interpreter, 2) Knowledge
— Skills, 3) User — Network.
Correspondingly, the Internoid‘s main functional param-
eters could presented by the following way:

The structure includes communication as a central part
of interaction as well as transactions (Game) and com-
mon activity. Each part consists of smaller elements
shown within the rectangles.
To perform its functions the Internoid should reproduce
main aspects of human communication, i.e. to include
both an internal organizer and external interpreter.
The internal organizer is constructing an internal consis-
tency of knowledge and skills. Among other functions it
develops a model of a partner. Internal organizer is a
kind of a reflective judge who observes integrity of an
internal world.
The external interpreter provides contacts with part-
ners. It is trying to satisfy his demands to the text.
External interpreter as well as internal organizer could
be placed both within the user's computer and long-dis-
tanced servers. More over, they could be partitioned
and distributed among different processors.
Before a communication session, two parts of the cor-
responding functional agent are to be adjusted, i.e. they
should negotiate to establish mutual understanding.

Combinations of main communicative functions are giv-
en in Table 2. Similar tables could be presented for
transactions and actions. 

4 Interntext’s Main Features

Today, successful distribution of international communi-
cations via Internet is based mainly on the special tool
called Hypertext. The currently applied Hypertext is a
first step in the right direction. It realizes the simplest
mode of human information acquisition according to an
algorithm with conditional transfers defined by a chosen
word. Regretfully, it does not satisfy human demands
for the intellectual provision of interactions (Zhuravlyov,
1999c).
Below, we will understand under the term "text" any
combination and consequence of the recognizable ele-
ments appearing (actually and potentially) at the display.
The term "word" means any separable part of the con-
figuration presented on the display. 
Not only a user should be trying to understand and inter-
pret the text but the other side should recognize and un-
derstand its reader. 

Table 1: Internoid‘s Main Functions

Variable Values Function

General Activity Communica-
tion

Exchange of knowledge and 
skills

Transaction Games

Activity Productive activity

Actor User Using the Internet

Network Providing interaction

Sphere of Mind Knowledge Collecting and organizing 
knowledge

Skills Acquiring skills

Control Interpreter Establishing understanding

Organizer Establishing consistency

Direction of 
Communication

Translation Sending information

Reception Receiving information

Actor‘s Realiza-
tion

Personality An individual as a user

Organization Organization as a user

Society Society as a user

Table 2: Communicative Functions

Structural Affiliation Functions of 
Communica

tion**Code* Actor
Direction of 

Control
Sphere 
of Mind

000 User
External Inter-

preter
Knowl-
edge

 Setting ques-
tion, interpret-
ing answers

001 User
External Inter-

preter
Skills

 Skills in the 
Internet using 

010 User
Internal Orga-

nizer
Knowl-
edge

Demand for 
additional 

knowledge

011 User
Internal Orga-

nizer
Skills

 Acquiring 
new skills

100 Network
External Inter-

preter
Knowl-
edge

 Sending and 
receiving infor-

mation

101 Network
External Inter-

preter
Skills

 Methods of 
presenting 
information

101 Network
Internal Orga-

nizer
Knowl-
edge

 Distributing 
information 
within net-

work

111 Network
Internal Orga-

nizer
Skills

 Information 
consistency 

within the Net-
work

*)Coding: 
First position: 0 — User, 1 — Network;
Second position: 0 — External Interpreter, 1 — 
Internal Organizer;
Third position: 0 — Knowledge, 1 — Skills.

**)Transaction and Action are not considering here.
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Such an active text generated by the Internoid we shall
call the interntext. It is in many aspects a final product
of the Internet both what is presented in a screen on
any given moment as well as a sequence of former and
consecutive screen’s states.
There are transfers in ordinary conversations for details
with many loops and repetitions. But individuals in any
dialog connect their query to previous questions and
construct drawings of the topic under discussion and
images of each other.
Thus, the external interpreter should satisfy the follow-
ing demands to the interntext:
1. Any word in the interntext are to be supplied with an
explanation.
1.1. The explanation should depend on the word sur-
round, that is to refer to a phrase.
1.2. Two ways of the explanation making may be sug-
gested: synonymous explanation should develop the
sense of a phrase, while antonymous explanation could
provide a contrasting view.
1.3. Explanations could be constructed in either com-
mon or specific sense of words.
1.4. A reader can start reading from any point of the
text. An explanation could return a reader to omitted
parts of the text (among them — to the beginning).
1.5. A reader can demand an explanation of the same
phrase many times. Any repetition must not duplicate a
previous one.
1.6. A text on the screen should furnish an user with po-
tentiality of unlimited details.
2. The external interpreter should be supplied with basic
models of users regarding the sense of the text.
3. An interntext should offer well distinguished points of
view including agreements and disagreements be-
tween opinions. 
The internal organizer should satisfy to the following
conditions of the interntext:

1. An interntext should be developed in different forms
of generalization: as a set of keywords, as an abstract,
as a flowchart of a decision making process including
description of a situation and so on.
2. An internal organizer should be provided with a pos-
sibility to report to the author about the further text de-
velopment.
3. A reader should have an opportunity to set questions
concerning the text.

5 Concluding Remarks

We can see that invention of Internetics and Internom-
ics can produce some universal results to improve hu-
man communication with global network.
Just a lot should be done in these two fields. If we recall
what Cybernetics was at the time when N. Winner in-
troduced an idea of the feedback, we will be more op-
timistic about the Internetics’ future and the Internom-
ics’ potential role.
Internet was built and is developing due to enthusiasm,
creativity and hard work of many individuals and organi-
zations. We do not suppose to line up everyone in the
field. We offer a tool that has a potential to make the In-
ternet more practical and interesting.
We can expect Internetics and Internimics can produce
new ideas and decisions that give a new impetus to the
whole Hi-Tec industry.
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ABSTRACT

Current trends of globalisation and increased competition require new forms of business organisation and
support. Especially in small and medium sized enterprises (SME), the competitiveness and future market po-
sition of an enterprise is closely related to the ability of cooperating with partners in SME networks or virtual
supplier organisations. This paper presents an approach for organisational and IT-support for the formation of
co-operating SME-networks. Our approach is based on modelling product and competence structures and
providing a Web-Portal for the formation of networks based on match-making algorithms. From an organisa-
tional viewpoint, universities form the nucleus of regional networks supporting SMEs by offering student am-
bassadors as assistants for competence modelling. The approach was designed for SME networks in auto-
motive and IT-industry and is currently evaluated in a cooperation project of European and Latin American uni-
versities. 

1 Background

Current trends of globalization and increased competi-
tion require new forms of business organization and
support. Especially in small and medium sized enterpris-
es (SME), the competitive-ness and future market posi-
tion of an enterprise is closely related to the ability of co-
operating with partners. In several industry fields (e.g.
automotive, aerospace, media) there is a trend to virtual
supplier organizations loosely integrating enterprises
based on their contribution to the value chain (Hieber &
Alard 2000). 

Formation of these organizations today to a large extent
is based on existing personal and institutional relation-
ships. Our objective is to provide an additional opportu-
nity for forming networks by providing a technical plat-
form with competence information of potential partners
and with functionality generating proposals for possible
SME networks based on this competence information.
Our intention is to extent existing networks by support-
ing cross-regional networking and by bringing together
enterprises from different industry sectors, where co-
operation possibilities are not obvious. 

The approach presented in this paper is closely related
to the research and development project “SME-
Chains” funded by the European Union within the ALFA
programme. In SME-Chains, four universities from Eu-
rope (Sweden, Norway, Germany, Spain) and five part-
ners from South America (Chile, Argentina, Uruguay,
Columbia) establish regional networks of SMEs in their
countries in the field of software production. Formation
of SME-networks and cooperation within and between
these networks will be investigated on basis of the con-
cepts, organizational structures and technologies intro-
duced in chapter 2. SME-Chains started in autumn
2001, so that first experiences can be presented in
chapter 3.

2 The SME-Chains Approach for 
Formation of SME-Networks

The SME-Chains approach will be introduced in this
chapter with conceptual, organizational and methodical
elements. From a conceptual viewpoint, we base our
work on semantic nets for match-making between
competence models (section 2.1). The organizational
point of view focuses on universities as centers of re-
gional networks (2.2). From a methodical viewpoint, the
formation of networks is based on competence model-
ing (2.3). Implementation of the Web-Portal is based on
the software framework BaSeWeP (Billig et al. 2000),
which was customized for SME-Chains.

2.1 Semantic Nets

In our approach, potential partners for an SME network
are characterized by on the one hand complementary
competences and on the other hand close relations in
the value chain. Identification of potential partners is
done by comparing the competence models of SMEs,
identification of similarities and gaps, and selection of
the best matches (based on similarities and gaps) for a
given target network description. As a precondition for
this kind of match-making, all competence models of
the SMEs have to refer to a common “reference
space”. This reference space is defined by all relevant
topics or concepts of the respective industry sector and
their relationships. In SME-Chains the reference space
includes concepts for representing skill and product
structures in information technology.

The concepts of the industry sector and how they relate
to each other are described with the help of a semantic
net. The most important relationship amongst concepts
is the so-called subsumes relationship. This expresses
a hierarchical order and sums up the aggregation and
generalization/ specialization relationship. In addition,
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associations can be made, placing various concepts in a
named relationship.

Let us take the field of qualification and job offers in the
area of information technology as an example. The fol-
lowing extract of the semantic net lists various con-
cepts and their relationships1:

Semantic nets are not only used for stating classical re-
lationships like „programming is a skill“ or „webmaster
is a job title“ but also for stating the so-called context re-
lationship , e.g. „HTML in context of programming“.

2.2 University – SME cooperation

The integration of SMEs into networked organizations
by matching their competences requires to our under-
standing more than technical or conceptual support. Or-
ganizational support for the SMEs is of crucial impor-
tance and has to take into account regional and cultural
aspects and the individual needs of SMEs. In this con-
text we have to be very careful not to teach or boss the
SMEs but to really integrate them.

Our concept in SME-Chains is to use universities as
centers of regional networks and student ambassadors
as contact partners and assistants to SMEs (ALFA
2001). Each SME participating in the project will be the
host for one student from the regional university. Each
student will assist his or her host enterprise in modeling
the enterprise`s competences. Furthermore, the stu-
dent will work on an individual “mini-project” for the
host SME, which will be integrated into his or her stud-
ies at the university. The regional university, which from
the SMEs viewpoint is considered as competent and
trustworthy partner, supports the students by offering
courses in relevant engineering methods and in project
management. 

This type of university – SME cooperation generates
benefits for all partners: The students benefit by gather-
ing practical experience from their project. The SMEs
get individual support in their projects and – as a side ef-
fect – close contacts to well educated potential future

employees. The university benefits by learning the ev-
eryday needs of SMEs in the region.

2.3 Competence Modeling

As a basis for formation of SME networks, we use com-
petence information of enterprises which is stored and
evaluated in a Web-Portal. To our understanding, com-
petence information ideally has to encompass all tech-
nical and organizational capabilities of an enterprise.
This includes

• Skill profiles of the personnel of the enterprise
• Technical equipment and production capacity
• Business processes with focus on value creation

and quality management processes
• Organizational capabilities

Competence modeling therefore is closely related to
enterprise modeling (Lillehagen & Karlsen 1999). As
modeling of all these aspects for a large number of
SMEs is time and cost intensive, we distinguish be-
tween competence models and short competence pro-
files. 

Competence models are prepared for an SME with the
assistance of student ambassadors. The student uses
an enterprise modeling tool (e.g. METIS toolset2) and
templates prepared for the relevant industry sector.
Modeling includes all aspects introduced above and is
done in close cooperation with the personnel of the en-
terprise. The resulting competence model is trans-
ferred into the Web-Portal and forms the basis for gen-
erating concept paths within the semantic net.

Competence profiles can easily be entered by the
SMEs themselves via the Internet by using functionality
of the Web-Portal. The portal provides a profile entry
form which consists of properties, references to re-
sources and concept paths in the semantic net. Proper-
ties are structured data types and used for representing
meta-information on the enterprise, e.g. general con-
tact information, available production capacities and
personnel, etc. Resource reference provide the possi-
bility to include additional material on the enterprise,
e.g. text documents or product information. The most
important part of the competence profiles is the identi-
fication of concept paths within the semantic net.
These paths reflect the competences of the enterprise
with respect to skills and product structure. The Web-
Portal supports this task by providing a browser for se-
mantic nets.

3 Conclusion

The SME-Chains approach to the formation of SME
networks combines organizational elements (univers-
ity-SME cooperation), methodical aspects from the
field of competence modeling, and sematic nets as the
conceptual basis for matching competence models.
Currently, experience with this approach only can be

Figure 1: Extract of a semantic net from the domain “IT
qualification”

1.  The edge with the filled-in circle depicts the 
subsumes relationship, while the arrow 
shows the named and specified association. 2.  http://www.computas.no
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presented with respect to match-making and to the uni-
versity-SME cooperation:
Match-Making based on semantic nets has been ap-
plied in various Web-Portal implementation projects by
Fraunhofer ISST (Billig & Sandkuhl 2002). Two exam-
ples are portals in the fields of technology transfer and
IT-qualification. In the area of technology transfer, the
main objective of the portal was mediation between
supplier and seeker of new technologies. The semantic
net had to include terms and concepts relevant for the
technologies of the domain in question, industry sec-
tors and activity types. This type of technology transfer
portal was developed for the world bank (www.tech-
nologymatcher.com).
In the field of qualification and education, Fraunhofer
ISST has implemented and currently operates the Web-
Portal mecomp.net1. Mecomp is a portal for people in-
terested in jobs, qualification measures and profession-
al expertise in the area of new media, communication
and information technology. The semantic net for this
portal reflects the terminology from information and
media technology that is necessary for characterizing
qualification measures and personal competences. 
The concept of student ambassadors as one central el-
ement of university – SME cooperation has been imple-
mented successfully at University of Jönköping since
several years. More than hundred host enterprises have
been participating in this ongoing programme. Usually
student teams with 2-3 members are working on a

mini-project for one host company. The student ambas-
sodor model has affected the relationship between uni-
versity and SMEs positively and improved communica-
tion abilities of students.

The formation of networks based on our approach only
has been evaluated with respect to technical feasibility
in pilot scenarios. Usability in real world situations will
be investigated within the ALFA project in the second
half of 2002.
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ABSTRACT

This paper presents work in progress on our approach to visualize networked information. In our research ef-
forts in order to visualize strongly networked information, we soon recognized that visualizing the network as
a network is rather the problem than the solution (Ziegler, 2001). Typically there are multiple part-hierarchies
embedded in the general graph. We propose a new graphical user interface, the Matrix Browser, to explore
and navigate networked information spaces, which makes use of our approach of a highly interactive adja-
cency matrix to visualize these part-hierarchies and the relations among them.

1 Introduction 

Networked information structures are becoming more
and more important for exploration and navigation of
complex data spaces, not only in the domain of the in-
ternet but also for business data, knowledge manage-
ment and retrieval. These nets are increasingly used for
information indexing and ontologies. So there is a big
demand for intuitive, dynamic and interactive visualiza-
tions attending the problem of net visualization.

Figure 1 shows the reference model of information vi-
sualization (Card et all, 1999), which shows schemati-
cally the flow from raw data to the visualization itself. It
also shows the various possibilities to manipulate the vi-
sual representation of the data. 

Raw networked data can be stored in various reposito-
ries for example in XML. Data transformations map raw
data into an idiosyncratic format, the data tables, rela-
tional descriptions of data extended to include meta da-
ta. In case of networked information this could be spec-
ifications like topic maps or onthology descriptions like
DAML and OIL. Visual mappings now transform data ta-
bles into visual structures that combine spatial sub-
strates, marks and graphical properties. Finally, by the
means of view transformation, views are created by
specifying graphical parameters such as position, scal-
ing and clipping. User interaction controls the parame-
ters of these transformations, for example, restricting
the view of certain data ranges. 

In information visualization, the underlying information
structure can be mapped to different visual structures
(Figure 1). The mapping most frequently used is to

show network structures as visually presented nets of
nodes and arcs. While the approach is straightforward,
it has several disadvantages. Overview and search in
large networks is difficult, especially if there is a com-
plex link structure. Visual search is impeded by arbitrary,
non-aligned positioning of nodes. Associated nodes can
often only be placed at a large distance from their neigh-
bour due to space limitations. While searching the im-
mediate neighbourhood of a node may be easy in many
cases, finding larger patterns of relations or following
longer paths in the structure visually is often difficult
and error-prone.

2 STATE OF THE ART

A new visual mapping and interaction technique was,
for instance, used in the Hyperbolic browser (Lamping,
1994) which is, however, mainly suited for hierarchical
information. Alternative, static net representations in-
cluding matrix displays of networks were already pro-
posed by Bertin (1981). Matrix-like displays were used
in network traffic visualization (Becker, 1995). However,
none of these approaches is particularly suited to visu-
alizing and interacting with large networks of abstract
data due to missing support of all relevant visual search
tasks or the lack of interactive exploration features.

The most common visual structure for nets is the net it-
self. Figure 2 shows two representatives for “net as
net” visualizations. The left side shows the hyperbolic
tree visualization, where the tree structure is projected

Figure 1: Information visualization reference model
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on an hyperbolic sphere to focus on the selected node
as the surrounding nodes are moving to the border. The
right side shows a simple graph representation. Both vi-
sualizations are good to explore the near area of a node,
but the user loses context when he moves along a spe-
cific path because the next selected node moves into
the focus as the last node moves away depending on
the algorithm, which arranges the graph.

The more networked the information is, the more com-
plex the representation gets, even if the hyperbolic tree
representation is capable of condensing the information
visualized. With the reference model in mind, it is obvi-
ous that “net as net” visualizations are on the stage of
visual structures and not on the views stage.

3 MATRIX BROWSER

The idea of the Matrix Browser visualization is based on
the following strategies

• usage of known metaphors

• high interactivity

• user controlled diminution of the amount of infor-
mation by filtering mechanisms

• pre-structuring information for amplifying context
awareness

The typically embedded part hierarchies in a graph are
used to prestructure the displayed information space
and to decrease the amount of data to be visualized. As
the result of the extraction, the user gets several net-
worked hierarchies, which can be displayed on the axis
of an adjacency matrix shown with the well-known met-
aphor of a tree. In the center of the matrix the selected
type of association between the leaves of the hierarchy
trees are shown as interactive symbols, which allow the
user not only to navigate on the trees, but also on the
associations. By expanding and collapsing the familiar
interactive tree of the hierarchies and the new but sim-
ilar working metaphor for the associations, the user can
increase or reduce the displayed amount of information.
In addition to the possibility to apply hierarchies to the
axes of the matrix, the user can place other selections
of nodes on the axes by filtering the information space
using different kinds of queries.

To give the users the possibility to explore the associa-
tions, the system itself has to derivate new associations
from the given links by abstracting the associations
onto higher nodes in the hierarchies. Thus the system
shows symbols in the adjacency matrix, which don’t
represent real links between the selected hierarchy
nodes. The meaning of this derivative association is that
a real association can be found between nodes in deep-
er levels of the hierarchies. By clicking on the symbol in
the adjacency matrix the corresponding hierarchies are
expanded and the underlying, real links are shown. So
the interactive symbol representing a derivative associ-
ation means that there is a real association somewhere

deeper in the hierarchies, but the symbol itself has no
more semantic relevancy.

4 Interactive Behavior

By expanding and collapsing their interactive trees, hier-
archies placed along the axes can be explored directly.
This kind of exploration is familiar and effective and
works both on the horizontal and the vertical axis. The
relations shown in the cells of the matrix for two cur-
rently selected sets of nodes should then always be
consistent with the current interactive state of the axes.
In order to achieve this consistency in the visualization,
a number of issues need to be solved. The first issue
concerns the visibility of relations for nodes that are cur-
rently not displayed in the tree because their superordi-
nate nodes are in a collapsed state. A second issue aris-
es for transitive relations where the relations between
two nodes can be propagated up or down in the hierar-
chy a node is part of. For example, in a scenario repre-
senting the organizational structure of a company linked
to the different locations of the units, a unit located in a
particular city is also located in the country and the con-
tinent that city lies in. Whether or not such inferences
are made, is depending on the underlying rules in the
ontology and the use of suitable inference mechanisms.
The visualization engine, however, should be able to
deal with these different cases. In order to support
these different requirements, Matrix Browser provides
different interactive types of relations in the cells of the
matrix. If a cell of the matrix is marked, it can represent
one of the following cases:

• An explicit relation represents a link explicitly speci-
fied between two nodes in the underlying graph.
This link may also be semantically typed.

• A hidden relation is an indicator that an explicit rela-
tion is located somewhere lower in the hierarchy of
the nodes, but is currently not visible because a
superordinate node has been collapsed.

Figure 3: Matrix Browser 
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• An implicit relation shows relations that have been
derived from the underlying graph by some infer-
ence mechanism. Implicit relations can be either of
an inheritance type, where a relation is propagated
downward in a hierarchy, or of a generalization type
where the propagation works upward. In the latter
case, a cell marked with this type indicates that by
expanding the axial node hierarchies, the explicit
relation that was the source of the inference can be
found somewhere lower in the hierarchy. 

These different types of relations are indicated through
different symbols shown in the cells. Both hidden and
implicit relations (generalizations) can be expanded just
like nodes in a tree widget by clicking on them (both are
marked with a ‘+’ sign). Through a tight coupling be-
tween cells and hierarchies shown on the axes, expand-
ing a relation also expands the nodes that belong to that
relation. In this way, the user can flexibly explore the in-
formation structure both be selecting and filtering those
parts of the complete graph to be shown in the matrix
and by interactively drilling down from high-level con-
cepts to lower-level nodes and relations. 

5 Conclusions AND FUTURE WORK

We have presented the concept and a first prototype
implementation of Matrix Browser, a tool for visually ex-
ploring large networked information structures. At the
present stage of work, the Browser is working with pre-
defined concept hierarchies and relations. A mecha-

nism for flexibly extracting hierarchies and implicit rela-
tions from an underlying ontology is being developed.
We also plan to implement tools that allow to use Ma-
trix Browser in information search, by marking search
results in the meta-data structure shown in the browser
and by exploring these results with a smart lens tech-
nique.
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ABSTRACT 

Empirical verification was demonstrated for the use of pressures of keystroke incorporated with the key-
stroke dynamics profile for secured authentication. Results revealed that this multi-modal approach was
more effective than the conventional authentication using keystroke latencies.
 

1 Introduction 

User authentication techniques are becoming signifi-
cantly important in all sorts of network security. Recent-
ly, biometrics authentication system has been widely
developed. The system uses physical features including
fingerprints, faces, and irises. This physical-based bio-
metrics authentication system is extremely powerful
for personal identification with less than three percent
of false reject rate and one percent of false acceptance
rate. On the other hand, keystroke authentication meth-
od, one of performance-based biometrics, has been in-
vestigated as well. The mechanism of keystroke au-
thentication is based on the template matching tech-
nique with a profile of a user’s keystroke durations and
latencies generated in an unconscious or intentional
manner (Net Nanny Software International Inc. 2001).
Many researchers investigate keystroke authentication
because: (1) it only requires ordinary input devices such
as keyboards and numeric keypads to acquire the pro-
file, and (2) even if the security is broken and a profile is
leaked out, you can register another profile by generat-
ing intentionally modified keystroke patterns, whereas
the profile is unique and it cannot be modified in physi-
cal-based biometrics authentication system. To identify
individuals, keystroke authentication tries to extract fea-
tures by applying varieties of mathematical methods
such as artificial neural networks (Alexandre, 1997) and
fuzzy logic (deRu and Eloff, 1997). However, it has been
indicated that there is a limitation for enhancing the se-
curity by using the information provided by the profile.
Thus, we investigate the use of pressures of keystroke
incorporated with the keystroke dynamics profile for se-
cured authentication. The objective of the paper is to ob-
tain the empirical data to clarify the longitudinal charac-
teristics of the user’s proprioceptive memory associat-
ed with the magnitude of pressure along with keystroke
durations and latencies as part of the evaluation process
of this unique authentication approach. 

2 Methods

2.1 Apparatus

A numerical keypad was made such that a 5mm-diam-
eter force-sensitive resistor (FSR) was equipped at the
surface of each pad for the measurement of keystroke
force. The sensor can be easily interfaced with an A/D
converter by using a voltage divider circuit. The voltage
signals from 10 sensors were transmitted to a program-
mable A/D converter controlled by a PC. The voltage
data were calibrated to force levels (kgf) using an expo-
nential regression by each FSR. The average coefficient
of determination for the regression equations was 0.98.

2.2 Experimental procedure

A total of six undergraduate students participated in the
study. The experimental paradigm consisted of a mem-
orizing session and three testing sessions. At the mem-
orizing session, the subjects are asked to enter a given
password, for example, “1275” as many times as they
desire in order to confirm whether they have memo-
rized the intensity of pressure of each keystroke and du-
ration between keystrokes for the given password.
Testing sessions consisted of 20 trials. Testing ses-
sions were conducted after one day, three days, and

Figure 1:  Numerical keypad used in this study. Force
sensitive resistors are equipped at the surface of the
pad. 
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one week from memorizing session. At testing session,
the subjects tried to enter passwords based on their
memory. After each trial, similarity of keystrokes was in-
dicated to the subjects such that the differently colored
pop-ups were shown in accordance with the criteria for
each of the thresholds, so they can modify their key-
strokes during testing. 

2.3 Design of experiment

Independent variables used in the study are summa-
rized in Table 1. A total of three testing sessions were
chosen as factors to be tested whether or not it causes
a lapse in memory. The dependent variable was the
peak keystroke forces measured by FSRs.

Table 1:  Independent variables

3 Results

Figure 2 shows typical keystroke force data in time se-
ries. All trials including four keystrokes completed with-
in 3 seconds.

The ANOVA showed a significant main effect on the
peak force for subject (F(5,1189) = 3311.3, p < .01), trial
(F(19,1189) = 3.82, p < .05), and key (F(3,1189) = 745.9,
p < .01), whereas session was not significant. 2-factor
interaction of subject with key was also significant
(F(15, 1189) = 363.1, p < .01). 
Figure 3 shows mean keystroke across keys and ses-
sions. As seen in the figure, keystroke forces were con-
sistent during periods tested.
Figure 4 shows keystroke forces across keys and sub-
jects. The figure clearly indicates that the difference in
keystroke forces across subjects were significantly
large. On the other hand, the difference by trial was fair-
ly small (SD of 0.047 for trial, and 0.713 for subject), al-
though it was significant. Therefore, it was concluded

that the keystroke force is a potential factor for identify-
ing individuals by defining an appropriate threshold that
covers the by-trial differences.

4 Multi-modal authentication approach 
using keystroke dynamics

4.1 Calculation of verifiers

The multi-modal authentication in this study used two
identity verifiers based on keystroke dynamics, i.e., key-
stroke latencies and keystroke forces. The technique by
Kasukawa, et al. (1992) was followed for calculation of
the verifier using keystroke latencies. 

They reported that 48.5% of False Reject Rates (FRR)
and 0.1% of False Acceptance Rates (FAR) was ob-
tained by keystroke data including subjects’ username,
password, family name and given name. 

The verifier using keystroke force (Norm(U,P)) was cal-
culated in the similar manner as the technique by Joyce
and Gupta (1990), as follows:

First, the weighted-ratio of keystroke force vectors (L1
to L10) were made by 10-previously recorded succes-

Variables Levels Conditions

Subject 6

Session 3 1day, 3days, 1week

Trial 20

Key 4 “1”, “2”, “7”, “5”

Figure 2:  Superimposed keystroke force in 4 key-
strokes (“1”, “2”, “7”, and”5”). 

Figure 3: Keystroke forces with standard deviation
across keys and sessions (Subject D). There were no
significant differences in keystroke forces on sessions. 

Figure 4: Keystroke forces across keys and subjects.
Keystroke forces changed with factors of keys and
subjects, which clarifies that keystroke force is a
potential factor for identifying individuals. 
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sive keystrokes consisted of n letters. The ith weighted
vector Li is:

Li =(li1, li2, ….lin) (1≤i≤10)
 

Lij is calculated as follows:

Lij ={ fij/(fi1+fi2+…+fin)/n} 

Where: fij = the peak keystroke force on ith trial and jth
letter. 
The reference signature P=(p1, p2, …pn) is the average
of L, i.e., 

pi =(li1+li2+…li10)/10. 

Now, norm(U,P) is calculated by the reference signature
and the test signature (U, U=(u1, u2, …un)) as follows:

norm(U,P) = Max(|uj -pj|).

When norm(U,P) is less than the threshold, the system
recognizes that the test signature matches the refer-
ence signature in terms of keystroke force. The authen-
tication in this study was used logical AND values be-
tween the keystroke latency and keystroke force verifi-
ers. 

4.2 Evaluating the verifier 

The experiment was conducted to evaluate the verifi-
ers. A total of six subjects participated in the experi-
ment. The subjects monitored the person’s keystrokes
once to memorize his keystroke dynamics. Next, the
subjects behaved as intruders, i.e., they imitated typing
the password 40 times to see whether their tested sig-
natures can be accepted as a reference signature regis-
tered by the person. FRRs and FARs were also calculat-
ed and compared with an authentication by keystroke
latencies. 
Results showed that the multi-modal authentication
was more effective than the conventional authentica-
tion using keystroke latencies even if the keystroke dy-
namics were imitated (See Figure 5). 
Thus, we opened up the effective way for using key-
stroke force incorporated with the keystroke latency
profile for appending the security to the Human-Com-
puter Interaction such as login process and ATM trans-
actions.
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ABSTRACT

Network reliability in multimedia telecommunication can be studied under two points of view, that of a de-
signer and that of a user. Choosing to study the users’ point of view, we examined the parameter intermedia
synchronisation. This parameter describes the delay between audio and video channels in a multimodal tele-
communication system. Aiming to offer design recommendations for audio-visual delay, we carried out an
empirical study with sixteen subjects presented with visual and auditory stimuli. Using a compare-and-select
task, delay was independent and user selection dependent variable. Focussing on the perception threshold,
we achieved significant results for delays formed by audio before visual and the opposite order. Our experi-
ment followed the forced-choice paradigm and applied the so-called best-PEST procedure. The best-PEST
procedure is a powerful adaptive method to estimate thresholds of perception. For different delays, we visu-
alize the user’s perception performance, and the progression of the threshold convergence. These plots can
help network designers in assuring the best trade-off between user perception and network optimisation. In
a future study, we will examine the user acceptance for different delay impairments

1 Introduction

Recent trends in telecommunication networks indicate
a shift away from the use of circuit-switched networks
(like e.g. N-ISDN) towards the use of packet-switched
networks (like e.g. IP or ATM). The original motive for
the use of packet-switching was the idea that the exist-
ing infrastructure could be used more efficiently by mul-
tiplexing several data streams. In the meantime, it has
become clear that this is hardly true anymore; rather,
packet-switching is a better match for the characteris-
tics of computer generated data. The increased net-
work efficiency of packet-switching has to be paid on
the other hand by its inferior network reliability. That is,
considerable variation in error rates, bit rates, and trans-
mission delays may occur. This variation represents a
challenge in the design and use of packet-switched net-
works. It is expressed by the concept of Quality of Ser-
vice (QoS). For the numerous definitions of QoS and the
detailed description of its constituting parameters see
the book of Fluckiger (Fluckiger, 1995). To date, the ma-
jority of research on QoS is systems oriented, focusing
on traffic analysis, scheduling, and routing. Relatively
minor attention has been paid to user-level QoS issues
(Bouch et al., 2000). It is not yet known how objective
system quality relates to users' subjective perceptions
of quality. This discrepancy is a driving force behind our
work, aiming to examine the end-user’s perception of
QoS. 
The work we present is part of a project called Quality
of Service (QoS) Expectations for Real-Time Dialog

Communication (QED). The major question in QED is
how network-induced impairments affect the interac-
tion of two or more users of a telecommunication sys-
tem. Such systems are typically pure videoconference
systems (over fixed or mobile networks, e.g. UMTS) as
well as systems enabling Computer Supported Cooper-
ative Work (CSCW). In principle, we formulate the ques-
tion as follows: 

What are the boundary values for specific impair-

ment parameters just allowing for a QoS users are

accepting? 

As a first step, we set out to answer this question for
the QoS-parameter intermedia synchronisation, which
is defined as delay between audio and video channel in
an audio-visual presentation. Since this parameter – in
contrast to roundtrip delay – is perceived in one-way sit-
uations, it can be investigated with single users. Studies
with single users demand less resources and can more
easily be controlled. Still, we expect our results to offer
design-relevant insights for multi-user situations, which
is the focus of QED.

In the following part of this paper we give details on our
empirical method, discussing the yes-no and forced-
choice paradigms as well as the best-PEST procedure.
In the third part we give details on our experiment, in-
cluding visual and auditory stimuli. In the fourth part we
offer empirical results, plotting delays towards percep-
tion performance and number of trials towards delay.
The last part of the paper discusses the empirical re-
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sults and suggests feasible values of audio-video delay
in network design.

2 Method

To examine the perception threshold of intermedia syn-
chronisation, we carried out a controlled, within group
experiment employing one audio and one video chan-
nel. In this experiment, sixteen subjects solved permut-
ed variations of a compare-and-select task. 
For the task of threshold determination, psychophysical
procedures have proven suitable. In principle there are
two measuring paradigms in psychophysics: the yes-no
and the forced-choice paradigm. With the yes-no mode
subjects are given a series of trials, in which they must
judge the presence or absence of a stimulus. A basically
different testing mode is represented by the forced-
choice mode: Subjects are given a variety of n alterna-
tives, from which they have to choose the one contain-
ing the stimulus. The subjects know, that exactly one al-
ternative contains the stimulus, and that the rest has a
zero-stimulus. It is assumed that subjects will opt for
the stimulus evoking the strongest perception, regard-
less their tendency to say “yes” or “no”. This is in con-
trast to the yes-no paradigm, where decision making in
the presence of uncertainty is according to psychologi-
cal characteristics of the subject, like e.g. prudence.
Therefore, in our investigation of the audio-visual syn-
chronisation threshold, we used a two-alternative
forced-choice (2AFC) task. We defined the threshold to
be that synchronisation error yielding 75% of detection,
since in 2AFC the rate of detection exclusively by
guessing is 50%. In order to reach the threshold as fast
as possible, we applied the adaptive procedure called
best-PEST suggested by Pentland (Pentland, 1980). The
requirement of minimal number of trials is given by the
fact, that after a long run of trials experimental subjects
tend to fatigue and to be bored, resulting in an apparent-
ly drift of their thresholds. In order to avoid these biasing
conditions, so called adaptive psychophysical proce-
dures have been developed, whose prior purpose is to
minimize the number of trials. For a detailed description
of adaptive procedures see the overview of Treutwein
(Treutwein, 1995). Our experimental set up, including
stimulus presentation, best-PEST algorithm, and data
acquisition was implemented using Macromedia Direc-
tor’s scripting language Lingo.

3 Experiment

The subjects were given a task where they had to de-
tect the delay between the presentation of a black disc
(diameter of 4 arc degrees) on a yellow background and
the slightly time-shifted presentation of a 1 kHz tone of
60 dBA. Both disc and tone lasted for 500 ms, therefore
onset as well as ending served as a clue for delay. The
order (auditory before visual or vice versa) and the posi-
tion (left or right on the screen) of the stimulus presen-
tation were randomly balanced. Seven female and nine
male subjects (aged between 25 and 56, mean=32) par-
ticipated in the 20 minutes lasting experiment. Each

subject had to complete the threshold procedure three
times for both orders, resulting in a total of 96 threshold
estimations.

4 Results

The threshold of the audio-visual synchronisation error
was 71 (±17) ms when auditory precedes visual (AV),
and 105 (±25) ms when visual precedes auditory (VA),
(numbers in brackets stand for the 95% confidence lev-
els). A one-sided, paired t-test shows that the mean of
the VA-threshold is significantly higher (p<0.01) than
the mean of the AV-threshold. Furthermore, based on
data gathered during the threshold experiments, figure
2 shows AV- and VA-delays that are considered not to
be detectable for particular proportions of users. For ex-
ample, up to 90% of the users will detect neither an AV-
delay smaller than 32 ms nor a VA-delay smaller than 62
ms. Gender and age had no significant effect on the de-
tection of synchronisation errors.

Figure 1: Test sequence of one trial. The duration of ∆∆∆∆t
is equal to the maximum likelihood of the threshold
computed in the best-PEST procedure. The occur-
rence of ∆∆∆∆t is randomly balanced between the left and
the right side of the screen. The question after each
sequence was: “On which side did you perceive a
time difference between sound and picture?”

Figure 2: Rate of subjects not detecting a particular
delay. Negative delays stand for trials where visual is
before auditory (VA), positive delays stand for auditory
before visual (AV).
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5 Discussion and Conclusions

Our finding shows that AV-thresholds are smaller than
VA-thresholds. This is plausible since it reflects human
experience in a natural environment, where the propa-
gation speed of light is much higher than that of sound.
Thus, humans are adapted to this situation and thereby
less sensitive to it. Other studies (Dixon & Spitz, 1980),
(McGrath & Summerfield, 1985), (Lewkowicz, 1996)
suggest that synchronisation errors are detected easier,

the more artificial the presented situation is. For our ex-
periment, the chosen presentation is highly artificial.
Thus, we consider the thresholds we found to be suit-
able for most stringent conditions, like e.g. telesurgery.
The suggested just noticeable synchronisation errors
may serve as a decision support for content providers
and network planners, in such a way that below these
values users will definitively not benefit from optimisa-
tion of the network referring to synchronisation.

6 References

Bouch, A., Bhatti, N. and Kuchinsky, A. J. (2000), Quality is in
the eye of the beholder: Meeting users' requirements for In-
ternet Quality of Service, in (Eds) CHI'2000, Hague, April 1-6,
2000, pp. 297-304.

Dixon, N. F. and Spitz, L. (1980), The detection of auditory vi-
sual desynchrony, Perception, 9, 719-721.

Fluckiger, F. (1995), Understanding networked multimedia:
applications and technology, Prentice Hall, London.

Lewkowicz, D. J. (1996), Perception of auditory-visual tempo-
ral synchrony in human infants, Journal of Experimental Psy-
chology: Human Perception and Performance, 22 (5), 1094-
1106.

McGrath, M. and Summerfield, Q. (1985), Intermodal timing
relations and audio-visual speech recognition by normal-hear-
ing adults, J. Acoust. Soc. Am., 77 (2), 678-685.

Pentland, A. (1980), Maximum likelihood estimation: The best
PEST, Perception & Psychophysics, 28 (4), 377-379.

Treutwein, B. (1995), Adaptive Psychophysical Procedures, Vi-
sion Research, 35 (17), 2503-2522.

Figure 3: Delays calculated by best-PEST for every trial.
The curves represent the mean of all subjects. Continu-
ous lines show the progression of the threshold con-
vergence. Dashed lines indicate the final thresholds.
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ABSTRACT

In the past, modern learning technology focused primarily on the technical, textual, and didactical configura-
tion of e-learning tools. Today, the focus is moving toward organizational integration. An implementation strat-
egy oriented toward the company as a whole appears to be indispensable for the long-term success of mod-
ern learning forms in companies. 
The TOPMedia Model has been developed by the Institute of Industrial Engineering and Ergonomics in
Aachen to deal with this kind of implementation strategy.

1 Introduction

Eventually, the initial euphoria in the field of e-learning is
making way for certain disillusionment. This trend is ob-
vious in view of the increase in bankruptcies of learning-
software producers. Current investigations have found
out that e-learning is not playing the expected role in
professional training programs (KPMG study 2002).
Only those learning-software producers can stay on the
market, who design their products for large target
groups (one to many) or offer full service, i.e. take care
of the integration of the project in the company as a
whole.
What is the reason for the negative attitude toward e-
learning?
In many projects and plans associated with e-learning,
technical and financial aspects are important issues.
The question of learning objectives, attributes of the
group, and desired effects are often not addressed until
basic conditions of the project have been established.
The financial success represents an important effect on
the reorganization from classical learning forms to new
learning technologies. But, very often this effect cannot
be achieved. This is frequently a result of the fact that
there are not enough participants in pilot projects and
that these projects are not integrated into the compa-
ny’s professional training structure.
The aspect least often considered, but most essential in
the current discussion, can be seen in the lack of strate-
gic orientation in connection with e-learning projects in
most companies.
In the past years, hardly any project took into consider-
ation what effects the implementation of e-learning
could have in the field of professional training in general
or which consequences e-learning might have for train-
ers and instructors.
When summarizing these deficits, two fundamental
causes can be detected:
1. The planning of e-learning projects does not focus

on the learner.
2. E-learning is not conceived to be strategically inte-

grated in the whole enterprise.

A strategic approach stressing the important role of the
learner with the aim of introducing e-learning in compa-
nies was developed by the Institute of Industrial Engi-
neering and Ergonomics in Aachen (IAW). This model
will be described in the following.

2 The TOPMedia Approach

The IAW has undertaken several multimedia projects in
the last years. In the first projects, the research activi-
ties led to the development of books with special multi-
media features. Later, this changed and target-group-
oriented learning software was developed. However,
the use of technology followed the didactical needs. A
cooperation project composed of several firms was
concentrated on the stronger inclusion of the organiza-
tional component (Luczak et al. 1999).
Subsequent to these project experiences, the TOPMe-
dia approach was developed by scientists of the IAW
(Gude & Frölich 2000). This approach is based upon a
model called TOP (Technology, Organization, Person-
nel) approach from the industrial engineering sciences. 

Figure 1: Structure of the Aachen model for introduc-
ing multimedia in companies (TOPMedia)
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In order to obtain the optimal impact, the approach is
composed of three different levels: level of technology,
level of organization and level of personnel. By that tri-
chotomy, a holistic approach for the integration of new
media in the area of professional training and education
can be achieved. Only a wide and enclosing insertion of
computer-assisted learning can lead to the anticipated
success. This point implicates the necessity of new
learning media in a strategic personnel development.
The aim of the model for introducing multimedia is
therefore to develop and advance a professional learn-
ing culture. The learning culture enables and supports
personnel development concepts through correspond-
ing organizational development. The term learning cul-
ture emphasizes an apparent and manifest interest in
learning processes. This refers on the one hand to the
company as a total system and on the other hand to the
individual employee. The learning culture of an organiza-
tion is characterized by two interactive factors: a) struc-
tures in the organization submitting and stimulating
learning processes (patterns of behavior from manage-
ment and superiors as well as the structuring opera-
tions of the industrial organization) and b) motivation of
employees to qualify themselves (SCHMIDT & STARK

1996). These two factors have been borne in mind in
the project by different measures based on the three
category groups technology, organization and person-
nel. They are embedded into the company surrounding.
In this context, there should be a strategic decision
about the degree of use of new media that could be in-
teresting for the enterprise.

2.1 Company surrounding

The implementation of e-learning always signifies a
strategic decision for the enterprise (Neumann & Stülp-
nagel 2001). Up to now, trial-and-error strategies repre-
sent the most common method trying to implement or
introduce new media (Schneckenberg 2002). Conse-
quently, if a company has to come to a decision in re-
spect to the implementation of e-learning, the following
questions can appear:

• What does e-learning mean for our company?
• Can e-learning help us to support our company tar-

gets?
• What should be achieved by e-learning? Which

learning targets are getting prosecuted?
• Does our company culture support learning with

technical media?
• What has characterized our learning culture in our

company, so far? Is it rather a self-controlled or an
externally-controlled process?

• Which resources are available for such a project
(budget and personnel)?

With regard to these questions, an interdisciplinary
project team composed of different experts of the com-
pany (management, personnel, EDP, marketing, train-
ers, learners, representatives of the pilot area) should
discuss the questions critically and find answers. After
that, the team should decide about an implementation,

the planned extent, and the insertion of e-learning. The
introduction of e-learning can be considered as a very
complex process. It is important to solve problems and
requirements of the company – not to produce colorful
and smashing multimedia-solutions (Cruyff 2001). After
the analysis of the previous aspects, and with a positive
decision in favor of the new media, three research
groups should be formed dealing with the relevant as-
pect of technology, organization, and personnel.

2.2 Technology

Technology represents an important basic condition for
the introduction of modern learning forms. In this con-
text, one must consider that the content of the continu-
ous training and education, and the didactical concept
have to be in the foreground. The premise should be: Do
what is necessary, not, what is possible (Cruyff 2001).
By discussing several general technical conditions in
connection with an e-learning project, it is important to
regard the following points:
• Assessment and transformation of technical condi-

tions (premises and equipment, hardware),
• Survey of different software-programs and their

possible applications,
• Evaluation of learning programs (quality, and possi-

bilities of use, suitability of the target group, sup-
plier, usability, modularity, compatibility),

• Exposure to or application of computer-based learn-
ing (CBT, intranet-, internet-version, technical orga-
nization),

• Estimation of effort, support and actualization of uti-
lized systems.

If all these prerequisites are fulfilled, the technical side
provides optimal information for the further planning.

2.3 Organisation

On the organizational side, experts dealing with a stra-
tegic and well directed introduction have to concentrate
on the following points:
• Integration of computer-based learning into corpo-

rate structures or demands on structuring opera-
tions and company organization structures in the
enterprise (i.e. computer-based learning has to be
included into corporate guidelines, its significance
for personnel development in the company has to
be made clear, involved/responsible hierarchies
have to be informed, decisions strategies have to
be developed, and the organization of “learning
with the computer“ has to be defined,...),

• Estimation of possible application of learning pro-
grams in companies (Which possibilities are there?
Is it possible to define different kinds of applications
and general conditions?),

• Assessment and transformation of organizational
conditions? (Which are necessary/possible? Defini-
tion of organizational restraints; Is it necessary to
consider restrictive conditions?...),

• Cooperation in networks / company cooperation to
exchange experiences and resources.
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2.4 Personnel

The process of continuous training and education and
its further realization can be found in most companies.
For this reason, this field bears a special meaning. Espe-
cially the role of the learner and the transformation of
strategic targets are becoming very important.
Personnel experts should deal with the following as-
pects:
• Demand analysis for qualification (What demands

does the company have?, How is it possible to cal-
culate this demand?),

• Estimation of requirements of specific target
groups (determining attributes, defining learning tar-
gets),

• Gaining knowledge about continuous training and
education concepts, their development, adapta-
tion, evaluation and realization with emphasis on
self-controlled learning processes,

• Didactical composition of multimedia learning sur-
roundings (assortment of media and methods),

• Realization of training measures.

3 Conclusion

The aim of TOPMedia is to define extensive success cri-
teria for the introduction of new media in the particular
companies. By this means, TOPMedia is designed to
ensure a successful introduction process. 
Considering the criteria of the TOPMedia model on the
occasion of taking a decision about the implementation
of e-learning in companies, one has to anticipate that
the chances of success of new media will get better.

For this reason, potentials in the field of e-learning will
be utilized better in future.
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ABSTRACT

The imc Higher Education eLearning Network is a Private Public Partnership in standard e-learning software
development. Its goal is to provide universities with a standard platform that fits their specific needs. The pa-
per presents the approach adopted by imc AG and its higher education partners and discusses some of the
lessons learned.

1 Introduction: ICT in Higher Education

Universities, in general, are rather reluctant when it
comes to opting for standard software and e-learning
platforms in their efforts to create a “virtual campus.”
Given the limitations commonly associated with com-
mercial standard products – e.g. limited adaptability,
pre-definition of a specific e-learning philosophy, depen-
dency on specific companies – this reluctance appears
to be justified and in line with the curiosity-driven cul-
ture of an academic setting.

However, there are no viable alternatives in sight. Idio-
syncratic approaches, for instance, are quite popular in
academic contexts for their high degree of individuality
and the independence they grant; yet they are costly,
time-consuming, and hard to implement on a broader in-
stitutional scale. Open source approaches, by contrast,
tend to produce lower costs, offer R&D opportunities to
the people involved, and promote the idea of adaptabil-
ity; yet in general, they move rather slow, do not provide
support services required for implementation and ev-
ery-day use, and they hardly exceed commercial prod-
ucts in their degree of flexibility and reliability and the
scope of customization that comes with them.

2 Innovation and Sustainability

As a result, there is an as yet unresolved conflict of in-
terests in the higher education sector: The search for
(technological) innovation and the claim for (academic)
independence to some extent oppose the (institutional)

need for reliable technological and organizational frame-
works in order to secure the sustainability and every-
day viability of ICT in higher education.

With regard to the creation of such frameworks on the
institutional, i.e. strategic level an approach that moves
beyond a rather limited, yet research-oriented project
perspective are needed. On the one hand, organization-
al and infrastructural issues need to be combined with
financial aspects, a view on the market, and a focus on
personnel development (Programmbeirat 2001).

On the other hand, new partnership and cooperation
models are needed when it comes to strategic invest-
ments on the infrastructural and technological level.

3 Cooperation and Partnership

This situation prompted imc to adopt a new approach to
designing new e-learning environments and to cooper-
ate with institutions in the higher education sector: the
imc Higher Education e-learning network.

3.1 imc information multimedia 

communication AG

imc information multimedia communication AG is a
spin-off company from the Institute for Information
Technology at the University of the Saarland, estab-
lished in 1997.

Figure 1:  Different Approaches - Pro and Cons

Figure 2: ICT in Higher Education: Strategic frame-
work 
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imc has a strong R&D-background in the area of ICT-
based university teaching. It is experienced in conduct-
ing complex media-projects in university settings, from
the initial designing stage to their implementation and
curricular integration.

On the basis of its e-learning platform CLIX® imc devel-
ops integrated e-learning solutions for companies and
universities; it is the preferred partner of major corpo-
rate universities (Kraemer/Müller 2001) in Europe.

3.2 imc Higher Education eLearning Network 

(HEEN)

The rationale behind the imc Higher Education e-learn-
ing network is to turn potential customers – i.e. univer-
sities – into company partners. Within the network, imc
and its partner universities cooperate in order to make
full use of the advantages of standard software solu-
tions, while at the same time making standard software
more flexible and adaptable to the universities’ specific
needs. Network members enjoy preferential rates and
special licensing agreements, and they receive support
and training services provided by imc. The imc Higher
Education e-learning network, thus, is designed as a pri-
vate public partnership (PPP), combining standard com-
pany software production/adaptation with an open
source component. It aims at creating a product partic-
ularly suitable to universities, to their e-learning require-
ments, and to their specific organizational as well as ad-
ministrative demands.

3.3 eLearning Platform CLIX® Campus

The imc Higher Education e-learning network is struc-
tured around the imc learning platform CLIX®Campus.
CLIX®Campus is built on CLIX®Enterprise, an AICC-cer-
tified product that serves as the standard platform for
numerous corporate universities.
The imc Higher Education e-learning network, thus,
serves as a forum in which universities voice specific
needs in view of their prospective e-learning environ-
ment. On this basis, imc adapts and modifies
CLIX®Campus in view of providing partner-universities

with a platform that uniquely fits their needs. Member
universities, thus, participate in the further develop-
ment and specification of standard software.

3.4 Private Public Partnership

The imc Higher Education e-learning network is a pri-
vate public partnership that brings together private and
public interests in view of generating a win-win-situa-
tion for all the partners involved. Its rationale is to foster
cooperation so that private/commercial and public inter-
ests meet on a common ground. 

The network, thus, aims at generating synergies – e.g.
cost reduction, risk sharing, competitive advantages,
transfer of know-how – in the course of an R&D process
of continuous and cooperative experimentation and ad-
aptation. Its over-arching concern is the most effective
realization of both private and public goals.

With this approach, the imc Higher Education eLearning
Network operates within a general framework of coop-
eration – i.e. a Public Private Partnership –that increas-
ingly proves to be successful in the area of research and
development (Vogel/Stratmann 2000).

4 Preliminary Results and Lessons 
Learned

Since it started operating, the imc Higher Education
eLerning Network as grown considerably. A number of
universities have joined the partnership, interested in

Figure 3:  imc eLearning Solutions
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bringing their needs into the further development of the
software they use. On such a broadened base for coop-
eration and exchange, imc has implemented a number
of new system components geared toward the univer-
sities’ specific needs (e.g. new course structures, work-
flows, a learning logic). 
What turns out to be a real asset – besides software im-
provement – is the forum for communication and expe-
rience exchange the network provides. Very often, indi-
vidual needs and idiosyncrasies have to be sorted out
and made explicit in an inter-disciplinary discourse. It is
quite difficult to define a common ground beneath the
specifics of the various disciplines involved and to en-
gage in a communicative process of prioritizing different
needs. Yet at the same time it is a rewarding experience
to see different interests merge to a common under-
standing of what needs to be done next. 
In this process, imc very often takes on the role of a me-
diator and moderator – not that of a company trying to
sell a product. Marketing generally plays no role at all in
the course of network-meetings.

Finally, besides all the “hard” facts underlying the coop-
eration there is on “soft” factor that turns out to be cru-
cial: trust. In a context where private and public inter-
ests meet, open communication and cooperation
would be impossible without the general feeling that
the parties involved actually can trust each other, that
they “speak the same language”, and pursue a com-
mon goal. 
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ABSTRACT

Many companies offering services, which involve a lot of knowledge, have recognized the importance of
safeguarding the knowledge about processes and methods. By doing this they are not making themselves
dependent on only a few experts and thus, they are able to provide all of their employees with the necessary
knowledge. The Institute of Industrial Engineering and Ergonomics at the Aachen University of Technology
has developed an integrated intranet-based Quality Management System, which supports several important
aspects of knowledge management. Because of the graphical user interface and due to the development
considering human factors of software-systems the utility of the system can be described as high. The imple-
mentation of a well-founded quality management system and the establishment of a knowledge-based per-
sonnel development were further aims of this system. The operating costs were reduced considerably with
the help of a client-server-structure, which also ensures the actuality of the stored knowledge.

1 From Paper to Electronic Quality 
Management Systems

Since it is unnecessary to print and distribute docu-
ments for each version of a Quality Management (QM)
manual, there is a clear time and cost advantage using
an electronic QM manual compared to conventional
versions (Lenz, 2000). However, one should not under-
estimate the relatively high update effort of electronic
QM versions (Kalbfleisch et al., 2001). New sources of
errors occur due to a manual creation of data files and
further modifications, e.g. the deletion of files and per-
sistence of links.
The Institute of Industrial Engineering and Ergonomics
(IAW) faced these problems with its own QM system
that is needed since the institute is certified according
to the DIN EN ISO 9001. This QM system is used to im-
prove the quality for several lectures and different types
of exams but also the work in research projects. The
problems mentioned above should be eliminated and
the aim was the implementation of a user-friendly sys-
tem that is easy to update. After analyzing the require-
ments of the different groups of users (quality manag-
ers, IT-experts, research and administration staff) it be-
came clear that this goal could only be reached through
a full separation of layout, content and structure. A spe-
cial focus was being laid upon the following require-
ments of the new electronic QM system: 
• clear recognizability of modifications,
• independence of place and distance,
• minimal update effort,
• information should be handed over by the process

owners (decentralized),
• quality managers should be in charge of the infor-

mation management (centralized),
• independence of operating systems/software,
• ergonomic user design according to guidelines in

DIN EN ISO 9241, Part 10,
• automatical check of technical quality.

2 Structure of the QM System

When conceptualizing the institute’s QM system in
1999, a continuous process traceability was intended.
For the QM system the structure of the Aachen Model
of an Integrated Management System presented in fig-
ure 1 was used instead of the 20 elements stated in DIN
EN ISO 9000:1994. This structure is based on concepts
that are characteristic for an organization and indepen-
dent of standards and other quality regulations. The
main structure consists of five manual chapters, de-
scriptions for crucial processes, agreements for sup-
porting processes and associated documents, i.e.
checklists etc. (Mackau et al., 2000). These processes
where adapted with regard to the university needs.

3 Development of an Intranet-based 
QM System

The QM concept consists of an intranet-based, hyper-
textual editing of QM documents including all further
data in HTML format. For this reason it is independent
of MS Word or other proprietary software solutions. It
only requires an Internet browser. Users are able to
bookmark particular topics and find links to other intra-
net documents of the company. In addition, it is easy to
search for documents or contained keywords. Usually

Figure 1:  Structure of Aachen’s Model of an Integrated
Management System (Mackau et al., 2000).
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the effort for creation and updating of Internet pages is
comparable to the creation of MS Word files. The cre-
ation of an intranet-based QM manual can be automat-
ed with the help of a Content Management System
(CMS).
A CMS is based on the complete separation of content,
structure and layout to support editorial, technical or de-
sign aspects when creating complex web pages. For
that purpose, both structure and layout of the web page
are specified by experts through templates or an appro-
priate description language. The CMS creates web pag-
es by combining the page structure with the content
stored in a database. Therefore, only the contents in the
database require update and maintenance. In figure 2
the structure of the contents and processes are being
described.

A big advantage of this approach – using a well- struc-
tured and database-oriented recording of QM topics – is
an easy implementation of additional features based on
this data. This data e.g. is used for a print version of the
QM manual, a report of responsibilities, which can be
extracted from change histories as well as reports of
outstanding authorizations and planned internal audits.
Furthermore, other features are possible and will be im-
plemented in the future.
Usually commercial CMS are expensive and require
many human and technical resources for installation
and maintenance, e.g. due to the necessity of high-ca-
pacity servers and integration of existing systems. This
is not profitable for smaller intranet solutions. This is
why the cost-effective SmartCMS is being used for the
electronic QM system described in the paper on hand
(SmartCMS, 2002). Good experiences with this system
were already made while redesigning online presenta-
tion of the institute. SmartCMS creates web pages to-
gether with its structure statically. For this reason they
can be hosted without any server modifications. Cus-
tomization to other (corporate) designs is possible with-
out problems.

4 Architecture of the QM Editor

Basis of the new QM system is the QM editor. With its
help, the users can update and manage their content (in

the QM database) together with associated documents
such as graphics or supporting files. Hypertext structure
is also important, so the texts contain links to enable the
users to go to other texts and documents needed in the
particular context. Due to a detailed history of modifica-
tions, authorizations and responsibilities the demand of
a complete documentation is given. Because the ac-
cess to previous version of the QM manual is neces-
sary, the texts of manual chapters and further docu-
ments are included. If required, authorized users can ini-
tiate the automatic creation of web pages from the QM
editor and even deploy them from there.

5 Architecture of the QM Portal

The design of the web side (see figure 3) fulfills the de-
sign principles of consistency and self-descriptiveness
as described in the DIN EN ISO 9241 - 10.

The left side contains the static main menu with the
most important features. In the big main area, the par-
ticular content is shown. The presentation of process
descriptions, agreements and associated documents is
standardized. An additional history provides detailed in-
formation about creation, edition, authorizations and ex-
aminations of the particular document showing, e.g.
dates and names. Documents are represented by a link
that makes it possible to view the attached document
file and if necessary, the history can be accessed by the
info-icon. According to the changing content of the main
area, one or more context-menus on the right side offer
relevant and frequently used features for the presented
content. For example, every page can be displayed in a
special print version to avoid the well-known printing
problems with web pages. Another context menu con-
tains a list of all mentioned documents and contents in
the description of processes etc. Thus, the users are
able to find important information without reading too
many details.

Apart from the textual description a graphical, task ori-
ented presentation of processes is available and should

Figure 2: Automatic build of an electronic QM Manual
using a Content Management System

Figure 3:  Layout and structure of a page in the QM
System 
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give the users a short overview. Figure 4 shows this for
the processes according the agreements for “exams”.

6 QM System and Knowledge 
Management

Since the contents are edited decentrally, but managed
centrally, they are accessible by all employees and so
offer possibilities of knowledge management. The sup-
port of different file formats enables the storage of or-
ganizational and technical knowledge in an appropriate
mode of representation.
The users’ interactions are logged in detail but anony-
mously. Thus, conclusions can be drawn concerning
user acceptance and missing information. In the future,
the logged interaction sequences should be used for an
optimization of the QM manual. By doing this it will be
possible to restructure the QM manual dynamically for
the purpose of presenting information tailored to the
needs of a particular user: frequently needed volumes,
process descriptions, agreements and supporting data
can be presented on exposed position. Aim of this per-
sonalization is a dynamic compilation of the QM manual
for each employee based on his individual needs (Kuen-
zer et al., 2001). Thus, it is possible to search for rele-
vant documents concerning the employee’s area of ac-
tivity and to automatically summarize information or if
necessary to present modifications made since the last
visit. New employees could get a list of the most impor-

tant information and documents for settling-in-period.
Of course it is possible to enlarge the documents itself,
e.g. by multi-language documents or different certifica-
tion standards. Support of a differentiated role model
and derived access rights to secret information are easy
to realize to protect valuable knowledge. Besides a
combination with email and chat programs is possible
and can form a basis for expert groups to exchange
technical knowledge regarding specific problems.

7 Conclusion

The introduction of an electronic QM system at the In-
stitute of Industrial Engineering and Ergonomics has
reached many different goals: process knowledge in
the area of teaching can be stored and edited in an ef-
fective way. Furthermore, the resulting QM portal -
build with a Content Management System – has be-
come a central point of information that is used more
than obsolete paper or text processing versions. By in-
tegrating all editors in an easy to use QM editor, soft-
ware process descriptions become more significant
and practical. Finally, this has proved to be an efficient
way of combining quality and knowledge management
in the educational area.

8 References

Kalbfleisch, D.; Schellenberg, A.; Gröf, S.: Wissen braucht En-
gagement. Wissensmanagement als Plattform für prozessori-
entiertes Qualitätsmanagement. In: QZ 46(2001)2, pp.132-
133.

Kuenzer, A., Schlick, C., Ohmann, F., Schmidt, L. and Luczak,
H. (2001) An Empirical Study of Dynamic Bayesian Networks
for User Modeling. In Schäfer, R., Müller, M. E. and Mac-
skassy, S. A. (Eds), Proceedings of the UM2001 Workshop on
Machine Learning for User Modeling, Sonthofen (pp. 1-10)

Lenz, G.: Einsatz eines Online-Qualitätsmanagement-Hand-
buchs bei einem Mittelstandsbetrieb. In: VDI-Z 142(2000)5,
pp. 40-43.

Mackau, D. and Müller, S. (2000) Small and Medium-Sized En-
terprise Derives Benefit from an Integrated Management Sys-
tem - a Case Study. In Dahlgaard, S., Dahlgaard, J. (Eds), Build-
ing People and Organizational Excellence. Aarhus: The Aarhus
School of Business

SmartCMS: www.smartcms.de, Website seen on
30.01.2002.

Figure 4:  Task oriented presentation for “exams”



Integral II: A Web-Based E-learning Approach      

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

Ralph REUTH, Dagmar Gude, Markus Soeding and Ludger Schmidt 119

Integral II: A Web-Based E-learning Approach 

Ralph REUTH, Dagmar Gude, Markus Soeding and Ludger Schmidt
Institute for Industrial Engineering and Ergonomics, Aachen University of Technology, Bergdriesch 27, D-52062 Aachen,
Germany, E-mail: <r.reuth, d.gude, m.soeding, l.schmidt>@iaw.rwth-aachen.de

ABSTRACT 

An approach for the development of an e-learning platform is presented. Due to highly interacting yet limiting
characteristics in terms of personal, legal, organizational, technical and didactical aspects a wholistic ap-
proach was chosen. According to this, a detailed requirements analysis was carried out that ends in the for-
mulation of a didactical and software-technical concept for later implementation. A case study is used to illus-
trate this approach.

1 Description of Integral II

The overall objective of the project INTEGRAL II is to de-
velop, test and evaluate amultimedia e-learning solu-
tion. The multimedia e-learning system will be specially
tailored to the field of industrial engineering and ergo-
nomics. Following that, INTEGRAL II consists of 15 lo-
cally distributed institutes in terms of industrial engi-
neering and ergonomics. This consortium shows great
promise as the learning content has a big practical rele-
vance and as these institutes possess sufficient experi-
ence in terms of didactical and usability aspects. Teach-
ing materials refer to the following topics:

• development of multimedia e-learning modules
dealing with technical-ergonomics and organiza-
tional affairs,

• development of interactive modules to train the
courses of re-organization processes

• sophisticated preparation of content in terms of
technical and didactical aspects.

Although the overall objective of an e-learning solution
seems to be clear, there are many barriers to cross. 

1.1 Limiting Characteristics of Multimedia at 

the University 

1. Personal aspects: There are multiple user groups
and consequently, several target groups who will
form an e-learning system. The different groups like
students, instructors, tutors and administrators are
not homogeneous. They all have diversified knowl-
edge, experiences, cognitive strategies and skills.
Therefore it is difficult to form groups having the
same attributes which is fundamental to form the
specific surroundings.

2. Legal aspects: There are legal limits to forming sys-
tems. The conditions under which a study may be
conducted regarding semester hours and testing
options varies from university to university. Accord-
ing to this, each project partner in INTEGRAL II
must be enabled to adapt the learning system to his
needs.

3. Organisational aspects and aspects of content:
Everything from the room where material is taught,
to the people delivering it such as assistants and/or
professors who will have an intent behind the deliv-
ery of the content, down to the content itself are
factors.

4. Didactical aspects: Many theories of learning are
important to the development and formation of
multimedial teaching methods and the didactics of
media as well. Learning contents, audience, didacti-
cal objectives and learning surroundings have to be
weighed in order to make a choice between the dif-
ferent theories of learning. Some promising
approaches seem to be: constructivist rudiments,
„learning in situation“ etc.

5. Technical aspects: In general, technical aspects can
be distinguished into three groups: (a) hardware,
(e.g. PC, workstation etc.), (b) software, (e.g. oper-
ating systems), and (c) information- and communi-
cation technologies, (e.g. bandwidth, application-
sharing etc.). The summation of these are needed
to form a proper e-learning solution.

In summary, there are a variety of limiting characteris-
tics to reach the overall objective of a multimedia sys-
tem for distributed e-learning, as these characteristics
are of cause not only mutually exclusive, but also highly
affecting each other. Additionally, system usability will
be a determining factor for a successful initial operation
of the e-learning system. 

1.2 Requirement Analysis 

The first step in designing an appropriate user-friendly
multimedia offer of teaching content is to reveal the tar-
get group, the learning situation and the overall learning
objectives. These factors have a strong impact on con-
tent creation. Also the reasonable choice of media and
relevant functionality is of great concern for creating an
appropriate interface (cf. Kerres, 2001). 
Following, the different selected media have to be
structured in terms of didactical aspects. First, multime-
dia content has to be prepared according to software er-
gonomics, usability, etc. Second, the content must be



Integral II: A Web-Based E-learning Approach

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

120 Ralph REUTH, Dagmar Gude, Markus Soeding and Ludger Schmidt

reasonably embedded with respect to the organization
of learning (e.g. curriculum, etc).

There is a present discussion in the community, which
e-learning platform currently in existence is the best
choice, or conversely, which platform could be devel-
oped into one that better suits a user’s needs. This is
not an appropriate solution to the current lack of strong
platforms for e-learning. The current approach is tailing
due to it being technology-driven, which means to pro-
vide a large amount of dedicated functionality as the
overall factor for success. But this does not include the
user and his or her complexities such as motivational
structure and information processing. 
Starting from these considerations a detailed require-
ments analysis is needed to point out all the factors
mentioned above. Consequently, an analysis team was
formed consisting of one software developer, two ex-
perts in terms of didactical questions and one psychol-
ogist. Hosting six workshops, a sophisticated question-
naire was developed related to the following topics:
1. The didactical objectives focus exclusively on the

students. At this point, how and to what extent the
different competencies in terms of humanity, social
and knowledge issues, methodologies, learning and
media shall be supported by the new system. In
addition, conventional practiced teaching strategies
were questioned in order to point out the differ-
ences to the new learning situations.

2. According to system design and specification of the
target group, the different users’ roles are impor-
tant. Thus, the constitution of the different groups
in terms of lecturer, tutor, administrator and student
was questioned, as well as the branch of study and
phase of diploma for the student.

3. After specifying didactical objectives and different
users’ roles, different scenarios have been built (a)
to provide a ‘common ground’ and (b) to enable a
structured acquisition of relevant information. This
was of even more importance as content in terms
of learning or teaching use relies on its organiza-
tional context (lecture, exercise, testing). Therefore
content is strongly linked to the overall context
where learning takes place. Consequently, each
scenario has different requirements towards sys-

tem design. Task complexity, degree of interaction,
local- and time constraints were used as indepen-
dent variables for derivation of future scenarios in
INTEGRAL II. As a result five possible scenarios
were identified:
• course management,
• presentation help in lecture or exercise,
• task-interactive exercise in presence presenta-

tions,
• temporally and locally independent treatment of

task-interactive exercises,
• treatment of complex case studies.

4. Moreover the different theories of learning have a
bearing on configuration of scenarios.
For example, scenario „presentation help in lecture
or exercise“ is based on courses of instruction; sce-
nario „temporally and locally independent treat-
ment of task-interactive exercises“ is based on
constructivist rudiments and as the case may be
„learning in situation“.
Each scenario was rated according to its relevance,
and given a construction aid for further scenarios in
cases of inappropriately suggested scenarios.

5. Next, system-relevant tasks and functionality must
be specified for keeping the different scenarios and
didactical objectives in mind. For this reason, each
scenario was specified by the use of task analysis.
Thereby the distinction in preliminary, executive and
reinforced tasks was used for structural task identi-
fication. This was done for each user role. Conse-
quently, the superstructure for system design is
known. It was up to the rater to stress task rele-
vance, and even more to supplement additional
tasks depending on his or her point of view. In the
end, each task had to be characterized by neces-
sary and desirable system functions. The distinction
in necessary and desirable system functions is
quite common in software development processes
as it can be used in decision-making.

1.3 Acquisition of Data

A questionnaire survey was conducted among the part-
ner universities, where a participatory approach was
used. Project colleagues evaluated the whole question-
naire, as did the future end users in order to incorporate
their notations in early systems design. Special tailored
questionnaires were given out depending on the rele-
vant user role. 

1.4 Results and further Proceeding

Learning and teaching is individualized by interactive
media content and the characteristics of the user
groups. Individualized learning and teaching can often
only be realized by extravagant expenses that beg sim-
plification, which will lower costs and possibly provide
better experiences for the user. To solve the problem of
diffused target groups, “levels” of characteristics of tar-
get groups are defined a priori (cp. Kerres 2001).
Based on these „levels“ learning options are designed
in such a manner that different methods of teaching and

Figure 1: development of multimedia learning offer
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learning are possible. In consequence user groups can
choose arbitrary media, learning contents and its inten-
sity within their limits. Further procedure in project IN-
TEGRAL II is to find answers to the following questions: 

1. What should the fixed levels be for students and
instructors? On which attributes of target groups
should the platform focus?

2. Which statements will provide insights about com-
petencies?

Didactical originators of media for end users will have a
bearing on: 

• selection of qualified forms of teaching and learn-
ing,

• selection of theories of learning,
• selection of media,
• design of modules of learning and 
• design of learning organization.

Considering a possible software-technical solution can-
not be isolated an outside team of experts must unity
the different and, in part controversial requirements
analysis results. Therefore it was recommended to start
system development with a mock-up of selected e-
learning display states depending on the specific user
role. This mock-up was strongly influenced by a style-
guide, didactical considerations and results of task anal-
ysis (navigation by grouping of tasks and decomposition
in sub tasks). At the initial phase, the mock-up should
not be limited by any technical restrictions in order to
evade the danger of technocratic system design.

Next is the decision and how to implement this mock-
up: buying a commercial product, an open source solu-
tion or to develop a new one. 

For this, the relevant functionality and features had
been identified in requirement analysis as criteria of
choice. Beside so called standard functionality like per-
sonal area, newsgroups, Email, functionality related to
course management, etc. the following KO-criteria
could be identified according to the specific require-
ments in INTEGRAL II:

• influence on usability by strict separation of ‘skin’
and content,

• integration of external tools by open interfaces,
• multi-frame and multi-windows ability,

• mostly independent content creation by external
authoring tools,

• open database connection and structure (ODBC)
for integration of highly interactive learning objects
(e.g. Java applets with data in/output),

• use of standards for import and export of content.
A large and varied catalog of criteria of choice is exist-
ing. Due to high development costs and lack of pro-
gramming power a proprietary development was dis-
carded. But this didn’t make it easier as there are more
than 100 e-learning solutions existing at market. A lot of
these have their origin in former knowledge-manage-
ment systems, that have been slightly adopted and la-
beled as ‘e-learning solutions’. 
Although there are a few evaluations and benchmarks
existing one has no idea about the implementation-
quality of functionality. Therefore a more practical way
was chosen by testing a few well known commercial
e-learning solutions and one open-source platform as
well in order to collect some own experience. Thereby,
the major advantage of an open-source solution lies in
an easily accessible source code, which can be modi-
fied to developers needs. This is even more interesting
as most of the KO-criteria can be controlled by skilled
programmers, which are needed for customizing.
Thus, it is to proof which solution fits best.
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ABSTRACT

Many e-learning projects have been set up for the last few years. In spite of a generous funding there are no
sustained structural changes, which are important for the long-term success of e-learning at universities. Ex-
emplified by the University of Freiburg, Germany, we will describe how projects can initiate a process of or-
ganizational change and which are the conditions to be successful. 

1 Introduction

For the last few years many projects have been set up
to gain experience with new learning technologies and
to realize the notion of a ‘virtual university’. The vision of
a virtual university was first seen as a new organization
without walls, using new information and communica-
tion technologies to create a virtual campus and to con-
nect students, teachers, researchers and administra-
tion. There are efforts towards this idea - not realized as
a new organization but in a co-existence of the new vir-
tual and the traditional campus-based university, which
I will call a semi-virtual university. 
The main part of project research is concerning didacti-
cal issues and technological problems. Organizational
issues have been neglected in most of the projects but
they are important for success in the long term. In the
following I will focus on this aspect and I will describe
how e-learning projects can start a discussion about or-
ganizational change exemplified at the University of
Freiburg.

2 E-Learning at the University of 
Freiburg

Like many other universities there are several e-learning
initiatives in different subject areas at the University of
Freiburg in Germany. All projects need services like a
Learning Management System (LMS) or a digital repos-
itory. Therefore it is not surprising that they struggle
with the same problems. To overcome the obstacles
we have build a network of early adopters. We have dis-
cussed our problems and we have formulated common
requests. After this internal process on project level we
established a dialogue with the vice-chancellor and the
head of the computer center. After a discussion about
the general situation of e-learning at the university and
our requests we have got a mandate from the vice-
chancellor of the university to implement a university
wide LMS together with the computer center as a first
step towards a holistic e-learning strategy. The LMS is
a component of the technical infrastructure for a semi-
virtual university.
At the same time the Ministry of Science, Research and
the Arts of the State of Baden-Wuerttemberg (Ministry
of Science) instructed all universities to work out a strat-
egy for the integration of e-learning, called ‘Media De-

velopment Strategy’. The LMS is a part of this strategy.
I point out that in this concrete situation there were in-
ternal and external forces, which complemented one
another and which have an effect on the university as an
organization.

During the evaluation and the decisive process a discus-
sion was started about how new media could improve
traditional teaching settings. Ideas how e-learning could
change teaching and in particular the university itself
were discussed and exchanged across various subject
areas and departments. As side effect the implementa-
tion of the LMS forced us to discuss roles and process-
es at the university and we had to substantiate and stan-
dardize something which before had not been concrete.
Paradoxically, during the process of virtualizing teaching
we made the university more concrete, which is also
described for further information and communications
projects in UK by Cornford (2000). 

3 Triangular Relationship

To analyze the situation it is helpful to identify the gen-
eral conditions of e-learning. A public program by the
Ministry of Science, which is also responsible for the
universities, funds most projects for a short time from
two to five years. Hence the result is a triangular rela-
tionship and contracts between the ministry, the
projects and the university as shown in figure 1. 

Figure 1: Triangular relationship between ministry,
university and projects
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The contracts between the Ministry of Science and the
university and also between the Ministry and the
projects are well defined. Because there is no explicit
contract between the university and the projects, they
have the chance to start a dialogue with the university
about the sustained integration of e-learning on univer-
sity level. 
The objective of the ministry is a sustained integration
of e-learning at universities with a holistic strategy. Uni-
versities always get new tasks but tasks are never
dropped. This phenomenon was called ‘Multiversity’ by
Kerr (1982). This is also correct to the new mission of e-
learning, which is expensive for universities. There is no
motivation to adapt to new external demands at the uni-
versity as organization.
Most of the projects are interested only in project goals,
for example developing new learning objects, research
on didactical and technological issues, and not neces-
sarily in long-term change of universities. That is not the
explicit project objective. Long-term planning and stra-
tegic change should be the task of the university man-
agement. But most of European universities are a
‘loose coupled system’ with a collegial leadership.
There is no powerful university management even
though there has been a permanent call for this at least
in Germany. Therefore it is not astonishing that com-
mon restructuring and changing models working in the
economy do not fit the complex situation and structure
of the universities. 

4 Organizational Constraints

Several parts of universities adopt different organiza-
tional models as described by Pellert (1999). The core
sector ‘teaching and research’ of most European univer-
sities, in particular German universities, is organized in a
cooperative way. This model holds the chance to exert
influence on university and institute management. But
it also could lead to a self-blockade of the working par-
ties, so that the university is unable to make a positive
decision for e-learning and tends to stay passive. Why
this? First of all the universities as organizations offer re-
sistance to the implementation of e-learning, because
this is a new task, which has to be performed with the
same strained financial budget as without e-learning. At
the moment the ministry establishes no positive incen-
tives as external motivation for the long-term imple-
mentation of e-learning. 
Also the amount of problems which are linked to the
successful implementation of e-learning seem to be too
complex to be solved. For example if you are going to
carry out an online course for internal and external stu-
dents you have to clarify the accreditation of the course.
The questions arise how the online course will count for
teaching load and how copyright issues have to be con-
sidered. If there is a multitude of online courses at a uni-
versity a university-wide plan and central services are
desirable. These problems do not appear in a clear way.
It is necessary to structure these complex and interde-
pendent problems. Therefore it is helpful to divide up

the issues into tasks, which can be solved internal at the
university or external. 

A solution to overcome this passive situation and to
solve internal issues is to build new informal networks
between actors in the area of e-learning as described by
Benz (1992) in the field of politics. This leads to breaking
up some rigid organizational structures and makes it
possible for the university to resolve some problems
with new innovative approaches.

5 Process

Inside the university system the e-learning projects
have to take the initiative for changing as seen in the ex-
ample of the University of Freiburg and have to start a
bottom-up process. They have to team up with other
porojects and to start a discussion about how e-learning
could be implemented at the university. 

Like in a political system they should build coalitions
both on project level and on university management lev-
el. It is necessary to get as much support as possible for
e-learning at all levels. To be successful in implementing
e-learning as sustained part of Higher Education you
have to combine bottom-up and top-down methods.
Without a broad support of colleagues and projects (bot-
tom-up) and without support of the university manage-
ment (top-down) and the cooperation of all important
actors like library, computer service center and adminis-
tration the implementation of e-learning will fail ((Trah-
asch & Lienhard 2001)). 

Projects with only a bottom-up approach will disappear
as soon as the public funding will expire. The combina-
tion of top-down and bottom-up strategies is not suffi-
cient for a system-wide change of Higher Education.
Additional to the internal process external forces are
necessary. In addtion to new social concepts e.g. life
long learning and challenges of new technology con-
crete external demands of the government, in particular
the Ministry of Education, are absolute necessary for
the change of university. A persitstent changing pro-
cess of Higher Education could only be achieved by the
combination of internal (university) and external (minis-
try and also society) requests. 

6 Conclusion

The way towards a semi-virtual university or towards
the co-existence of virtual und traditional university as
one organization is not as simple as is often promised
and it is not only a technological issue! For the long-
term success of e-learning at universities a changing
process has to be started which is a complex and a pro-
tracted process with pitfalls. To implement e-learning as
a university wide service and a normal part of teaching
strategic planning is essential. The strategy has do be
developed by all three players involved: the ministry, the
university management and the projects respectively
the teaching staff. The projects have to take the initia-
tive. They should start a dialogue and team up with oth-
er projects to increase their influence on university man-
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agement. Currently a big problem is that in most coun-
tries there are no positive incentives for the university
as an institution to adopt e-learning.

7 Reference

Benz, A. (1992), Mehrebenen-Verflechtung - Verhandlung-
sprozesse in verbundenen Entscheidungsarenen, in Benz A.,
Scharpf F. and Zintl R., „Horizontale Politikverflechtung - Zur
Theorie von Verhandlungssystemen“, Campus Verlag, Frank-
furt, pp.191ff.

Cornford, J. (2000), The Virtual University is... the University
Made Concrete?, Information, Communication and Society, 3
(3), 1-17.

Kerr, C. (1982), The Uses of the University, Harvard University
Press, Cambridge, Massachusetts.

Pellert, A., Die Universität als Organisation: die Kunst, Ex-
perten zu managen, Böhlau, Wien, Köln, Graz.

Trahasch, S. and Lienhard, J. (2001), Virtual Learning Enviorn-
ment in a University Infrastructure, in Johnsen, O., Waefler, K.
and Zeibekakis, G. (Eds.), Proceedings of the 3rd International
Conference on New Learning Technologies, Fribourg/Switzer-
land 13.-15.09.2001, pp. 7.3.1 - 7.3.5.



A procedure for Automatic Transformation of Standard Dialogs into Forms of the Internet      

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

Klaus-Peter FÄHNRICH (1), Benedikt Bietzker (2) and Rico Saupe (3) 125

A procedure for Automatic Transformation of Standard Dialogs into 

Forms of the Internet

Klaus-Peter FÄHNRICH (1), Benedikt Bietzker (2) and Rico Saupe1 (3)

(1) Institute for computer science, information systems department, University of Leipzig; Augustusplatz 10-11, 04109
Leipzig; email: Klaus-Peter.Faehnrich@iao.fhg.de

(2) ISA Tools GmbH, Kupferstr. 36, 70565 Stuttgart; email: Benedikt@Bietzker.de

(3) Institute for computer science, information systems department, University of Leipzig; Augustusplatz 10-11, 04109
Leipzig; email: Rico.Saupe@freenet.de

ABSTRACT

This contribution reports on the future development of interactive systems and their transformation into ubiq-
uitously usable formats. It is based on a report written by one of the authors at the University of Leipzig’s In-
stitute for Computer Science that deals with the identification of standard dialog objects and their automatic
transformation in (X)HTML. employed. It concludes with a possible solution for the stated problem.

1 Problem Definition

In the 70s and 80s the most computer systems consist-
ed of large computers (hosts) and pertinent terminals.
These so called Alpha terminals were ‘Thin Clients’, i.e.
they possessed little local intelligence and resources.
They were character-based and did not offer comfort-
able user interfaces.

With the emergence of PCs and Local Area Networks,
so called client server architectures with their Fat Cli-
ents followed. More and more of the application logic
was transferred to the client systems.

In this architecture the network communication was re-
duced and Graphic User Interfaces (GUI) were enabled.
Context sensitivity in application plays a important role:
e.g., context sensitive help and context sensitive adap-
tation of dialog objects.

A dialog defines the flow of the interaction between us-
ers and computer system on a Graphic User Interface. 

A dialog object is a part of these GUIs (Pushbutton, Edit-
text, Tablefield ...). These interfaces were proprietary.
Additionally different client systems with different plat-
forms and complex user interfaces also mean an in-
creased expenditure on training and a lot more stress
for the users. No standardised GUIs were available.
Also they are essentially limited on size of network of-
fering by LANs (Local Area Network). In the last years,
the trend went back again to Thin Clients and world-
wide standards. That means, In the worst case there is
only the possibility of a side oriented representation
method. Languages as (X)HTML and XML (XFORMS)
offer for it a good beginning. The comfort of a GUI that
the users were accustomed to, is in opposite to ubiqui-
tous usability: e.g., on Laptops and PDAs or over Inter-
net protocols. 

2 Dialog Classifications

An investigation of usual market information-processing
systems identified many dialogs that appear frequently.
They are suitable as predefined dialog modules in a soft-
ware module library (Ilg, 1999). Figure 1 shows an out-
line of these, classified by its functions. It concerns
mostly functions of navigation or starting processing
functions. (Fähnrich, 2000; Ilg, 1999). 

Most dialogs to some exceptions each change of the
specified dialogs leads to another new dialog. Not all of
these dialogs can be described in a general manner.
There are too many variations. Dialogs for user input can
have different structures: e.g. changing number of text
fields, selection boxes etc. The shape of these modules
changes situation-dependently. But there is always a
fundamental set of characteristics, which determine a
certain type of dialog. 

1. This paper of the master thesis, which was externally cared by ISA Tools GmbH Stuttgart, was created by Rico Saupe under 
supervision of the information systems department of the institute for computer science at the University of Leipzig.

Figure 1: Standard dialog view
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These dialog modules are called generic modules (Zie-
gler, 1997). In order to keep the number of variations as
small as possible and to ensure a high re-usability, these
software modules must be parameterizable.

3 Practical Investigations

On that score abstract dialog objects were examined by
the author from a large legacy system. It concerns an
application of the Bundesversicherungsanstalt für Ang-
estellte (BfA) for request handling and administration.
The classification of the standard dialog views (function-
al units) could be acknowledged. 
The structure of the dialog follows the object-oriented
paradigm and was built with the GUI tool IDM (ISA dia-
log manager). In order to get clearly structured platform-
independent dialogs ready for the internet, the object-
oriented approach can be used. Larger functional units
can be identified on the score of the object hierarchy
and their characteristics and converted into (X)HTML
forms. In dialogs created with the IDM only the charac-
teristics of these abstract interaction objects are de-
scribed, not its appearance (Weissbecker, 1995): e.g.
the organisation of the display or the height, width and
colour of objects. The concrete appearance of these ob-
jects is determined by the respective window system
(OSF/Motif, Windows).For this purpose a module was
integrated into the IDM. It generates on the basis of an
HTTP-query, as it were 'on the fly', a new form for web
with the required adjustments and presents it to the us-
er. A major problem is the conversion of the admitted
dynamics. Most of the dynamic is hidden in rules, user
and system events. For efficiency reasons it is no longer
possible to check each keypress in a form. The worst
case is to transmit form data only.

Because of that reason any examinations of inputs are
executed serverside by the rule engine of the IDM.
From the identified types of dialogs (message dialogs,

input dialogs, process dialog) of the BfA dialog there
were some functionally arranged Templates created,
which can be developed by designers. It uses a specific
tag to insert the new form into the template. The IDM
module may also insert unclassified dialog objects as
new forms into the template replacing a specific tag.
Figure 3 describes the solution architecture. 

4 Solution architecture

Two different views are used during the conversion pro-
cess. On the one hand, there is the dialog view, an ab-
stract view, which contains the raw structures of a dia-
log. There are templates used, which are specified
above. On the other hand there is the item view. There
are the individual dialog objects regarded and analysed
including their characteristics. Later the items are insert-
ed on the score of specific tags into the Templates.
They are placed into a tablefield. With mathematical
methods the position inside the table is calculated. 

The next paragraph will give an overview of the conver-
sion process from data input up to the complete form. 

First on the server the appropriate dialog is started and
the first website is generated. Now this can be request-
ed by a visitor of the web page. The new page will be
loaded and new user data can be filled in. After the user
sends this data to the web server, the CGI script pro-
cesses and stores it. The new data is then compared
with possibly already available old data and modifica-
tions are made to an existing internal page or a new
transformation of a form on the basis of a templates is
started. The Stub in this process will inform the CAQ
(BfA dialog) by a window message that a new user ac-
tion occurred. Now a renewed transformation can take
place.

Figure 2: BfA- Classification

Figure 3: Process of transformation
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ABSTRACT

Many edutainment applications currently are lacking in usability. Developers of edutainment applications of-
ten are neither specialists in human computer interaction nor in design. They need criteria for the design of
user interfaces of such applications. Guidelines containing principles and criteria for user interfaces of
edutainment applications should be developed by interdisciplinary co-operation of HCI specialists and design-
ers, as edutainment applications have to be both usable and attractive.

1 Introduction

Software ergonomics so far deal with applications for
working. On the other hand, applications that can’t be
addressed as systems for working become more and
more widespread. They include homepages in the
world wide web, point-of-information applications at
very different places, many CD-ROM applications, and
so on. Many of these applications can be described as
edutainment. They aim at imparting some information
to the users while being fun to be used. It is very obvi-
ous that some of these applications don’t reach this
aim. They are totally unusable while others can be used
very easily. As edutainment is a segment of market rap-
idly growing, usability becomes a crucial factor for the
success of such applications.

2 Types of Edutainment Applications

There is no sharp definition of edutainment. If we try to
mark the boundaries we find two important criteria. Un-
like office applications or other applications for working
they are used voluntary and without a task given by oth-
er persons like employers, for example. Use of the sys-
tem must be attractive, or else the users will stop using
it. On the other hand, there is a difference between
edutainment and applications for pure fun in that an
edutainment application always is to impart some new
information on the user. However, the difference be-
tween computer games for fun and those for edutain-
ment isn't clear cut

2.1 POI systems

POI systems with edutainment applications can be
found in museums and exhibitions, for example. Inter-
action with these systems is characterised by frequent
use of non-office hardware like touchscreens. As such
POI systems aim at every visitor they mustn't assume
any computer experience of the users. Nevertheless,
today most of the users are more or less acquainted
with computer applications.

2.2 CD-ROM systems

CD-ROM based edutainment applications range from
computer based training of foreign languages to elec-
tronic encyclopaedia, from adventure games based on
history to simulation of vehicles. Unlike POI systems a

CD-ROM based application may assume that the user is
familiar at least with the basics of use of the operating
system.

2.3 Web Sites

In terms of our definition most web sites can be charac-
terised as edutainment. Like developers of CD-ROM
based applications developers of web sites may as-
sume that the users have at least basic computer
knowledge. Unlike CD-ROM applications web based
applications have to take into account different plat-
forms of operating systems and hardware.

3 Lacks of Usability in Edutainment

Of all three types mentioned above there is an enor-
mous number of applications in use. Although a repre-
sentative overview is hardly possible it can be stated
that only a very few of them are outstanding both in
terms of attractiveness and usability while most of
them are difficult to use or don't stimulate to use them.

3.1 Presentation of Information

Many web sites, several CD-ROM based applications
and even some POI systems show deficiencies in pre-
sentation of information. It seems like many designers
of such systems have never heard of software ergo-
nomics. For example, it took many years to establish
typing black on white in computer applications, and late-
ly many web sites are white on black again. Perhaps
they are intended to be used by persons sitting in dark-
ened rooms.
In many edutainment applications we find poor readabil-
ity by wrong use of colours and by fonts which are too
small. The principles of ISO 9241-12 (ISO, 1996), espe-
cially legibility, discriminability and clarity, are often ne-
glected.

3.2 Navigation and Interaction

Navigation can be a problem in all three types of appli-
cation. Often controls for navigation aren't detectable.
In some cases it may be fun to move the pointer across
a screen page in order to find out where there are ele-
ments that show by a rollover effect that they are con-
trols. But if this is the only way to navigate through an
application, many users who want to get information
quickly will be deterred.



From WWDU to EWDU - Usability of Edutainment Applications      

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

Andreas M. HEINECKE 129

In forms on web sites controls often are used inade-
quately, for example check boxes instead of radio but-
tons, radio buttons instead of list boxes and so on. Scroll
bars appear where there is nothing to scroll. Text fields
are tiny but are to be scrolled both horizontally and ver-
tically, and so on.
It is an interesting fact that the majority of web sites us-
ing frames put the frame for navigation on the left side
of the display. As we read from left to right we first en-
counter the navigational menu which often is constant
throughout the application. The information searched
for is displayed in the part we look at afterwards. If the
frame, which contains the information has to be
scrolled this design forces us to move the pointer to and
fro across the screen.

3.3 Special Types of Nuisance

There is a special type of nuisance  that appears in many
variations. It can be characterized as wasting the user's
time. There are intros which can't be skipped, controls
rolling in onto the screen which can't be used before
they have found their places, animations of buttons
which have to be performed before they fulfil their
tasks, and so on. These are found in all three types of
applications.
Many CD-ROM applications could be programmed to
run from CD without set-up. Nevertheless, they copy
the nth version of some runtime system onto the hard
disk and change some settings of the registry without
giving the user any hints what is going on. In fact, this
behaviour violates the principles of controllability and
self-descriptiveness laid down in ISO 9241-10 (ISO,
1996).

4 Usability Issues

In order to define an agenda of improving human com-
puter interaction in edutainment applications we have
to consider both the differences and the similarities be-
tween edutainment and other areas of applications.

4.1 Basic Ergonomics

When we have stated some problems in usability of
edutainment applications above, we have referred to
the standard ISO 9241. Of course, we are only bound to
this standard when developing office applications. In
our opinion there are no reasons why an edutainment
application shouldn't keep to the principles of this stan-
dard as well.
In order to determine practical requirements for usable
edutainment applications we should check the criteria
of ergonomic standards first. Which of these are de-
rived from physiological or psychological human charac-
teristics? These should be applied to edutainment appli-
cations, too. Following this approach most of the stan-
dards for input and data display should be maintained.
Principles of the presentation of information like legibil-
ity and principles of the dialogue like self-descriptive-
ness can be regarded as prerequisites for usable
edutainment applications.

4.2 From Efficiency to Satisfaction

In classical office applications usability has mostly been
dealt with as a matter of effectiveness and efficiency.
The principles of dialogue design laid down in the stan-
dards mainly aim at these. Both effectiveness and effi-
ciency are defined by the user’s task. The third factor of
usability, namely satisfaction, often becomes neglect-
ed.

In edutainment applications there often is no well-de-
fined task. Users are very different regarding experi-
ence, knowledge and aims. Satisfaction becomes an
important topic. Applications must attract users and
motivate them to further use, to come back, or to buy
the program.

4.3 Design and Usability

Edutainment applications don’t have to follow style
guides of typical desktop user interfaces. In order to be
attractive they have to address emotional aspects as
well. Design gets more important than, for example,
conformity with user expectations. But design doesn’t
assure ease of use. So we need to examine the relation
between design and usability of edutainment applica-
tions. Design shouldn’t interfere with usability, and us-
ability shouldn’t constrain design more than necessary.

Although there are many books about usability of web
based applications like Beier & Gizycki (2002), Sch-
weibenz & Thissen (2002), Thissen (2001), and Lynch &
Horton (1999), for example, this knowledge obviously
doesn't get as far as to the responsible developers or
designers.

5 Agenda for Usability

Usability of edutainment applications sets two tasks.
Knowledge which is already at hand has to be clearly
stated and provided to the developers of software
which often are neither specialists in human computer
interaction nor designers. On the other hand, further re-
search is needed especially in some areas of POI appli-
cations and CD-ROM based applications.

5.1 Interdisciplinary co-operation

As edutainment applications have to be both attractive
and usable there is an urgent need for a dialogue be-
tween HCI specialists and designers. Meanwhile there
is a saying “If it looks good but doesn't work, it has been
developed by designers. If it can be perfectly used but
nobody wants to, it has been developed by HCI special-
ists.” Of course, this is exaggerated, as good designers
should take care of usability and good HCI people
should have at least an insight into design. Neverthe-
less, bringing together people of both disciplines could
be a step towards a help for developers which are nei-
ther of both. In Germany, a task working group on ergo-
nomics and design of the Gesellschaft für Informatik
(the German member of the International Federation for
Information Processing) has been installed for this pur-
pose.
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5.2 Guidelines for Usability of Edutainment

As many developers of edutainment applications seem
to have little or even no knowledge of software ergo-
nomics we should first provide a list of do’s and don’ts
for design regarding colours, font sizes, interaction ele-
ments and so on. We developed a first version of such
a guideline for a range of web applications in teaching
(Heinecke, 2002) which may be a basis to develop de-
sign criteria for other edutainment applications as well.

In a second step principles and criteria of dialogues in
edutainment applications should be developed in inter-
disciplinary co-operation. Developers of applications of-
ten have no time to read thick books. They look for pre-
cise criteria, which can be used without much interpre-
tation. In the 1990s a task working group of the Gesell-
schaft für Informatik has developed recommendations
for user interfaces of CAD systems (GI, 1996). The
structure of these recommendations (Heinecke, 1997)
might be used as a basis for guidelines to the design of
user interfaces of edutainment applications.
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ABSTRACT

The concept of usability grew out of HCI and cognitive science in the 1980's and later manifested in an ISO
standard. The concept is rooted in a conception of computers being used by single users as tools in a work
domain. Although computer technology has evolved substantially and penetrated the social, communicative
and personal spheres there haven't been any accompanying developments of the concept. This paper dis-
cusses a number of challenges to the concept, in particular from the Internet and mobile technology, and dis-
cusses possible avenues.

1  Introduction 

The concept of usability grew out of the fields of HCI
and cognitive science in the 1980's. Usability has un-
doubtedly come to stay, both as an academic field of in-
quiry (indicated by the number of journals and confer-
ences) as well as a professional practice (indicated by
the number of usability labs, handbooks, and courses).
The concept of usability has manifested in the ISO Stan-
dard 9241 (ISO) with three components: effectiveness,
efficiency, and satisfaction spanning the five domains
guessability, learnability, experience, system-potential,
and reuse. The assumptions underlying the concept -
most frequently unstated - are

• one user performing one task at a time with one
application in a work context 

• the user has a clear goal

• the task has the users' undivided attention

• assessing task accomplishment is possible and
meaningful

• faster is considered better

In the last decade the concept has received surprisingly
little attention in the research literature with van Velie et
al. (1999) and Jacobsen and Jorgensen (2000) as a few
exceptions. Jacobsen and Jorgensen advocated that
usability - based in Kuhn's model of paradigmatic evolu-
tion in science - still leaves a lot to be desired in terms
of conceptual maturity as even key concepts are ill-de-
fined. This was witnessed recently when Don Norman
(2001) wrote on a discussion list:

"Usability is NEVER the goal. … Usability is always sec-
ondary to the task or enjoyment ... Providing a useful re-
sult is first, above all others."

This sparked discussion on the list - to say the least - and
terms like functionality, utility, usability, useful, valued,
intuitive, pleasure, engaging, and marketability flew
through the air. The issue was settled when Nigel Bev-
an  (2001) suggested "If you substitute 'ease of use' for
usability it makes sense". In other words: A leading HCI
scholar used the term differently from many other peo-
ple in the field. Imagine this situation among engineers
building bridges.

2 Developments

The role of IT has changed dramatically in the last de-
cade, two of the most prominent changes being mobile
technology and the Internet, enabling communication,
localization and wide access to services and informa-
tion. Through development of portable equipment, em-
bedded systems and information appliances, comput-
ers have changed from tools to communication media
and thereby penetrated the social, communicative  and
personal spheres: think of PDAs, toys, personal home
pages, e-commerce, multi-player games, and chat
rooms. As Don Norman (2000) put it:

" … a new area of devices that not only fit the needs of
the user but have the capability of becoming attached to
their users socially and emotionally.

These changes pose fundamental challenges to usabili-
ty, conceptually and methodologically. This paper ad-
dresses these challenges and discusses possible ave-
nues.

3 Challenges to Usability 

The challenges are introduced through a number of ex-
amples that are clearly relevant to the user's comfort or
experience but are nevertheless not adequately cap-
tured by the current concept of usability - or even con-
tradict it.

• Many users suffer from having to remember many
passwords in a range of applications and services.
Is this a problem for the user? Yes. Is this a usability
problem? Not as considered from the perspective
of an individual application or service.

• A classical area of usability is errors and error mes-
sages (should be positive and constructive). The
underlying view is that errors are bad and should be
avoided altogether. In current web services, spell-
ing errors have become an opportunity or even a
potential source of income. The Danish site
www.dating.dk has been mirrored by the site
www.datin.dk ('g' is mute in Danish) that ridicules
the real site. Rumours do have it that similar 'mirror'
sites piggy-backing on www.carlsberg.dk and
www.berlingske.dk are under construction, over-
loaded with banner ads.
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• The emergence of the concept of user experience,
where the total range of aspects of the users' expe-
rience is considered. As an example, in an e-com-
merce site the traditional usability aspects of the
site is embedded in a host of additional context
aspects (e.g., emotional, social, economical, legal,
democratic, and ethic). A recent newspaper review
(Politiken, 2001) of a Danish fishselling e-commerce
site indicates this:

 "It was a pleasure to shop at skagenfood.dk … 
the prices were absolutely competive … order-
ing was easy … the delivery man was nice … the 
accompanying recipee made it form a synthesis 
… the dinner guests were full of admiration."

This raises the issue of scope: what should be
included in the concept of usability? An example is
credibility (Fogg and Tseng, 1999) that largely used
to be an implicit aspect but now may be of over-
arching importance in for example e-commerce.

• The cell phone Nokia 3210 is considered quite diffi-
cult to use; however, according to Jacobsen (2001)
a nerdy teenager found it very cool and highly
attractive as he was able to master it - as opposed
to other people - giving him social prestige among
his peers.

• The classic axiom faster = better has since long
been challenged from entertainment, edutainment
and infotainment. In current chat sites the axiom is
the opposite: the longer the better.

4 Discussion

There are two aspects of the challenges. The first is the
concept and the second is the professional practices in
systems development. As to the challenges to the con-
cept, the scope is at stake. Where is the limit between
an application or service and the context in which it is
used? The focus in recent years on „user experience“
is indicative of this. The issue is whether one focusses
on the totality of the users' experience with the applica-
tion or service. One can argue that these aspects are

covered through the subjective 'satisfaction' compo-
nent of usability - but it leaves the question of scope un-
answered: Satisfied with what?
As to professional practices, the challenges have been
met to some extent as the range of usability methods in
analysis, design and evaluation of IT-products have
changed over the years, e.g incorporating approaches
from ethnography, marketing, and consumer behaviour
- in particular in e-commerce sites and online communi-
ties.
One might argue that usability should remain as tradi-
tional usability and that new developments should be
encompassed by a new concept; we would argue that
both the concept and the methodologies should reflect
reality, e.g., include aspects from ethnography, social
psychology, communications theory, marketing, and
consumer behaviour; a recent example of such an ap-
proach is 'inclusive design' that seeks to accommodate
ethnical and physical diversity in the user population.
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ABSTRACT

As a result of the increasing globalisation of organizations, information systems must deal with issues of mo-
bility. Longer distances between the members can lead to a knowledge gap, which means that two groups of
people working in the same organization work according to completely different bases of information. Thus,
there is a need for the members of an organization to communicate efficiently across geographical and de-
partmental boundaries. The paper discusses motives, methods and experiences from the participatory de-
sign of a versatile Intranet application currently in use at the Division of Computer Aided Design, Luleå Uni-
versity of Technology in Sweden.

1 Introduction

As organizations tend to become increasingly globa-
lised, new demands are put on their ability to deal with
issues of communication, information sharing and
knowledge creation. With longer distances between
people, many of them with different responsibilities and
activities within the organization, there is a clear need
for the members of the organization to communicate ef-
ficiently across geographical and departmental bound-
aries (Robinson & Stern, 1997). Today, many organiza-
tions have started to recognize the importance of im-
proving their ways of managing their knowledge assets
(Offsey, 1997), and this might be particularly true for
those organizations that are geographically distributed.
Knowledge-intensive organizations, such as industrial
research divisions, academic research departments or
consultancy companies, often consider knowledge to
be the primary asset of their organization, as opposed to
the research papers or high-tech products that they pro-
duce (Starbuck, 1992). 

“The actual product of the pharmaceutical industry is
knowledge, - pill and prescription ointment are no more

than packaging for knowledge.” (Drucker, 1993)

This view on knowledge management as a condition for
competitive advantage implies, among other things,
that all employees are given equal access to corporate
information (Nonaka & Takeuchi, 1995). A widespread
understanding of the capacity of the organization will lay
the foundation for an increased, and more efficient, use
of the organization’s intellectual capital (Stenmark,
2000). By encouraging contributions and sharing of
ideas from all their members, and by handling these
contributions in an efficient way, organizations will be
able to utilize knowledge resources which previously
were unknown or out of reach. Instead of merely stor-
ing information for future use, which is still the case in
many organizations, efforts should be made to add val-
ue by facilitating information sharing and knowledge
creation. Successful knowledge management and cre-
ation will also make it possible to distribute responsibil-

ities and decisions closer to the people who know the
most about the task at hand. 
Even though tools for web publishing are becoming in-
creasingly easy to use, the problems with inconsistent,
or poor, design and layout remain. Per definition, the in-
formation may be published and easily accessible, but
the message can still be lost due to poor design of text
and graphical elements. In many organizations the bar-
rier is simply too high when it comes to efficient infor-
mation sharing, and too much of the responsibility to
share knowledge and information lies with one single
department – or at worst, with one single person.
The Intranet project at the Division of Computer Aided
Design was started in order to deal with the issues of
information sharing and knowledge creation as de-
scribed above.

2 Corporate context

While enjoying the benefits of a close collaboration with
industry partners and other universities, the Division of
Computer Aided Design is currently facing problems
with decentralization. Besides of their positions at the
division, some members of faculty are also holding po-
sitions at other universities, even outside of Sweden. A
large percentage of the doctoral students are perma-
nently located at various partner companies or collabo-
rating universities. Additionally, EC research projects
and other international collaborations require extensive
travelling as well as continuous exchange and sharing of
information between the partners.
In previous years, monthly staff meetings have func-
tioned as a communication channel for formal informa-
tion, such as strategies or activity planning, while daily
face-to-face communication has been the natural way
to share informal information, such as advising col-
leagues on articles in progress or just letting each other
know how their work is progressing. Since the formal
meetings had a continuously decreasing number of par-
ticipants, and since regular face-to-face communication
was now possible for only parts of the staff, it was be-
coming increasingly obvious that the division was going
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through a transition phase – from a co-located academic
department to a decentralized organization with new
demands for communication and information sharing.
As knowledge sharing across departments, functions or
geographical locations is regarded as a core organiza-
tional competence (Newman, 1997), the division decid-
ed to create a virtual space that could facilitate informa-
tion sharing and communication in an organization that,
physically, was becoming globally distributed.

The objective of the Intranet was not to store large vol-
umes of organizational information that the staff could
access from the Intranet. The real problem lies not in
the presence of information, but in the quality and ac-
cessibility of the information. There was a need to share
the organization’s knowledge base between the staff in
an efficient way, hereby giving them greater responsi-
bility and involvement in the organization’s decision-
making process. One of the goals was to make it possi-
ble for every member of the organization to work, at
least to a greater extent, using the same information
base and general understanding of the organization as
their colleagues, independent of geographical location
or work responsibilities.

3 Methodology

An information system, like any other software system,
does not work just because it is robust, reliable and
meets its functional specification (Winograd, 1996). A
well-designed system works for people in a context of
values and needs, and it also helps producing quality re-
sults and a satisfying user experience, which is com-
pletely in line with the notion of usability.

Thus, designing for usability does not imply the design
of foolproof systems, but rather the need to design sys-
tems that are anchored in the activities of the users.
Such a system will prove its usability by truly supporting
people in their work practice. When people are using
computers in their everyday work, they mainly use
them as tools in order to accomplish certain tasks or to
achieve certain results. Regardless of the complexity of
the actual task - sending e-mail or performing advanced
calculations – it is still the task to be performed (Work-
of-the-Work) that is of importance to the user, not the
tool used to achieve the result (Work-of-the-Tool) (Holz-
blatt et al, 1993). 

System developers, in general, try to understand the
work of users by applying their own concepts of effi-
ciency, reliability, usability and so forth, to an imagined
work practice, which they have little or no knowledge
about. Since users and developers do not share a com-
mon practice (Greenbaum & Kyng, 1991) or a common
language, a communication breakdown is likely to occur
somewhere in the development process, which could
end up with the users having to adapt to the system
rather than the other way around.

Ethnographic techniques, such as observations, video
and tape recordings, informal interviews and field notes
are often utilized to inform systems design (Ely 1991,

Anderson 1997, Blomberg et al 1993, Randall et al
1994) while techniques for Participatory Design (Schul-
er & Namioka, 1993) are increasingly used in projects
where the aim is to actively involve future users in the
system design, rather than just seeing them as passive
sources of information. A blend of these techniques
was used in order to better understand the work con-
text that the final system would be put into.

4 Resulting system

In order to achieve the dynamic properties that charac-
terized most of the user needs, the Intranet was devel-
oped using Active Server Pages (ASP), Wireless Mark-
up Language (WML), and relational database technolo-
gy.

Most of the information available on the Intranet can be
updated through a web interface. There is no need for
the staff to learn web-publishing tools, and since the da-
tabase is populated through form submissions, it is ac-
tually not harder to publish content on the Intranet than
to write e-mail. For example, each field of a certain form
represents text elements, such as a headline or the
body of an article. When submitted, the information is
stored in the database, and can then be retrieved and in-
serted into the web page, following the predefined for-
mat. Thus, if defined correctly in the ASP code, news
headlines will always be in a bold font, while date and
time for the news item will always be in italics. The user
simply cannot do a mistake that will ruin the design and
layout of text and graphical elements. The ASP can thus
be seen as a template, which is then populated with the
latest information from the database.

In order to facilitate communication between staff
members, and to provide direct access to colleagues,
tools for synchronous communication such as ICQ1,
SMS (Short Message Service) and Microsoft Netmeet-
ing2 were integrated into the system. ICQ is a program
that will notify you when your colleagues and other con-
tacts are online. For example, the software lets you chat
and send instant messages or files in real-time. SMS is
a service for sending messages of up to 160 characters
to mobile phones that use Global System for Mobile
(GSM) communication. GSM and SMS service is prima-
rily available in Europe, but the system we use enable
us to reach non-GSM mobile phones and pagers even
in the USA3. Netmeeting is a tool that enables low-
bandwidth, real-time communication and collaboration
over the Internet using for example audio, video, appli-
cation sharing and file transfer. 

Thus, as a combination of these technologies, it is now
possible to chat, send files, initiate videoconferences
and send instant messages to colleagues directly from
the Intranet. Additionally, the SMS functionality is used
to notify students of late changes in the course sched-

1.  http://www.icq.com/
2.  http://www.microsoft.com/netmeeting/
3.  http://www.tellustalk.com
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ule, and to notify the system administrator of critical
temperature changes in the computer rooms.

5 Conclusion

As a result of the increasing globalisation of organiza-
tions, information systems must deal with issues of
mobility. Longer distances between the members can
lead to a knowledge gap, which means that two groups
of people working in the same organization work re-
garding to completely different bases of information.
Thus, there is a need for the members of an organiza-
tion to communicate efficiently across geographical and
departmental boundaries. By facilitating knowledge
management and creation, it will also be possible to dis-
tribute responsibilities and decisions closer to the peo-
ple who know the most about the actual situation.
Additionally, this decentralization means that people
need to access and contribute to the corporate informa-
tion flow regardless of their physical location, using a va-
riety of client hardware, such as workstations, portable
computers, handheld computers, or mobile phones.
The system design has been influenced and informed
by ethnographic techniques, while techniques for Par-
ticipatory Design have been used to actively involve the
users in the system design.
By anchoring the design decisions in the needs and
work activities of the staff, and by actively involving the
users in the design process, we have arrived at a sys-
tem design that works as a true support in the everyday
work activities at the division. While satisfying the
needs for mobility and efficient information sharing, the
Intranet also reduces workload in terms of administra-
tive tasks. In this virtual meeting place, formal and infor-
mal contacts can continuously be taken - regardless of
the physical distance between members of the organi-
zation. The dynamic properties that the users required
was achieved by the use of Active Server Pages (ASP),
Wireless Markup Language (WML), and relational data-
base technology.
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ABSTRACT

In this paper, we propose a method of personal authentication with keystroke timing patterns based on Self-
Organizing maps (SOM). At first, we show a necessity of biometric authentication and general privacy on the
Internet Service as WWW. Secondly, we show how to construct the system, and explain an application of
SOM theory. Finally we show the system ability test to measure False Acceptance Rate (FAR) and False Re-
jection Rate (FRR) on the maps, which were trained with 56 input-vectors. For result of this ability test, our
system keeps FAR and FRR 25%. Thus it seems that our method is available for personal authentication.

1 Introduction

Information sharing on the World Wide Web (WWW),
which is the most popular Internet service, is progress-
ing rapidly today. WWW can cover the area crossed
broadly, it is very effective as a means for information
sharing.
On the other hand, the cracking act that uses the infor-
mation on a server unjustly is also increasing rapidly.
Usually, when sharing the information that touches on
individual privacy, we authenticate a valid user by the ID
and password.Å@It seems that the traditional personal
authentication method is not enough as security, and it
is not safe today.
Several biometric authentication methods using a retina
pattern, a fingerprint and so on, are proposed as the
techniques of strengthening personal authentication.
These authentication methods require adding a new
hardware to the current system, then burden applied to
a user is large, or the structure becomes complicated.
Furthermore, system production cost will be high.
In this paper, we propose a method of personal authen-
tication with keystroke timing patterns based on Self-
Organizing Maps (SOM). The advantage of this method
is that it requires no hardware for biometric authentica-
tion. Since the keystroke timing patterns are obtained at
the time of inputting a PIN as normal login sequence for
the valid users.

2 System Construction

We constructed the verification system using client/
server model on the Internet. When a user inputs ID
and PIN on client machine, the system records key-
stroke timing pattern, then it sends to the server to au-
thenticate. At the server side, the all parameters are ver-
ified and authenticated by the system with SOM. Then,
the server returns the result of authentication to the cli-
ent (see Figure 1).

2.1 Client by Java Applet

We implemented the client system as Java Applet,
which runs on Web browser. Users do not have to in-
stall it to their own computers, since the program is

sent to them automatically through the Internet. Users
don’t know, and also need not know that the program
obtains their keystroke timing patterns when users en-
ter their own PINs to the system, because this PIN en-
tering style is the same as the usual one.

2.2 Server by the Java Servlet

An authentication on the server side was implemented
with the Java Servlet. The Java Servlet runs as a part of
the Web service on the server, same as Common Gate-
way Interface (CGI) of the service. Generally a server
side program in Java Servlet runs faster than CGI’s. The
authentication program uses two engines. One is a tra-
ditional engine and the other is a SOM engine. Users
must pass these two authentications.

3 Personal Authentication with Self-
Organizing Map

3.1 A Proposed Method

The Self-Organizing Map (SOM) is one of neural net-
work models, which is a general unsupervised learning
method for ordering high-dimensional statistical data. 

In our method based on SOM algorithm, keystroke-tim-
ing patterns are used as input vectors for the learning.
The input vector has all spans between every key-

Figure 1: The System Construction
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stroke, which is pressing and releasing time of 1 charac-
ter of the PIN. 
Collected 8 times per person, PIN input timing, then cal-
culated maps for authentication using 3000 learning cy-
cles. 
Using the learned vectors and one data vector, a mean
of Euclidean distances (norms) are calculated (1). If the
mean is less than the defined threshold, it’s considered
that the authentication is valid (2).

3.2 Personal Authentication Experiment

We used a shared PIN (4 numerical characters) for 7
persons, and measured each keystroke-timing patterns
of the PIN 8 times for creating maps and 40 times for
evaluation. For evaluation, we introduced False Accep-
tance Rate (FAR) and False Rejection Rate (FRR). These
are defined by the expressions:

3.3 Result of Experiment

The result of verification is shown in Figure 2. The cross
over point shows trade-off point. Our system keeps
FRR and FAR 25% at trade-off point

Thus it seems that our method is available for personal
authentication. 

4 Conclusion

We proposed a personal authentication method with
keystroke timing patterns based on Self-Organizing
Maps. Then we constructed a prototype system by this
method. Furthermore, we had an authentication exper-
iment and evaluated the method. The result of our ex-
periment suggests that this method based on human
factor of keystroke timing patterns is able to raise a se-
curity level
Now we are examining the new method in order to
achieve a high reliability of authentication by keystroke
timing patterns
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ABSTRACT 

The paper provides requirements analysis and system design for a remote submission system with the capa-
bility to automatically invoke anti-plagiarism and marking subsystems. The system is designed for implemen-
tation at the University of Derby and data reflects this. Results are applicable to many similar organisations.
The work is set in the context of electronic submission and content checking, however our primary concern
is its systematic application to the electronic detection and classification of plagiarism and the assessment
process in the e-university. The system provides the means for students to submit their work electronically
and for the automatic checking for plagiarism to be conducted prior to delivery to the assessment system.
Developed as a modular extensible system it is under continuing development. Initially we discuss system
requirements. The paper provides an introduction to the plagiarism problem and prior research in the area in
the next two sections. The fourth section is concerned with our approach to the system design. The next two
sections provide details of the submission and plagiarism checking subsystems. 

1 Introduction 

The paper provides requirements analysis and system
design for a remote submission system with the capa-
bility to automatically invoke anti-plagiarism and mark-
ing subsystems. The system is designed for implemen-
tation at the University of Derby and data reflects this.
Results are applicable to many similar organisations.
The work is set in the context of electronic submission
and content checking, however our primary concern is
its systematic application to the electronic detection
and classification of plagiarism and the assessment pro-
cess in the e-university. The system provides the
means for students to submit their work electronically
and for the automatic checking for plagiarism to be con-
ducted prior to delivery to the assessment system. De-
veloped as a modular extensible system it is under con-
tinuing development. Initially we discuss system re-
quirements. The paper provides an introduction to the
plagiarism problem and prior research in the area in the
next two sections. The fourth section is concerned with
our approach to the system design. The next two sec-
tions provide details of the submission and plagiarism
checking subsystems. We conclude with results for
particular test scenarios.

2 Discussion 

The 1998 survey by Who’s Who among American High
School students found that four out of five students ad-
mitted cheating. This is of even greater concern when
the work is submitted through the web and originates
from globally distributed students in an e-university en-
vironment. Our work provides the electronic means to
detect plagiarism, (Glatt 1982) whether accidental or de-
liberate, (Waterhouse1997) and provide indicators as to
its extent and severity as a subsystem of the submis-
sion system. The focus is to provide a web-based tool
for our e-university environment that will address the

need to collect, collate and verify submitted work in ac-
cordance with existing approved procedures. Detection
of plagiarism automatically at the point of submission
will provide increased quality assurance whilst remov-
ing the burden of detailed inspection from staff. It is ev-
idently extensible to individual use for those afraid of ac-
cidental plagiarism.

In order to do this we needed to provide a sequence of
checks that will assess the work submitted against cri-
teria specifically chosen to aid detection of similarities
to other work. The checks do not explicitly state deliber-
ate plagiarism has taken place but rather they provide
various measures which when appropriately analysed
lead to reasonable conclusions. It is a requirement that
the checks are considered appropriate to the topic at
hand. A check for similarity will not help in a mathemat-
ics test where calculation and formal style are required.
(We would find against those with the correct answers).

We have chosen to base checks upon; Style, Use of
Language, Spelling, Common Errors and Similarity.
These choices are justified within the work. The e-uni-
versity and its global nature create further difficulties in
these areas. E.g. Local ethics and norms. A person de-
velops a particular style of written work both for a par-
ticular occasion and at a particular stage in their devel-
opment. Therefore we can develop a set of readability
statistics for a given piece of work that may be automat-
ically compared to statistics on similar pieces of work.
E.g. In the case of students, we may wish to check each
piece of work submitted in a particular assignment
against all others submitted. Style can be examined for
its nature; formal, technical, legal, or informal. The met-
rics developed may then be placed in a database for
comparison against other work; either the persons own
or that of others.

The use of language has been tested for many years in
the assessment of intellectual development. A variety
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of tests have been developed which measure the ease
with which a document may be read. We may check for
a similar level over a period or against a person’s peers.
Abnormalities may occur both at the level of a complete
work or a subset. The latter is more likely as plagiarism
tends to be localised within a document. It is important
when using these metrics that they apply to the popula-
tion group being tested.

A simple test is a spell checker, however given the use
of word processors and their built in facilities this may
not be too reliable. One thing a word processor will not
do is reject a correct but inappropriate spelling. In this
case we may usefully use the test to measure context
errors across submissions. 

Checks for similarity are made against; a database of pri-
or work, the web in general, suspect phrases only, cur-
rent cohort work

The reporting system requirements need tailoring to the
specific needs of the institution using the system, e.g.
In the case of plagiarism, are we merely wishing to elim-
inate duplication of submissions or are we considering
a formal enquiry? We can recognise the need for some
common components; discovery of perpetrator, as-
sessment of student knowledge of the work presented,
and relevant original sources. It must be remembered
that reports are indicators and require confirmation
hence they must be couched as statistical indicators.

The system requirements in terms of; hardware, soft-
ware, submittal, receipts and commented returns
across the WWW are particularly severe. These are
compounded by the need for security, authentication,
data protection compliance and a shadowed system for
disaster recovery. These are required by the Data Pro-
tection Act in the UK. When considering the system
hardware, amongst the items we must take into ac-
count are; the numbers submitting to the system and
frequency of use, the size of the files, how long we
must retain the data and when can it be deleted from
the local system. We show data and calculations related
to our department as illustrative of local requirements
and these are extended to the university as a whole.
The system design is discussed in some detail.
(Figure 1) 

The hardware system was simple to implement requir-
ing only a high speed PC (1GHz Pentium), considerable
server based disk space (see later), a standard printer
and network access (in this case via a 10Mps link).

It is instructive to examine some of the results for stu-
dents from the search engine when searching for phras-
es and terms. The aim was to determine how accurate
and extensive these searches need be. They are actual-
ly limited by a 256 character buffer. The relevant docu-
ments are then collected by intelligent web agents to
compare against a piece of work submitted by the sus-
pect student. The overall aim is to detect the level of pla-
giarism within the student’s submission.

Tests were conducted that looked at searching key-
words and sentences taken from reports and projects
from the University of Derby (Tables 1 and 2). It should
be noted that the example data has been taken at ran-
dom.

Submitted as Key Words

1. Role Business Process Reengineering Industry (5
words)

2. Effects Customer Relationship Management soft-
ware Call Centres (7 words)

3. Genetic Algorithms Intelligent Software Agents (5
words)

4. Java Server Programming Database systems Busi-
ness Solutions (7 words)

5. Impact of Wireless Application Protocol in Mobile
Commerce (8 words)

6. Role Business Process Reengineering Industry cost
saving Office workers redundancy (10 words)

Submitted as Sentences

1. “charging for content might be a value-added ser-
vice; however it is a challenging service” students
source

2. “at the simplest level the design team may use a
series of paper sketches for the user to look at”
students source

3. “greater retention and recall of information, as
coloured material is recalled more accurately than
black and white material” direct quote

Figure 1: Key subsystems and requirements

Table 1: The Results: Key Words

No
Time 
(secs)

Results Comments

1 0.16  29,100 Returns with many articles 
surrounding Business Pro-
cess Engineering. Having 
examined 100 results, arti-
cles were occurring after 40 
results. More relevant as 
700 results were 
approached. 

2 0.13  6,360 Checked first 300 results 
and majority of them rele-
vant. (to the source docu-
ment)
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Regardless of whether the search for a piece of text
consisted of keywords or whole sentences, the results
show that the more words you enter; the less results
obtained. However having fewer results can be a good
or bad sign, some relevant documents may be excluded
whilst on the other hand the software agent has less
items to check. 

Another key finding was that when more words were
entered, the search came back with more documents in
word or pdf format than HTML pages. This is a great
benefit as it requires a less intelligent software agent.
Timings are not given when the searches had returned
no matches. The matches were for exact words,
though most of the searches did not return any thing,
the 3rd keyword search returned 2 relevant articles.
Though timings were not reported for failed searches,
the results came back very quickly. This casts doubt
that an in depth search was conducted.

3 Conclusions

We have presented, in condensed form, the rationale
and design brief for a submission and plagiarism sys-
tem. The project is still in the prototype stage although
many valuable lessons are being learnt. The size of the
database storage required for our School was consid-
ered and for a University extrapolated. It has been noted
that limitations are evident for some types of submis-
sion and these are being worked upon. Some typical re-
sults for a few simple tests have been offered. These
results highlight the difficulties associated with isolating
the most suspect phrase and how it is submitted to the
search engine, e.g. as a collection of words or as a par-
tial sentence. Future work will be concerned initially
with the robustness of the selection process.
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3 0.16 11,100 Checked first 300 results 
and majority of them rele-
vant.

4 0.20 133,000 Majority of the articles from 
the results were very rele-
vant. Some pdf docu-
ments, mainly web pages.

5 0.16 16,000 Majority of the articles from 
the results were very rele-
vant. Some pdf docu-
ments, mainly web pages.

6 0.24 161 Very relevant (to the source 
document)

Table 2: The Results: Sentences

No
Time 
Taken

No Of 
Results

Comments

1 0.06 About 1,420 Many results, very few rele-
vant to what was originally 
mentioned.

2 0.27 About 620 Fewer results but most 
documents were very rele-
vant. Pages were randomly 
checked.

3 0.13 About 54 Least results but most doc-
uments were very relevant.

Table 1: The Results: Key Words
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ABSTRACT

The cooperative project [my:PAT.org] is presented which aims to develop a modular multimedia instructional
system for the subject of process systems engineering. In this subject, the dynamic behaviour of chemical
processes is a substantial topic. As multimedia allows the visualization of the temporal behaviour it seems to
be very suitable to enhance the students’ understanding of dynamic processes and systems. The effects of
multimedia instruction on the learning processes will be evaluated. Evaluation also plays an important role
throughout all the stages of the system development process.

1 Introduction

In this paper we present the cooperative project
[my:PAT.org] which aims to develop a modular multi-
media learning environment for the subject of process
systems engineering at four German universities (TU
Cottbus, TU Hamburg-Harburg, University of Dort-
mund, TU Berlin). With regard to forward-looking didac-
tics existing teaching concepts will be reviewed and – if
necessary - redesigned. In doing so, the teaching at the
university will take into account the rapidly changing en-
vironment of plant design and plant construction.

The new modular instructional system is developed to
meet the following objectives:

• Teaching of basic knowledge of the engineer’s
working environment in process and plant technol-
ogy.

• Support of the existing curricular activities, e.g. lec-
tures, theoretical or applied tutorials;

• Improvement of the attractiveness of the study
course;

• Gender mainstreaming;
• Enhancement of team work in virtual and real

teams;

The achievement of the goals will be tested in an ac-
companying scientific evaluation.

2 Architecture

The learning environment is designed as a distributed
system that is composed of individual subsystems lo-
cated at the participating institutes. Each subsystem
runs independently from the others, but the architec-
ture should allow to integrate different modules at dif-
ferent locations and provide means for the exchange of
modules. The approach currently under investigation is
a loosely coupling of the subsystems via shared indices
which are managed in the style of peer-to-peer ex-
change architectures (see figure 1). Such, the composi-
tion of stable system wide views on site spanning con-

tent should be possible, even in dynamic user defined
environments.

3 Content

The dynamic behavior of chemical processes is a sub-
stantial topic in the subject of process and plant technol-
ogy. The system will consist of multimedia instructional
modules for the following topics, in which dynamics
play an important role:
• Methanol-Water-Distillation,
• Distillative fatty-acid /fatty-alcohol separation (C8 to

C18),
• Physical decontamination of soils.
These topics are part of the curricula of the participating
universities. For each topics, several instructional mod-
ules will be developed, such as
• Dynamic Online Simulation of a MeOH-Water-Distil-

lation Column (see figure 2),
• Process Control Strategies,
• Process Plant Design,
• Planning and Implementation of a Process-Control-

System,
• Engineering Basics.

Figure 1: Proposed Exchange Architecture
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4 Didactics

The multimedia demonstration of the temporal behavior
of dynamic systems is expected to enhance the stu-
dents’ understanding of dynamic processes.
On the one hand the multimedia modules can be pre-
sented to the students in the courses at the university,
e.g. for the visualization of dynamic processes during
the lecture. On the other hand - as part of the web
based instructional system - they can be used by the
students to study on their own or in a team together
with other students. By that way the students get an
opportunity for explorative learning.

5 Evaluation

The scientific evaluation is an important part of the
[my:PAT.org] project. A high usability as well as the in-
tegration to the existing curriculum and the customiza-
tion of the didactics are crucial for the success of the
new system (Keil-Slawik, 1999). These assumptions
correspond to the DOT model for the evaluation of vir-
tualized instructional modules (DOT=Didactics, Organi-
zation, Technology: Hofer et al., 2000). In order to
achieve an optimal design of an instructional system all
three factors of the DOT model have to be taken into ac-
count.
The objective of the evaluation is twofold:
• formative: gather information which modifications

are necessary to improve the usability and the
acceptability as well as the effectiveness of the sys-
tem;

• summative: test the effects of the developed sys-
tem on the learning processes of the students and
evaluate if the system meets the goals mentioned
above.

We consider evaluation as an integral and ongoing part
of the engineering process and not as a terminating ac-
tivity at the end of the system development. This holis-

tic understanding is in line with the state of the art of
evaluating multimedia instructional systems. Evaluation
fulfills the function of quality control during the whole in-
structional design process (Fricke, 2001).

5.1 Stages of instructional design

According to Reigeluth (1983, c.f. Fricke, 2001) instruc-
tional design goes through the following stages:
1. Instructional design
2. Instructional development
3. Instructional implementation
4. Instructional management
5. Instructional evaluation
Although only the last stage is explicitly called “evalua-
tion”, evaluation as quality control plays an important
role throughout all stages.

5.2 Current state of the project

At the moment, the [my:PAT.org] project is in the first
stage. The instructional design is based on a thorough
analysis of the current curriculum and the learning situ-
ation of the students. An empirical analysis was carried
out at the TU Berlin using qualitative methods like ques-
tionnaires, interviews and group discussions with stu-
dents and teachers. Some important results of these
studies are:
• Students and teachers share similar opinions about

the problems at the institute. While the teachers
state that the students have problems in transfer-
ring their theoretical knowledge to applied prob-
lems, the students would like to have more applied
tutorials to deepen their understanding of the lec-
ture’s lessons.

• The students worry that the development of a mul-
timedia instructional system goes along with a cut-
back of the existing traditional courses.

• Until now the students rarely use virtual coopera-
tive and communicative functions as chat, e-mail,
newsgroups or discussion forums for the purpose
of their studies. Furthermore the students doubt
the benefits of the web based communication tech-
nologies for their studies. Virtual communication is
considered to be more complicated than face-to-
face communication. Therefore a clear concept for
the use of these features in the learning environ-
ment is necessary.

As a consequence the multimedia instructional system
will provide opportunities for the students to reinforce
the lecture with concrete applied examples. The cus-
tomization of the system’s didactics to the lecture is es-
sential for the acceptance by the students. 

5.3 Outlook

The usability of the instructional system will be tested
in repeated studies with methods like key stroke proto-
cols, eye tracking and video analysis. To guide the selec-
tion of suitable media out of the variety of possibilities,
empirical studies will be conducted. These studies con-
centrate on the effect of the application of different
types of media in the instruction of a particular module

Figure 2: On line simulation
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of the curriculum. Based on a problem and task analysis
of that module the multimedia support will be designed
and implemented. The main question is whether in-
struction with multimedia – e.g. as a visualization of the
system’s dynamics or as a direct interaction of the stu-
dents with a simulation of the system – enhances the
effectiveness and the efficiency of the learning process
compared to the conventional teaching methods like
static slide presentations.

This psychological, ergonomic and didactic approach
supports the holistic development process and a valid
assessment of the success of the courses.
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ABSTRACT

Developers of learning applications via internet often are no specialists in HCI. They need specific criteria for
designing a usable user interface. The guidelines presented here are an attempt to provide such criteria with
special emphasis on applications for remote control of experiments via internet.

1 Practical Courses via Internet

“Practical courses using multimedia via internet” has
been a joint research project of several universities in
North Rhine-Westphalia sponsored by the State Minis-
try of Schools and Continuing Education, Science and
Research.

1.1 Scope of the Joint Project

Students in technical courses are enabled to do practi-
cal lessons from their PCs at home. Technical equip-
ment in laboratories of the university can be controlled
via internet in order to perform experiments with semi-
conductors, for instance. Students may use standard
web browsers for controlling their experiments. Com-
munication between the server in the lab and the client
at home is done by HTML and Java applets. As parts of
the joint project there have been several projects deal-
ing with communication between equipment and web
server, with communication between web server and
client, and with the user interface for experiments via
web.

1.2 Project “HCI Issues”

The aim of the project “HCI issues in practical lessons
via internet” has been to support the other projects. It
had to analyse the conditions of usability of this special
kind of web applications and to provide the other
projects with guidelines for designing user interfaces.

2 Learning Applications via Internet

In order to determine the requirements of user interfac-
es for practical lessons via internet we first had to anal-
yse the differences between such a kind of applications
on the one hand and office applications, usual web ap-
plications, and applications of measurement control at
the laboratory on the other hand.

2.1 Differences to Office Applications

The main difference between on-line control of experi-
ments via internet and office applications is the fact that
this is a web application, of course. Thus we have to
deal with a wide variety of browsers, operating sys-
tems and desktop settings on the client side. Students
may carry out their experiments from any web termi-
nal. Although we may exclude some devices like WAP
mobiles, for example, we must take into account the

impacts of different output devices when designing the
user interface.

2.2 Differences to other Web Applications

Whereas many web applications are used every once in
a while and for a short time only, practical lessons via in-
ternet are applications as serious and challenging as
normal office or laboratory work. Thus we have to pay
much more attention to usability than it has been done
in most web applications. Although students are not
employees we should keep to the European directive
on work with display screen equipment (EEC, 1990) as
this is unquestionably work with display units.

2.3 Differences to Control on Site

During experiments at the lab students have a close
contact to measurement equipment. As they control
experiments via internet, dialogues are influenced by
unpredictable response time in such a way that often a
user doesn’t know whether he or she is still connected
with the experiment.

3 Concept of a Design Guide

Within the development of software for practical les-
sons on the WWW we have to address the topics of
usability derived from the differences mentioned
above.

3.1 Contents and Structure

Developers of software for controlling experiments or
of other software for practical lessons which is to be
used via internet need practical guidelines for the de-
sign of user interfaces. Many requirements from stan-
dards like ISO 9241 (ISO, 1996 - 2002), from style
guides and from other sources which are valid for office
applications hold for internet learning software, too.
Nevertheless, in many cases the software developer
needs more information.
We decided to incorporate both general recommenda-
tions and special recommendations related to the use
of the WWW into a guide for the design of user inter-
faces for practical lessons via internet. This guide has
been structured according to the well-known IFIP mod-
el of user interfaces (Dzida, 1983). There are three chap-
ters (input / output interface, dialogue interface, applica-
tion interface) containing recommendations for design.
For each recommendation there are reasons or ergo-
nomic principles leading to that recommendation. In
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several cases there are examples and further informa-
tion. This structure has been adopted from the Recom-
mendations for CAD User Interfaces of the Gesell-
schaft für Informatik (GI, 1996).

3.2 Applicability

Of course, there are some recommendations dealing
with online experiments in detail, but most recommen-
dations are valid for other serious applications on the
WWW as well. Serious applications in this sense mean
applications that can be compared to normal office
work in terms of tasks and time.

The guide has been used by the other projects of the
joint project as far as possible. That means, due to dif-
fering time schedules some projects had to design their
user interfaces at a time when the recommendations
haven't been available yet. In one case there was a spe-
cial reason that the recommendations couldn't be ap-
plied. If a measurement device is used for an experi-
ment, it is reasonable to make the user interface of the
web application as similar as possible to that of the real
device, whether that is ergonomical or not.

In order to further validate our recommendations we
use them in the design of the user interface of a tool
called Project Companion for Environmental Improve of
Architectural Design. This tool will assist architects re-
garding the environmental requirements during the de-
sign process. It is planned to be a learning tool for stu-
dents and a help for practicians as well. Parts of the tool
will be available on CD-ROM, others will be used via in-
ternet. We shall examine whether our recommenda-
tions are applicable to both.

4 Some examples

The current version of the guidelines can be found at
www.drheinecke.de/proj/mcinet/index.html (in Ger-
man). Figure 1 shows a page of the guidelines concern-
ing colours. The left column contains the recommenda-
tions with examples, the right column the appropriate
reasons and principles.

4.1 Input / Output Interface

The chapter on input / output contains some standard
HCI knowledge which nevertheless may not be known
by all people who develop software for practical training
via internet. As far as possible we have added web-spe-
cific recommendations for each topic.

For example, the page dealing with colours contains
standard recommendations like “avoid little blue ob-
jects”, “don't use green and red being the only coding”,
and so on. A web-specific recommendation reads “use
the 216 defined web colours only (that means colours
with hex codes 00, 33, 66, 99, CC, and FF)”, because
these colours will appear equally on every platform
whereas other colours may be dithered and thus lead to
poor readability.

For a second example, it is well known that a viewing
angle of at least a third of a degree is required for the
height of characters. In order to fulfil this requirement
the developer has to know which font size he or she
has to use. This, in turn, depends on the browser, the
operating system, the resolution of the display, the di-
agonal of the display, and the viewing distance. So we
have provided a table naming the smallest acceptable
font size depending on these parameters. Now the de-
veloper has to decide whether to assume a least com-
mon standard of client computers, to check the set-
tings as far as browsers are able to do this, and / or to
display a warning to the user to change the settings of
the desktop.

4.2 Dialogue Interface

Regarding the dialogue interface most recommenda-
tions can already be found in the standards. In practical
lessons via internet we have to emphasize two topics
of dialogue design, namely response time and feed-
back.

Efficiency of work may deteriorate by time consuming
downloads of graphics and other media. This leads to
the recommendation to avoid unnecessary media
which is trivial of course. The developer then has to con-
sider whether some media should be used or not. The
guidelines should assist in this consideration. Therefore
we added a table of loading times for different file size
and different speed of transmission.

Especially when carrying out an online experiment the
user has to know whether he or she is still controlling
the equipment. Feedback is necessary in order to distin-
guish between ongoing time consuming calculations,
necessary time for transmission, and breakdown of
transmission, or else the user might believe to be work-
ing with an equipment without being connected to it
anymore. This is a crucial topic because most browsers
don't provide enough means to give proper feedback.

5 Conclusions

As developers of learning software often aren't special-
ists in HCI they need help in designing a user interface
for online learning via internet. The guidelines to the de-Figure 1: Recommendations on colours
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sign of user interfaces for practical lessons via internet
are an attempt to provide specific criteria to the devel-
opers. Many of them can be used in other web applica-
tions, too.
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1 Prerequisite

The importance of logistics increases within compa-
nies. Logisticians nowadays design, control and monitor
supply and production networks interlaced world-wide.
Their tasks extend into all company’s hierarchies, from
the operational level with material flow functions, such
as packaging, up to the strategic level with location plan-
ning, organisation design or logistic-controlling, forward-
ing, storing and sending. Today’s logisticians do not only
operate logistic systems, they also analyse, design and
optimise them. Therefore, in addition to pure technical
knowledge, social-, methodical- and communication
competence is demanded. In order to meet these re-
quirements, the Universities of Dortmund, Magdeburg
and Stuttgart searched for new ways and means of in-
terdisciplinary education with the objective to impart
knowledge in the fields of technique, business manage-
ment and computer science jointly. 
With the premises:
• stabilisation of all logistic partial disciplines and their

interdependencies 
• comprehensive, integrated education of new gener-

ations in logistics 
• handling of new media already in use at companies 
the project of the development of an open and expand-
able multimedia learning environment for logistics edu-
cation arose: LogEduGate.

2 Objective

Objective of this platform is not the replacement of ex-
isting programs of study, but their enrichment.
In addition to the existing programs, the student is to be
offered further possibilities to deepen his knowledge in
relevant fields of studies as well as to attend classes of
one of the other participating facilities. This gives room
to supplement the education by interlinking and inte-
grating programs offered by the universities involved.
By the use of the platform the handling of I+K technol-
ogies and new media, used in practice everyday, is al-
ready trained during the study.

3 Content

The educational foundation is formed by the existing lo-
gistics curricula, orientated at current course material il-
lustrated in figure 1. 

In addition to the integration of various departments, di-
verse institutions and the linking of knowledge, the inte-
grated approach of LogEduGate also includes the exten-
sion of social competence as well as the improvement
of communication skills of the prospective logisticians.
The integrated approach is illustrated in figure 2.

Therefore the platform’s contents are not limited to the
answer of the question „What do logisticians have to
know?“.

1. Research and development project sponsored by the Federal Ministry of Education and Research, signed within the pro-
gram „new media in education“, ID: 08 NM 151 A.

Figure 1: LogEduGate content

Figure 2: Integrated approach of LogEduGate
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The technical knowledge is the basis which is used to
teach further analytic, system-oriented as well as mod-
el-based design and operting methods of logistics. 
By the use of I+K technologies and new media, a closer
look is taken at the question „How does a logistician
get, manage and communicate his knowledge?”.
The offering of project-related seminars in teams gives
the possibility to broaden the students’ social compe-
tence.

4 Realisation

During the preparation of the course material the con-
tent is being compiled in modules. Thus it is possible to
make knowledge available to different user groups with
a varying standard of knowledge meeting the demand
of each group. Different ways to approach (e.g. content
oriented, field of study) lead to the same module, com-
pare figure 3. 

Realisation includes, besides other aspects, the illustra-
tion of the following primal demands in particular:

• Communication:
new, dialog- and social-oriented forms of communi-
cation that may be used irrespective of time and
place. 

• Project- / Teamwork:
linking of the interdisciplinary partial disciplines / var-
ious interdependencies, description of dependen-
cies and correlations

• Deepening the knowledge:
use of multimedial instruments for lectures and
exercises, mediating multidisciplinary competen-
cies of the prospective logisticians. 

• Information:
comprehensive, time- and place-independent
usable knowledgepool for further education in logis-
tics 

• Exercise: 
Integration of industrial simulation- and animation-
tools as well as audio-visual elements. Inclusion of
experts, e.g. as expert-interviews in chatrooms.

During the stage of development, the presented project
will be promoted by the BMB+F1 (August 2001 ‘til De-
cember 2003). Until mid 2002 the first module-parts will
have been developed and validated. By the end of the
project 2003, 13 chairs of the Universities of Dortmund,
Magdeburg and Stuttgart will have contributed content,
supported by the Fraunhofer Institute for Material Flow
and Logistics in Dortmund., the Fraunhofer Institute for
Computer Graphics Research in Darmstadt as well as
the German Logistics Academy in Bremen.

Figure 3: Ways to approach in LogEduGate
1.  research and development project sponsored 

by the Federal Ministry of Education and 
Research, signed within the program „new 
media in education“, ID: 08 NM 151 A.
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The newly redesigned training course for company oc-
cupational health and safety experts (practitioners) is to
be introduced across Germany this year. The new
course is based on a concept developed by the govern-
ment and the Berufsgenossenschaften (institutes for
statutory accident insurance and prevention) in consul-
tation with the groups concerned.
On the one hand, company occupational health and
safety experts are trained with an entirely new content,
based on a holistic conception of occupational health
and safety. On the other hand, the training concept has
also been redesigned.
One feature of the new training course is that it com-
bines on-site study at the training facilities of the Beruf-
sgenossenschaften with self-directed study using inter-
active, multimedia learning programs in the form of
computer-based training (CBT) software.
Computer-supported study has continued to gain in im-
portance in the field of education and training. In partic-
ular, it provides the opportunity to interconnect work
and study to each other both in terms of time and place.
The advantage of studying with computer-based, inter-
active educational software programs are:
• the ability to direct the pace of study independently;

the personal learning rate can be used,
• the chance to arrange a variable timetable to corre-

spond to company and even personal demands and
needs,

• the individual has control over his or her own
progress,

• study in flexible locations, individual choice of loca-
tion for study.

It is not only knowledge that is taught in the CBT learn-
ing units, but also action-oriented training, based on typ-
ical real-world examples as well as complex case stud-
ies. This demands a lot from the design of the study pro-
grams, and especially from the pedagogical concepts of
the CBT learning units. This in turn means that motiva-
tion to learn must receive particular emphasis. Of partic-

ular meaning for the pedagogical design are aspects
such as
• providing an overview of objectives and contents

with the learning program,
• making connections to earlier knowledge and expe-

rience,
• aiding in the self-directed nature of the learning pro-

cess,
• consolidating newly acquired material through exer-

cises.
The study environment is determined with the use of
text as well as acoustic and visual means. Virtual anima-
tion and videos are used in a series of cases of problem-
oriented practical examples.
Studying with the use of computer-based, interactive
educational programs is unusual for many participants.
Aspects that could be found to be disadvantageous in
self-study were compensated in the following ways for
the training of practitioners:
• Isolated study compensated by tutoring.
• Missing feedback compensated by feedback

embedded in CBT.
• Lack of assistance compensated by tutoring and

technical support.
• Potentially confusing program structures compen-

sated by clear and simple navigation.
The details of the learning software, such as with con-
fusing navigation, the initial help, or the selection screen
are presented and explained with pictures and other vi-
suals. Such items as the layout of various computer
screen pages of the learning software are described
and explained with regard to the software’s ergonomic
aspects.
In order to prepare the software for the internet in fu-
ture, the program was developed in a manner to make
it safe for web use by basing it on particular technology.
So a more accurate description of the program should
actually be web-based training (WBT) instead of com-
puter-based training (CBT).
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ABSTRACT

Web-based Augmented Reality (AR) offers new possibilities in many industrial domains like production and
service. For instance novice workers in unknown work processes or workers in maintenance who have to re-
pair a machine can be supported by the new AR-technology. The aim of this article is to regard AR as a part of
a new multimedia learning environment. Therefore AR will be focused on multimedia support in vocational
and work-related learning.

1 Introduction

The difference between multimedia as a part of work
and as a mean of didactics in the vocational education is
vague. Vocational work often implies a integrated non
formal learning. Augmented Reality (AR)-prototypes
with the aim to support the work persons already exist
(Luczak et al. 2000). Therefore visual information is add-
ed to the real perception of the work person (for exam-
ple via data-glasses). This supplementary information in
AR-applications is context dependent. A virtual object
e.g. a technical component is fitted to the real object in
the user’s field of view.
Furthermore AR can help workers and technicians to ac-
quire professional knowledge independent from spacio-
temporal distance from an instructor. By focusing tech-
niques the didactic potential of technological innovation
remains unused.
In the following section the discussion on multimedia
learning in the vocational education will be described
from an educational science point of view. Afterwards
web-based AR-Systems are classified as multimedia
learning-systems in the vocational education in order to
give an didactical valuation. The last chapter shows con-
sequences for the further development of web-based
AR-systems which will be explained with the aim to pro-
mote vocational learning.

2 Impacts of the web in vocational 
education

Due to the rapidly changing vocational environment it is
getting more an more important to develop decision-
making and responsibility. The use of new technologies
and procedures but also the orientation on clients de-
mand a more individualized working-power to reduce in-
security in complex situations. Therefore the ability to
connect systematical organized basic knowledge with
new knowledge should be learned in order to solve
problems. This knowledge consists of very complex
structures and is often only usable in singular cases. For
the vocational education this has the consequence that
it is getting more and more difficult to define a curricu-
lum for a certain vocational training. Consequently the
ability to initiate learning processes becomes more and
more important for the development of decision-mak-

ing and responsibility. The systematical organization of
web-based multimedia systems enables the learner to
get the information he needs for solving his vocational
problem. Therefore it is necessary that the learner can
learn self-determined, so he will be able to crosscheck
information in a web-based system for its validity.
Four ideal types of didactical concepts in multimedia
and tele-communicative learning can be distinguished.
These concepts take the perspective of the learner as
well as that of the teacher. (Euler 2001). 
Tele-teaching:
• The teacher is not present but communicates with

the learner by information and communication
media. The lectures can by supplied either asyn-
chronous or synchronous as so called “Lecture-on-
Demand” for the learner. 

• Normally the teacher predefines and prepares con-
tent and structure of the interactive lecture unit. He
establishes a virtual learning dialog. The learner
acquires his knowledge by executing this virtual lec-
ture unit.

Tele-tutoring:
• Tele-tutoring is the virtual “emergency exit” if there

is need of communication between learner and
teacher. Synchronous tele-tutoring demands the
availability of the teacher via communication media
and technical equipment like video conferencing
facilities for teachers and learners. The teacher
directly answers to questions of the learner. Both
questions to a tele-tutor and to other participants
are also possible in a newsgroup or a chat-room.
Clearly focused questions are trained with tele-
tutoring.

• Asynchronous tele-tutoring can be based on differ-
ent media (text-mail, voice-mail, video-still). A dis-
tant communication has special qualities in compar-
ison to direct face-to-face-communication. A lack of
directness e.g. in the virtual space offers the possi-
bility to escape from communication.

• The independence of the learner reduces the social
intensity and the informal communication. On the
one hand informal communication can be an advan-
tage for the process of learning. A tele-dialog can be
less frightened and more experimental and there-
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fore provoke better learning results. On the other
hand less obligation can lead to a reduction of
responsibility. But the responsibility for the own
learning process can lead again to social isolation.

Tele-cooperation:
• The outstanding characteristic of tele-cooperation is

the development and treatment of a collective prob-
lem. The problem will be solved in a spatial distance
by information and tele-communication tools (e.g.
videoconferencing and application sharing).

• Apart from high expenses for the coordination of
the used technique tele-cooperation has similar
problems like a cooperative face-to-face learning
(Fischer/Mandl 2000). Especially offering the
unshared and not only case-related oriented knowl-
edge to all participants remains an unsolved prob-
lem.

Media-supported self-learning:
• Learning resources for a special field of learning are

available on a multimedia platform. This platform
offers technical and didactical possibilities of multi-
media. This learning environment can be used indi-
vidually, in groups or in addition to lectures.

3 Possible applications for AR-systems 
in vocational education

To define the requirements for the use of AR-systems
in the vocational training in the following AR-supported
learning-teaching-arrangements are developed and
vaued concerning their didactical attributes.

3.1 AR-tele-teaching

Figure 1 represents the typical interaction of tele-teach-
ing as well as the necessary elements of an AR-system.
The learner gets his information context sensitive on his
data-glasses or other display units to execute the as-

sembly or service task on the bicycle. The displayed in-
formation is provided by an AR-computer tracking the
actual scene.

Teacher in the vocational education often call for the
combination of practical experiences with cognitive in-
sights. By realizing learning-units with AR-technology it
is possible to combine both.

Within the scope of an industrial AR-project (Arvika,
2002) typical scenarios based on the industrial practice
were developed. To give workers important information
depending on their work task AR-technology is used. In
comparison to learning-programs without AR-support
the expenditure of human labor to utilize the didactical
potential concerning an improved presentation is still
very high.

Due to its structure AR-supported tele-teaching is suit-
able for the procurement of standardized, frequently re-
curring knowledge for many users. Whereas for special
and singular cases it is not suitable as well because the
programming of the special cases would be to sumptu-
ous.

Figure 1: AR-tele-teaching

Table 1: Classification of tele-learning (cp. Euler 2001)

Type Characteristic feature Description from the perspective of 
the learner

Description from the perspective of 
instructor

Tele-teaching Lecture-on-Demand Acquirement of knowledge by 
active reception from a virtual assis-
tant performance

Mediation of defined teaching con-
tents with the possibility of query 
and demand

Tele-tutoring Supported self-learning Acquirement of knowledge with the 
support of a tele-tutor and / or by 
other learners in a virtual learning-
team

Support of the learner by offering or 
tele-dialogs on demands (technical 
helps, feedback, request among 
other things)

Tele-cooperation Problem-solving in teams Problem solving by (presence- and) 
tele-cooperation within connected 
groups

Presentation and coordination of 
cooperation processes with differ-
ent possibilities of intervention 

Media-supported 
self-learning

Self-learning Self-determined acquirement of 
knowledge; handling of conceptual 
with the help of learning media, if 
necessary with learning-teams 

Development respective selection 
of suitable learn media; organization 
of a social-communicative embed-
ding of media-supported learning 
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3.2 AR-tele-tutoring

Figure 2 illustrates the use of an AR-system in an AR-
tele-tutoring-situation.

In this scenario the learner has to solve a complex prob-
lem on the bicycle while the teacher has a video image
of the learner’s field of view. This image is displayed on
a computer screen. The teacher makes annotations
(e.g. circles and arrows) into the live video. The learner
can see these annotations in his data-glasses. Due to
the tracking the annotations stay fixed to the right posi-
tion of the work object even if the learner moves his
head.
At the same time a duplex audio connection enables the
vocal communication between learner and teacher.
The specific potentialities of AR-Systems can be used
within tele-tutoring only with synchronous communica-
tion.
In these sessions the learner can point up very complex
problems, e.g. by using deictic gestures, instead of de-
scribing them verbally. It is very important that the learn-
er is getting used to describe problems referring to the
object of learning. After the description of the problem
tutor and learner have to solve it together.
The use of tele-tutoring is especially suited for problems
which need a special knowledge for their solution. This
type of learning is to expensive for the procurement of
standardized and frequently recurring processes be-
cause of the personnel costs.
For the didactical purpose it is important that the tutor
uses his expert knowledge only to give stimulations for
the problem solving but not for representing deter-
mined solutions. 

3.3 AR-tele-cooperation

AR-Systems can also be used for tele-cooperative
teaching-learning-arrangements.
From the technical point of view this case is similar to
the AR-tele-tutoring scenario. Multiple users can take
the equipment of the teacher or of the learner.
From the didactical point of view the central feature of
tele-cooperation is the processing of a common prob-
lem. The main point in this constellation rests on the co-
operative exchange between learners with a varying
knowledge.
In comparison to other types of tele-cooperation AR of-
fers all participants the possibility to refer to one physi-

cal object supported by tracked and virtual information
even though only one participant stands in front of the
object. So visual, acoustical as well as haptic percep-
tions can be combined with cognitive insights and it
could also be possible to solve the problem of the pro-
curement of unshared knowledge because the learners
are - based on their active influence – much more moti-
vated for the whole learning process.

It becomes obvious that AR does not only support learn-
ing processes between interacting persons with a vary-
ing level of knowledge but also a cooperative exchange
e.g. between learners.

3.4 Media-supported self-learning

AR-supported teaching-learning-arrangements can be
combined on the one hand with each other and on the
other hand with further multimedia modules to support
multimedia self-learning-processes in a complex learn-
ing situation.

4 Outlook

Nowadays only within the scope of industrial use AR-
systems are developed which can be deployed in con-
cepts of tele-teaching and -tutoring.
Starting from a didactic systematic for vocational train-
ing with multimedia learning requirements for the use
of AR-Systems were developed.
AR-Systems for tele-cooperative learning (net collabora-
tion) still have to be designed. In the future they should
be developed for the design of cooperative learning pro-
cesses in the vocational training and evaluated from a
didactic point of view.
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ABSTRACT

ShelterNet is a transnational co-operation project of sheltered workshops from France, Germany and En-
gland. The organizational development strategy of the project ShelterNet includes the implementation of an
information and communication technology system. A questionnaire was developed to find out the problems
that occur when e-mails are used for communication between the project partners. The analysis of the re-
sults of the questionnaire shows that apart from technical problems, there are qualification barriers that need
to be overcome in order to ensure successful communication. Therefore, special trainings are being devel-
oped for the project team members.

1 ShelterNet – Concept, Partners & 
Goals 

ShelterNet is a transnational co-operation project of
sheltered workshops from France, Germany and En-
gland that is supported by the European Commission
within the scope of the program "Leonardo da Vinci II".

Sheltered workshops provide adequate work for people
who – because of their disabilities – cannot succeed in
the first labor market. Public support for social institu-
tions – especially sheltered workshops – is diminishing
more and more so that it is essential for them to strive
for increased efficiency and to become self-financing. In
order to survive on the European markets in the future,
this reaction seems to be inevitable.

Consequently, this situation forces the sheltered work-
shops to adapt to the new demands and become more
professional, e.g. with the help of transnational co-oper-
ations. The bundling of competencies through such co-
operations offers the sheltered workshops many oppor-
tunities to come across with the increasing require-
ments all over Europe. 

Together with the managers from the different divisions
(e.g. assembling, packaging, woodwork, etc.) of the
sheltered workshops, the IAW plans, designs, applies

and reviews the instruments and methods of organiza-
tional and personnel development that are needed to
establish transnational interfirm co-operations.

For the success of these co-operations, the exchange
of experience and know-how and the sharing of re-
sources are essential tasks. Therefore, the organization-
al development approach of the project ShelterNet in-
cludes the implementation of an appropriate informa-
tion and communication technology system.

2 Organizational Development

Organizational Development (OD) is a method of elabo-
ration on the management level of organizations, con-
sidering the active and flexible customization of the
challenging and incessantly changing environment. OD
is justified through the fact that the organization’s status
quo is often not satisfying. The OD approach provides
higher efficiency and effectiveness to the organization
while regarding the individual needs of the involved
workforce and stakeholders.

A convenient diagnostic model supporting the OD ap-
proach is the so-called “organizational triangle” which –
related to the entire organization – is capable of display-
ing all different aspects of the existing system. 

In the center of the triangle one finds the market which
is influenced by the environment (economically, social-
ly, politically) and orientated towards the needs of the
customers. The three sides of the triangle show the
structure of the organization, which determines the re-
lations (i.e. communication) between its members. The
structure and relations in an organization are both influ-
enced by the goals (e.g. vision) of that organization. Ac-
cording to the triangle, every activity in an organization
takes place within and around this triangle (cf. Figure 2).

This model was used in the Project ShelterNet in order
to identify the relevant aspects of OD and to analyze the
relations between these aspects.

Figure 1: The Partners in the Project ShelterNet
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2.1 Empirical Study

Experts on OD make use of many different methods in
order to evaluate the actual status of an organization,
e.g. analysis of existing documents (i.e. organizational
charts, job descriptions, strategic human resource di-
rectives, etc.), surveys and interviews (in order to find
out details about task specific conditions, project man-
agement rules, etc.), observations (in order to find out
the tasks that are specific for a work place, information
and communication processes, etc.). 

Each of the above mentioned methods has advantages
and disadvantages. The advantage of the questionnaire-
method is that one comes to a written result quite
quickly. In order to find out more about the information
and communication aspects of a transnational interfirm
co-operation, a questionnaire regarding the difficulties
of the use of electronic mail (e-mail) was developed.

The specific aspect of e-mail communication was cho-
sen – because it is after the telephone – the second
most used mode of communication (cf. Forrester Re-
search, 2001). In transnational co-operations e-mail is
probably the most frequently used tool, due to lower

costs and also to the fact that documents can be ex-
changed easily.

In September 2001, the members of the Project Shel-
terNet steering committee and the ones of the project
teams were provided with a questionnaire about their
problems while using e-mail (N=31). The quantitative
analysis of the survey’s results highlights the fact that
most problems are dealing with the handling of attach-
ments (i.e. attachments cannot be sent or opened). In
addition to this, the analysis shows that reading e-mails
is not so easy. Generally, people find it harder to read a
text on a screen than on paper. Actually, the sender of
an e-mail must consider that the message is displayed
on a computer screen or it will be read in a window us-
ing scrollbars. Very often this makes the text look differ-
ent than on paper and for the reader it becomes harder
to track long paragraphs visually. As a consequence, it
is important for the sender to break the message up
with some paragraphs so that the recognition of the
text is made much easier for the recipient. 

Furthermore, the requirements for communication in
transnational co-operation and in the closely related in-
tercultural communication are relatively higher as com-
pared to communication in a culturally homogenous en-
vironment. 

Due to the lack of vocal inflection, gestures and a
shared environment, e-mail is not as rich a communica-
tion method as face-to-face or even telephone conver-
sation. Consequently, the possibilities of a face-to-face
setting, i.e. making short breaks, confirming, repeating,
explaining and summarizing (cf. Beniers) are not applica-
ble to communication via e-mail. Thorough interviews
have shown that for the success of transnational co-op-
erations, intensive interaction is crucial (cf. Kühlmann,
1998).

These results and the ones of the survey that was car-
ried out in the project ShelterNet lead to the finding that
mere e-mail communication is not enough to keep up
confident communication between the members of a
transnational co-operation team. 

On the occasion of project meetings, team members
build up confidentiality between each other. In between
the project meetings, most of the communication takes
place via e-mail. But the confidence that was obtained
through the face-to-face meetings cannot be kept up
with e-mail communication. Accordingly, visual ele-
ments have to be added to mere e-mail communication.
Otherwise the success of a transnational co-operation
will be endangered due to a lack of confidence. 

It is a matter of fact that transnational co-operations de-
pend – to a large degree – on the use of modern infor-
mation and communication technologies. Therefore, it
is one of the aims of the project ShelterNet to enable
the members of the participating sheltered workshops
to develop new competencies for the use of these new
technologies and the use of communication in an inter-
cultural environment.

Figure 2: Organizational Triangle 
 (adapted from Becker & Langosch, 1995)

Figure 3: Problems while sending and receiving 
 e-mails (extract from the questionnaire)
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Modern information and communication technologies
support the communication and co-operation as well as
the learning possibilities of locally distributed members
of project teams. In order to realize the aims of the
project ShelterNet, it was necessary to put up tele-co-
operation systems in the sheltered workshops.

Considering the latest didactical and methodical find-
ings, the internet is used as a teaching and learning en-
vironment. For instance, it can be used in order to an-
swer technical questions and thus to improve the qual-
ification of the users. 

3 The Training Modules

At the beginning of the project, the co-operation specific
sensitization and participation through regular meetings
and the exchange of experiences were in the center of
attention. In order to be able to meet the possible prob-
lems of co-operation in a sufficient manner, however,
the competencies of the members of the different orga-
nizations must be enhanced by four different qualifica-
tion modules. Therefore, seminars and trainings will be
held. The design of these seminars and trainings in turn
is very closely linked to the results of the prior organiza-
tional analysis.

In the first qualification module “Transnational Co-oper-
ation Management” specific instruments and methods
of intercultural co-operation will be developed: The em-
ployees of the sheltered workshops (especially the
workshop and department managers) shall be enabled
to design intercultural co-operations in a way that rea-
sons for efficiency and effectiveness deficits (concern-
ing quality, time, costs and flexibility) can be identified
and improvement potentials can be deducted (cf. Hofst-
ede, 1993). The employees of sheltered workshops
shall learn to differentiate the results of intercultural fac-
tors from other factors.

In the qualification module “Communication“ some ba-
sic skills of communication and interaction, e.g. social

perception, understanding and reacting appropriately to
the emotional and content-related aspects of messag-
es, active listening and feedback, management of com-
munication problems (cf. Antons, 1996; Klebert et al.,
1998) shall be taught. 
The third module “Complex Problem Solving“ supports
and develops individual and team-related planning com-
petencies that are crucial for the success of interfirm co-
operations. This module contains methods that are
needed in the different phases of the problem solving
process (cf. Dörner, 1998) in order to enhance the man-
agement of complex processes and the support of the
information flow. Additionally, the participants of this
course will learn to use visualization and presentation
techniques in order to present results in an appropriate
and convincing manner (cf. Heeg, 1993). 
In the fourth qualification module “Systemic Thinking”,
methods will be developed that can be used in order to
understand interfirm co-operations as an open process
of design and learning. Due to its complexity, this pro-
cess is highly demanding for all those involved in it. In
this fourth module the perception of emotional reac-
tions in complex social systems will be trained. There-
fore, the basic elements and specific aspects of social
systems will be presented through the work with mod-
els of systems (cf. Vester, 1996). The aim of the module
is to make the co-operation team familiar with systemic
thinking and to enable its members to perceive actual
problems and situations of the co-operation in a general
context.

All four qualification modules are designed to provide
the co-operation teams with the adequate knowledge,
abilities and skills that are required in order to deal with
the spontaneously changing situations in transnational
co-operation teams. 
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ABSTRACT

The Knowledge Master program is a virtual learning environment on the topic of knowledge management. It
has been designed for the field of further education. The Knowledge Master is a cooperative education
project between the Ludwig-Maximilian-University (LMU) and Siemens Qualification and Training (SQT). 
The program is based on a constructivist philosophy of learning. Thus the central pillars of this course are co-
operative learning, self-guided learning, case-based learning. The course is created on the basis of a specially
constructed web environment which enhances cooperative learning processes. In order to continually im-
prove the course the qualification is constantly evaluated. So far five Knowledge Management courses have
been carried out. The main results from the current evaluation of the Knowledge Master will be briefly pre-
sented in this contribution. The results of the evaluation are being continuously integrated in the course con-
cept.

1 Introduction 

The Knowledge Master is a modular-based, virtual
method of further education, which is designed to pro-
vide managers, employees and students with access to
innovative styles of learning within complex subject
area of Knowledge Management. The Knowledge Mas-
ter is a cooperative education project between the Lud-
wig-Maximilian-University (LMU) and Siemens Qualifi-
cation and Training (SQT).
Content Goals. The Knowledge Master aims to pro-
mote the basic understanding of Knowledge Manage-
ment from an information technology, economic and
psychological perspective and also provide a common
basis for understanding. Furthermore it should support
the acquisition of practical competencies in dealing with
information and knowledge. Another defined goal sup-
ported by the interdisciplinary nature of the Knowledge
Master, aside from the transfer of knowledge through
Knowledge Management, is also the development of
concrete strategies and a positive approach when fac-
ing challenges such as promoting the sharing of knowl-
edge. Due to the virtual aspect of the further education
seminars, the trial and development of competencies is
further promoted through the use of electronically pro-
vided subject-specific information and also through the
work in virtual teams.
Educational Goals. From the teaching and methods
perspective, the Knowledge Master also focuses on an
independent, case-study-based and cooperative learn-
ing process within a specially constructed web environ-
ment: The seminar participants receive in total seven
detailed, authentic case studies and relatively complex
exercises relating to these which are worked on coop-
eratively by the virtual teams comprised of both profes-
sionals and students. The exercises are then worked on
methodically and in an instructionally supported man-
ner. Experts from the involved subject areas are on
hand to support and provide advice to the learners. The

participants are also continually supported by employ-
ees of the Educational Psychology department. One ex-
plicit goal of the Knowledge Master (aside from the con-
tent goals) which should be emphasized, is the set-up
and training of skills related to working and learning in a
virtual group. The methodical design of the Knowledge
Master is a mirror of Knowledge Management activi-
ties, because not only the contents, but also the learn-
ing environment itself present the true problems and
challenges that are present in the area of Knowledge
Management. 

2 Concept of Knowledge Master and 
results

The Seminar. The Knowledge Master contains 3 mod-
ules in total: one basic module, one module on Knowl-
edge Communication and one module on Knowledge
Management Tools which can be worked on in the vir-
tual groups. 

The basic module serves as an introduction and point of
orientation for Knowledge Management and provides a
thematic basis for the rest of the modules that follow.
The module Knowledge Communication deals with a
central area of Knowledge Management, namely the
transfer of information, knowledge and experience
within an organization. At the last module different
Tools on Knowledge Management are introduced.

In the beginning the learning process can be described
as case-oriented. In the end the goal of network cre-
ation forms the center of the learning processes.

After the initial kick-off event, which mainly serves to al-
low the participants to meet one another and become
familiar with the curriculum, a „face-to-face“ workshop
is held following each module. The learned material is
discussed in further detail in the presence of experts
from the three involved disciplines at so-called „knowl-
edge stands“. In addition, a methodical reflection is held
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on the learning experience and learning processes with-
in a virtual learning environment.

The transfer phases require the use of the learned in-
formation in an everyday business context. This is done
so that the participants use the information in a work
context and are ensure they utilize and further develop
their own experience with Knowledge Management. 
Each module contains 3 different case studies which
have to be solved collaboratively. All the cases are built
on a similar schema: Two exercises follow the descrip-
tion of the case, so that the small groups have the op-
portunity to split up the analysis work. The first exercise
implies an analysis of the problem area as described in
the case and then the determination of the goals. The
second exercise requires a solution to the problem,
which builds on the analysis phase. This structure pro-
vides the participants with a problem-solving heuristic,
which can also be used within other contexts. In this
way, the participants are not only able to learn about
Knowledge Management, but also learn problem-solv-
ing competencies that can be applied in practice.
The so-called Knowledge Web serves throughout the
whole further education as a virtual forum for the work
in small groups and as a contact medium to the super-
visors and moderators: The individual small groups all
have a closed e-mail based discussion forum available
to them in order to work on the case studies. There is
also a plenum accessible to all participants for the ex-
change of information between the small groups, which
is also used to present the solutions. In order to ade-
quately support the learners, there are FAQs, which are
constantly updated and help buttons, e-mail, and tele-
phone contacts are provided. The participants are also
supported in an instructional manner by being provided
with clear deadlines for the completion of the individual
tasks and are presented with expert solutions after the
deadline has passed. The necessary supporting texts
needed for the analysis of the case are also accessible
in the form of meaningful summaries within the Knowl-
edge Web. Introductory texts on each element are also
provided. 
The following discussion forums can be distinguished:
• Forum „Moderation“ (administrators only)
• Forum „FAQ“

• Private forums for each small group + private
opportunity to chat

• Forum „Discussion (Plenum)“ + common opportu-
nity to chat

• Forum „Black Board“
• For every case exercise there also exists a forum in

the Web Board
The Knowledge Master Community. Towards the
end of the qualification, the participants also have the
possibility to become a member of a virtual „Knowl-
edge Management“ community, in order to exchange
ideas outside of the context of the course and to stay in
contact with the other Knowledge Master graduates. In
this function, the community provides on a discussion
platform, serves as an information repository for the
personal experiences of the individual members and
also serves as a repository for the competencies of the
participants. The responsibility for the learning process,
the decision-making, goal definition, etc. is distributed
amongst the team members. The reciprocal support in
the learning process is at the forefront of the communi-
ty. The community, which was created within the
framework of the Knowledge Master, is named WiN
(Knowledge Community on the Net), a name that was
invented by the trainers. The participants were provided
with a technical platform and the trainers gave the initial
instructions on creating the community. Next a so-
called „core team“ was formed, which was intended to
provide the community with a specific and well-defined
direction. The core team developed a so-called „Com-
munity Manifesto“ which described the code of con-
duct, goals of the community and the individual roles
within the community. The manifesto is intended to be
continually adapted as a community develops further or
as new members are integrated into the community. 
Evaluation. In order to continually improve the course
and to get a sense of the needs of the participants, the
qualification is constantly evaluated. So far five Knowl-
edge Management courses have been carried out. The
acceptance of the measures, the success of the learn-
ing and the learning results are collected through ques-
tionnaires and feedback sessions during the „face-to-
face“ days as well as through continual observation of
the virtual communication and cooperation. Overall the
course evaluation was quite positive.

3 Conclusion

The main results from the current evaluation of the
Knowledge Master will be briefly presented here. Posi-
tive response was received with respect to the course
structure. The participants valued the high flexibility
with regard to place, time and interest in specific topics
that the e-learning offering provided. The participants
also enjoyed the opportunity to become familiar with
and test out the concept of virtual teamwork. In this re-
spect, the participants especially valued the opportunity
to gain multiple perspectives through working in a
team. One the one hand, problems with regards to the
virtual group work were related to the increased ano-

Figure 1: The design of Knowledge Master
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nymity that is associated with a virtual group which al-
lowed some „freeloaders“ the opportunity to hide be-
hind the anonymity. On the other hand, the somewhat
cumbersome nature of achieving consensus in a virtual
team and the longer duration of the team-forming pro-
cess through the web caused problems for some of the
groups. On the whole, the participants thought the
course was well structured. The participants merely felt
that the module of Knowledge Management tools
should be integrated into an earlier course timeframe,
due to the fact that they would have liked to have had
more time to utilize the tools. With respect to the trans-
fer phases, some participants expressed the desire for
more concrete information and more intensive support
in reflecting on what was learned. 

Summary of the main results:

• Positive response to the course structure (high flex-
ibility with regard to place, time and interest in spe-
cific topics)

• Opportunity to become familiar with and test out
the concept of virtual teamwork

• Opportunity to gain multiple perspectives through
working in a team

• Longer duration of the team-forming process
through the web caused problems for some of the
groups

• Tools should be integrated into an earlier course
timeframe

• Desire for more concrete information and more
intensive support in reflecting on what was learned

The attempt will be made to integrate the feedback that
was received through the course evaluations into the
course concept. Some examples of continuous im-
provement processes with respect to teaching will be
presented briefly in the following.

Learning self-directed learning. The competency of
self-directed, independent learning is a central pre-req-
uisite to being able to effectively learn through e-learn-
ing offerings. The results from the Knowledge Master
courses of the last few years show that the participants
require a higher level of support and guidance especially
during the virtual phases. For this reason, a phase of

more intensive instruction is planned for the next
course, especially at the beginning. For example, mod-
erated discussions on the web related to especially rel-
evant topics of Knowledge Management will be added.
Furthermore, the small groups will be more strongly
supported through specified group rules and will be en-
couraged to develop sanctions (e.g. for „freeloaders“)
independently as a group. In addition, participants will
be prepared for the self-directed learning from the first
workshop on. During this time, they will receive some
tips and suggestions for self-directed and cooperative
learning. Towards the end of the course, the supporting
components will gradually be reduced, so that the par-
ticipants have the opportunity to independently use and
test out their new self-directed learning competencies.

Chances in the course structure. The experiences
gained over the last few years have shown that the con-
tents of the last module of Knowledge Management
tools, in which the participants gain experiences with in-
struments and tools for Knowledge Management, is
planned for a somewhat unsuitable timeframe. Accord-
ing to the participants’ view, the introduction of the
tools towards the end of the course is too late. The par-
ticipants then only have a limited time in which to prac-
tice applying their newly acquired knowledge about
Knowledge Management tools and integrating them
into the tasks at hand. This feedback has therefore led
to a restructuring of the course. The Knowledge Man-
agement tools are now periodically introduced to the
participants throughout the whole course, so that the
participants have the opportunity to directly apply and
utilize what they have learned while working on the
case studies. 
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ABSTRACT

The e-Learning hype cools down, the limits of Web based training become obvious. But while corporate edu-
cation departments readjust their development plans to lower shares of computer assisted means, we advo-
cate to exploit ‘unknown terrain’: alternative classes of learning systems, more powerful technology, and bet-
ter interweaving of learning and everyday life. Together, such efforts lead to a comprehensive strategy coined
as ubiquitous learning.

1 Motivation and Overview

Timely corporate education and just-in-time learning
have become a center of focus in many enterprises.
Corporate Universities and knowledge networks are be-
ing established. However, of the many promising ap-
proaches that were ‘proven successful’ in academia,
only the simplest sustained in the business world
where fast, measurable results count. Moreover, the e-
Learning hype set expectations too high: its pillar ‘Web-
Based Training (WBT)’ was conceived as not-much-
more than the well known Computer-Based Training
(CBT) which in turn was found thirty years ago to be no
silver bullet. The new catchword blended learning is
nothing but a polite term for much lowered expecta-
tions: corporate education departments realize that e-
Learning won’t do it all. We advocate a more diversified
– and admittedly more costly and timely – approach.
Three major recommendations are given as a path to-
wards sustainable, ubiquitous learning (or u-learning, for
short): i) exploit the possible diversity and sophistication
of learning systems; ii) leverage off the upcoming en-
ablers, in particular XML based technology; iii) exploit
the increasing ubiquity of the Internet for tighter integra-
tion of corporate learning with everyday and business
life. 
The remainder of this paper is structured according to
the three ‘top-level’ recommendations above. The main
chapters address classes of learning systems (2), XML
related technology (3), and u-learning (4). For the sake of
the very restricted space, each chapter has to simplify
and mix state of the art analysis, comparative evalua-
tion, and recommendations.

2 Learning system classes

The wealth of terms found in the literature was distilled
by the author into a concise categorization of learning
systems (LS), simplified here for brevity.
A. Descriptive Learning Systems: this class denotes
courseware that describes a subject matter mainly via
text/graphics or multimedia. Tutorial LS represent the
class which current WBT tools emphasize. They sup-
port the simple cycle of presenting information (facts,
examples, methods ...), conducting a test, and deciding
about the subsequent presentation and test. Most deci-

sion-making is not pedagogically sophisticated, and the
sequencing is pre-authored i.e. only slightly adaptable to
the learner status. Drill&Practice LS feature more so-
phisticated, computer generated tests as assignments
– in the simplest variant compiled from pre-authored
building blocks – and simpler presentations (hence drill).
For centuries, books or lecture notes were the pillars of
descriptive teaching. No wonder did the CBT world con-
sider CD-ROMs as ‘multimedia books’ and hence stick
to descriptive LS. This and the CBT legacy lead to the
dominance of descriptive LS in the WBT world. More-
over, (the expensive) WBTs are still less costly than LSs
of other types and the development process is better
understood and yields more dependable results. WBTs
differ hardly from CBTs: the Web is used for distribu-
tion, learner management, and content management,
but hardly for improved learning as such – except for the
use of standard technology like eMail, chat and news,
which is technically decoupled from the WBT environ-
ment.

B. Model-based learning systems: this category rep-
resents decades of advancements in research. Intelli-
gent Tutoring Systems (ITS) incorporate some degree
of AI approach, in particular a model of the learners’
evolving knowledge structures (including misconcep-
tions). Using the model, a learner’s state-of-mind can be
inferred from her behavior. In addition or as an alterna-
tive, the domain knowledge may be modeled as a rule
based system (although this aspect is more characteris-
tic for the next LS type discussed). As with AI in gener-
al, the reputation of ITS suffered from unfulfilled over-
expectations. Simulative Approaches map an excerpt of
the (existing / possible / past / planned) real world into
software. The art of simulation is to build a model which
concentrates on the aspects to be investigated (in the
‘cut-out’ of the world) and which abstracts from the rest
as much as possible without yielding wrong conclu-
sions from simulation experiments. Four derivatives
must be mentioned: i) Management simulations and
role-play put the learner in a certain role and have him
explore the world to be learned about; ii) fun learning
games separate the ‘game goals’ from the ‘learning
goals’ and let the learner concentrate on the game goals
(e.g., find a hidden treasure) – the learning goals and
steps are rather disguised; iii) behavioral and application
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simulations provide a ‘safe playground’ were the real
environment is costly or unavailable (or dangerous); the
former concentrate on particular situations to be trained
and on improved performance wrt. ‘correct choice’,
‘fast reaction’, etc., while the latter prepare for the ap-
plication of a certain technique, machinery, tool, or soft-
ware; iv) microworlds emphsize depth, not breadth of
the simulation model: abstraction aims at a (precisely
modeled) minimal sub-set of the world rather than at re-
moving unimportant details from it; mainly appropriate
for well-formalized models such as Newton physics,
they blend well with learner-models. Programming ap-
proaches leave both the execution and the construction
of a dynamic system up to the learner and fall into three
classes: i) programming environments (for learning) em-
phasize simple, intuitive, often visual programming par-
adigms and error correction / guidance; customized for
specific classes of programs, they are suited for subject
matters related to maths, logic, and/or programming; ii)
problem solving systems are even more restrictive/
guided and offer building blocks to be chosen and ar-
ranged; iii) advice-giving/help systems, in their simplest
form, consist of (hierarchies of) ‘frequently asked ques-
tions’ (in the broadest sense) /answers; more sophisti-
cated forms feature learner models; if attached to soft-
ware (e.g., desk-top publishing tools), these models can
be actualized as users interact with the software (not
the LS!); otherwise, the LS may pose a questionnaire in
order to tune the model to the user.

Summary. Model based LS feature elaborate subject
models (about the domain taught), learner models, and/
or models about the motivational aspect; they represent
software as opposed to descriptive LS which rather rep-
resent documents. Today, reusability is very low and
development costs are very high; since the measurable
results vary considerably, industry has largely avoided
this huge class of LS.

C. Tools-Based learning systems: these are used for
coping with teaching/learning activities and with the
(subject related) digital artifacts created thereby. Today,
most tools are not specifically designed for learning pur-
poses. Cognitive tools provide for the acquisition, orga-
nization, and sharing of knowledge; examples comprise
frameworks for human-readable representation of cog-
nitive processes (e.g., rhetoric and argumentation spac-
es), mind-mapping tools, etc. Groupware denotes as-
pects such as group discussion and group decision
tools, augmenting the above-mentioned subclass with
group support. Work organization tools include time/
project management software and literature databases.

3 The Web in the ‘XML Era’

The XML-enabled Web has a decisive role in the im-
provement of corporate education. We will examine
this role, distinguishing three aspects: those already
supported in the ‘HTML era’ but about to be improved
with XML (the present Web), those about to improve
due to XML (the emerging Web), and those potentially
improved if XML related technology can be furthered
(the potential Web). For the wealth of XML related
technology considered here, cf. the documents found
in http://www.w3c.org.

The Present Web is i) a hypertext and ii) a global open
system. As a hypertext system, the ‘HTML’ era was too
much marked by a document-centric view, such that
HTML pages are hardly ‘atomic information units’ as in
a true hypertext. XML facilitates, e.g., a type system for
nodes and links that may improve this. Moreover, many
artifacts of LS development (e.g., learning goals, model
elements) may also be conceived as hypertext ele-
ments, yielding better lifecycle support and re-use. The
global open system aspect was not truly exploited in
the move from CBT to WBT. To this end, the potentials
of XML sketched below may altogether yield Web-aug-
mented LS. 

The emerging Web i) blends documents and software;
ii) catalyses convergence; iii) blends hyper- and multi-
media; and iii) supports semantics. As to blending doc-
uments and software, improvements come, e.g., from
XMLprotocol and the advanced features of Xlink and
Xpointer (e.g., computed links), together with the
trends towards using XML derivates as data represen-
tations. As a catalyst of convergence, XML boosts com-
puter-aided communications and the Web as a mass
medium (in particular for professional communications),
both integrated with a global information technology in-
frastructure. These developments are essential for
modular, integrated, all-XML LS. XML also blends hy-
per- and multimedia with the SMIL standard, overcom-
ing proprietary solutions that were a separate world al-

Table 1: Classes of Learning Systems

LS Class Subclass Strengths Weaknesses

descriptive LS
tutorial LS WBT:success no exploration /

model /coop.drill&pract. exercises

m
od

el
-b

as
ed

 L
S

ITS
learner model
subject model

high effort,
low re-use

si
m

ul
at

io
n

role-play model,interact.
Web technol-
ogy not used, no 
standards,
low re-use

game motivational

B/A simul. low-risk trial

microworld accuracy, AI

P
ro

gr
am

programming 
environment

creativity +
freedom as above, no

cooperation
/openness

problem solving 
system

creativity +
models

help system JiT, (model?)

tools based
LS

cognitive tool concept. knowl.
no ‘hooks’ for 
guidance, no 
learner model

groupware cooperative

work organiza-
tion tool

self organized
learning
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though accessible via URLs and Web browser plug-ins.
The support for semantics is the most recognized XML
related effort in the learning world. LOM and SCORM
(cf. http://ltse.ieee.org) ‘standardize’ meta data models
and ontologies for learning related data/objects as im-
portant steps towards reusable learning components.
The road ahead is rough though: while even the data
centric issues are not yet commonly agreed and stable,
the tougher issues of metadata for subject matter do-
mains, cf. Klein et al. (2000) , for relations between ob-
jects, and for learning related software components and
models are hardly tackled yet.

The future Web must in particular be augmented to-
wards i) reusable hypertext types and ii) situated tools.
Reusable hypertext types denote models for the con-
struction of well-structured hypertexts and for the reuse
of ‘navigation engines’. The latter term relates to the
software part of an LS and anticipates that future LS use
XML based hypertexts as data models, ‘on top of
which’ such navigation engines operate. Combined
with a standardization effort (cf. the ‘rough road ahead’
mentioned), this could yield a break-trough in the com-
mercial viability of model-based LS. As an approach to
this end, fig. 1 shows an example of a so-called Web-
Style taken from a project headed by the author, cf.
Hauber et al. (1998). For a simple example (bibliogra-
phies), a reusable hypertext construction module is
shown which describes a family of hypertext compo-
nents (interrelated nodes and links). For ‘repetitive’ ge-
neric nodes and links, the number of instances remains
open (determined by an actual bibliography built) while
‘mandatoy’ and ‘optional’ ones are required and can be
left out, respectively. Fig. 1 shows a hypertext under
construction with some instantiated (white) and generic
nodes/links (grey). 

The same project also emphasizes reusable engines
whose operation is defined in relation to WebStyles, so
that they can be combined with any style-compliant hy-
pertext. XML technology is crucial here since it offers,
e.g., customized node and link types, bi-directional links,

separation of links and anchors (Xlink, Xpointer) and
RDF for the definition of elementary node-link schema-
ta. Situated tools will be needed if the (crucial!) class of
tools based LS is to play a significant role. As discussed,
Web tools today are largely decoupled from WBT and
their major advantage (learner freedom) is also a major
weakness. Highly adaptable, context-aware Web tools,
shrink-wrapped into components, can be situated in
several respects: they can be customized for a specific
domain (even a specific assignment / task) and corre-
sponding meta data; they can be augmented with hu-
man- or machine-guidance and cooperation; they can be
monitored for learner assessment and tutoring.

4 Ubiquitous Learning

As stated earlier, u-learning has three prerequisites: an
optimal mix of LS classes, advancements in (XML relat-
ed) technology, and exploitation of the ubiquitous Inter-
net. Accordingly, we will further the former chapters,
discussing how LS classes may be chosen from a ped-
agogic perspective and referring to the required techno-
logical advancements; as to the third prerequisite, we
will discuss two u-learning scenarios.

Mixing LS classes: for the sake of space, a simple ‘rec-
ipe’ is given here, concentrating on the six pedagogic/di-
dactic aspects summarized in table 2. For further read-
ing, cf. Jonassen (1996), Reeves (1999), and Burge
(2000). Knowledge types can be distinguished on their
top-most level into facts (‘what’) and skills (‘how’, based
on ‘what’). Obviously, descriptive LS like WBTs empha-
size the former, while model based LS may be used to
develop skills. Tools based LS are particularly suited for
soft skills (e.g., social competence) and highly demand-
ed Internet-related skills like ‘knowledge working’; note
that such skills can and should be developed as a ‘side
effect’ of applying tools-based LS in any subject matter.
Since quite a while, pedagogic philosophies have shift-
ed in focus from instructivism to constructivism. The
learner is not considered an ‘empty page’ but an individ-
ual who continuously constructs unique blends of prior
and new knowledge. This raises the need for adaptivity,
choices, and task orientation; simple test based assess-
ment as in WBT seems inappropriate. Tools based LS
may in this respect help exploit the unlimited choices of-
fered on the Web, and may leverage off the emerging
Web as a catalyst of convergence, so that humans can
guide and assess learners where even model based LS
reach limits. Learning theories experienced a focus shift
even before the pedagogic philosophies: from behavior-
ism to cognitivism. The latter uses models of the learn-
er’s mental state and appropriate strategies (induction,
deduction, drill&practice, etc.) for any given learning sit-
uation. Model based LS with a focus on the learner
model are the obvious choice here. Their ‘best’ repre-
sentative ITS has considerable weaknesses (cf. chapter
2), but the emerging and future Web (cf. chapter 3) rais-
es hopes: ITS were already successfully built as naviga-
tion engines for hypertexts. As to teacher roles, the
ever accelerating innovation rates of modern society

Figure 1: Partly expanded hypertext-WebStyle
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render omnipotent ‘sages’ impossible; in many subject
matters, teachers must become ‘guides on the side’,
helping learners to acquire most up to date knowledge.
This fits ideally with the first aspect treated above if the
‘guide’ assists learners in applying tools based LSs. The
technological improvements requested become even
more crucial though. Motivation has often been consid-
ered as an issue prior to or apart from an LS (‘extrinsical-
ly’, e.g., via employee incentives). Lately intrinsic moti-
vation has come into focus, may it be individual (cf. fun
learning game) or interindividual (cf. cooperative or com-
petitive group assignments or tasks). Obviously, group
fun learning games may be considered the ultimate LS
from this perspective. As to the ubiquitous Internet,
group games are popular there and have just started to
emerge for mobile phones, indicating a high potential
for u-learning. The advancements requested for XML
are highly needed in this respect. Finally, pedagogy dis-
cerns academic and authentic training grounds. ‘Aca-
demic’ means that exercises are created on purpose
(cf. fill-in texts), ‘authentic’ means that methods and
procedures may be practiced in reality (at best, in a form
of apprenticeship). Model based LS with a focus on sub-
ject models (simulations in particular) attempt to bridge
the gap; the advancements requested in chapter 2 can
considerable help, e.g., to make modular simulations
available and reusable on the Web. As business hap-
pens increasingly on the Web, authentic training via
tools based LS comes into reach. 

U-Learning scenarios: we can only briefly mention two
scenarios here, i) seamless learning and ii) job related
learning on the move. Both were exploited and support-
ed in our R&D efforts and proven important and suc-
cessful. Seamless learning builds on the 20 centuries of
successful classroom teaching. It aims at augmenting
classrooms/ lecture halls to ‘digital’ venues and starting

points for all kinds of (synchronous, asynchronous, lo-
cal, and remote) learning styles, providing adequate LSs
and support for mobile learners with a variety of mobile
devices (Smartphones, PDAs, WebPanels, Note-
books), cf. Mühlhäuser & Trompler (2002). In drastic
contrast to common ‘virutal university’ projects, this ap-
proach links highly dependable learning styles with in-
novative ones and with ubiquitous availability. For de-
tails (). Job related learning on the move was more re-
cently approached. In the scenario, managers and em-
ployees in different roles and under heavy task load
most accomplish a learning prone, job related task;
ubiquitous access and learning on the move come in
here not as a desirable feature but as a necessity. Our
research at this stage clearly indicates i) a necessary fo-
cus on tools based LS and ii) strong support of the re-
quirement for situated tools as brought up in chapter 3. 

5 Summary

We made a quest for u-Learning and emphasized three
key ingredients: i) appropriate mixes of LS types, with a
shift from descriptive to (modular, reusable) model
based LS and (situated) tools based LS; ii) exploitation
and advancements of XML related technology as a pre-
requisite for commercial viability; iii) exploitation of the
upcoming ubiquitous Internet and support for appropri-
ate u-learning scenarios. 
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Table 2: Strengths of non descriptive LS classes (T:
tools based, M: model based; focus: subject/ learner/
motivational model: MS/ ML/ MM)

pedag./did. aspect requirement LS

knowledge type facts → skills T

pedag. philosophy instructivism → constructiv. T

learning theory behaviorism → cognitivism ML

teacher role sage → guide T

motivation ex- → intrinsic (interpers.) MM

training ground academic → authentic MS,T
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ABSTRACT

School as a social system is a media-based construction of reality. Using multimedia and the web within
school education means changing the structures of communication and of learning processes within class-
room. For learning as an active and constructive process the web offers learning possibilities not known be-
fore. Media-based instruction therefore has to be shaped as an open, varying and stimulating learning envi-
ronment. But a successful use of the internet will never work without transforming the structures of class-
room (the structures of content, grouping and time) and the organisational patterns of the whole school. Thus
web-based school education leads up to school development with high requirements on teachers.

1 Introduction

School as a social system is a media-based construction
of reality. School education is therefore principally
based on communication processes with media. 
Language has been, until now, the most important me-
dium within school education, but today communica-
tion is being more and more influenced by mass media
and information technology, especially the interne
Because of the open access to mass media and the
web for all young people before and outside school,
school has lost its monopoly of information. Every-
where and at any time students can deal with all topics
of human culture, with experiences of any kind, ideas
and values and, at the same time, they are confronted
with, and influenced by all the questions, problems and
dangers of modern society.

School education has to pay regard to these conditions.
On the other hand the most exciting question is how
the use of multimedia and the web can improve learn-
ing processes within school.

2 A systemic approach

From a systemic point of view I regard school and class-
room instruction as social systems based on communi-
cation and teachers and students as personal systems
based on psychic processes. My main thesis: Using
multimedia and the web within school education means
changing all the relations between these systems and
changing the structures of communication and of the
psychic processes.
The following graph may help to become aware of the
complexity of all these relationships. 

Figure 1: Impacts of the web on education
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Coping with the challenge of the web for school educa-
tion implies
• a redefinition of the aims and tasks of school educa-

tion,
• a modification of the structure of learning pro-

cesses,
• a transformation of the communication structure in

the classroom,
• a reorganisation of the structure of school.
With respect to the relationship between school and so-
ciety, the following applies: Due to the expansion of the
internet, all areas of society have changed. Because of
this, the traditional concept of school education has lost
its basis. Passing on selected and proved bits of knowl-
edge is no longer sufficient . The question is how young
people can be prepared for the requirements of an
open, non-predictable future. Rather than on the trans-
mission of out-of-the-box knowledge, today, the focus
is on
• constructing flexible structures of knowledge;
• acquiring operative and procedural knowledge;
• acquiring key qualifications and competence, for

example media literacy or capability evaluating and
selecting information;

• the learning of learning, for example learning meth-
ods or the development of meta-cognitions to regu-
late and control one’s own learning processes. 

Today, more than ever before, the development and im-
provement of the ability of abstract conceptual thinking,
speech, reading and media literacy must be a funda-
mental aim of school education.
This aspect leads up to the relationship between the
students' mental structures and, within the classroom,
the communication structures on which the presenta-
tion and transmission of learning subjects are based.

3 The impact of the web on learning 
processes

Learning, from a systemic point of view, is an active and
constructive process. From their interaction with the
environment, students abstract certain patterns of
thought, action, feeling and evaluation on which they
build their cognitive structures. These structures are the
students' learning instruments. During the school peri-
od they get more and more differentiated, co-ordinated
and integrated into more complex structures, thus be-
coming more flexible for coping with the requirements
of the environment.
Learning processes as transformations of cognitive
structures and based on the development of learning in-
struments cannot be regulated from outside through
the teacher but must be stimulated. Classroom instruc-
tion is a process of co-construction of common mean-
ings and knowledge on the basis of communication pro-
cesses.
As a consequence, instruction within the social system
of a classroom has to be shaped as an open, varying,
stimulating learning environment. In such an environ-

ment, every student may find opportunities to develop
his or her own learning instruments in a self-regulated
way. For these self-regulated learning processes web-
based school education offers possibilities not known
before:

• using the internet, communication structures
become richer, more complex and more multiform;

• the fact that all conceivable realities can be freely
used allows new learning subjects;

• the form of content presentation in the web and the
computer-based means of modification and assimi-
lation of information offer new ways of learning,
expressing one’s ideas and making experiences.

The traditional factors of control like curricula, time ta-
ble, administration orders must not be given up, but
should be balanced with these self-regulated, autono-
mous learning processes.

To enhance the opportunities and effects of internet-
based instruction it is necessary that teachers find new
methods to create stimulating learning environments.
On the other hand they must pay attention to guaran-
teeing a common basis of knowledge, competence, val-
ues and convictions as foundations of social coherence
and social integration.

4 Implementation of changing 
organisational structures within 
school

Despite a really good equipment of schools, the com-
puter and web-based school education has not seemed
to be very successful so far. The reason is that teachers
and school administrators have tried to integrate infor-
mation technologies into the existing structures of
schools. They are the result of traditional problem solv-
ing procedures. These routines may give security to
teachers and students to cope with their every day
work, but they support ossified structures of instruc-
tion, communication and thinking and narrow self-regu-
lated learning. Therefore a successful use of the inter-
net will never work without transforming of the struc-
tures of the social systems of classroom and school.

4.1 Classroom instruction: Transformation of 

structures through media-based 

communication

Changing organisational structures within a classroom
requires focussing on three areas:

1) Structures of contents:
•the self-organisation of the learning processes within

varying social groups,
• the utilisation of a wide range of media-based infor-

mation,
• using multimedia and the web to practise specific

working techniques for self-organised learning,
• using the media as a tool for writing, expressing,

documenting and arranging subject information,
• the critical reflection of learning methods,
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• presenting and discussing, thus testing, reinforcing
and ascertaining learning results and

• portfolios instead of a strong evaluation system.

2)  Social structures:

Multimedia and the web can unfold their effects and
learning possibilities only when further conditions are
met: 

• smaller classes
• flexible social grouping adequate to the require-

ments of the media used 
• optional working groups outside of classroom les-

sons

encouraging all students to take an active part in the
communication processes.

This will lead to a changing role of the teacher and
changing relationships between teacher and students.
The teacher as coach and counsellor.

3) Time-structures:

Working with multimedia and the web requires more
time and flexible time structures: lessons lasting not
only 45 minutes; day-schools, so that cross-curriculum
projects can be realised over a period of days or weeks.

This must lead to a new organisation of the whole
school as a social system.

4.2 Structures of school: new organisational 

patterns

However, such a reorganisation of instruction can only
be realised if adequate conditions are introduced on a
higher level within the school system. The routine struc-

tures of school education have to be broken up. New or-
ganisational patterns must be developed concerning
• the relationship between head of school and staff,
• the subject-related cooperation among teachers,
• cooperation among teachers and social workers in

the afternoon
• the methods of in-service training,
• the multimedia workplace for every teacher,
• the equipment and organisation of media within the

school,
• the relationship between school and the public, 
• the cooperation with partners from outside school.
Web-based school education leads to school develop-
ment with high requirements on teachers. Therefore
they need to be supported and appreciated by the pub-
lic, politicians, economists and by the mass media.
The leading principes for this school development
should be
• variation
• selection
• stabilisation.
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