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Abstract

New media in education is a key word, which is used by schools, universities, and by the Fed-
eral Ministry for Research as a way for a more effective procurement of knowledge. These
new technologies and the change to an information and communication community constantly
change education contents in the area of product development as well as the requirements to
knowledge transfer by the lecturers. That again enables a change of classical training to dy-
namic training networks, which are carried by a holistic approach and an appropriate knowl-
edge management [1]. Because of these considerations the project Pro-Teach-Net was formed.
This project realises a cross-university training network platform for the education in product
development and design. The main objective is the improvement of the quality of teaching.
The project is a co-operation between five universities in Germany, all of which having dif-
ferent focuses. The different orientations and focal points of the individual institutes were
bundled to a network and cover the entire spectrum of the education in product development
and design.

The contents of the courses are derived from structures and contents of the lectures of the in-
dividual universities. The individual modules cover all education topics from design theory to
special issues of CAx techniques. This paper describes procedures, strategies, and results,
which were developed during the implementation of the platform.
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1. Multimedia in education

Computers and Internet are spreading further and thereby lead to a rapidly developing market
for multimedia software systems. These are employed successfully in many areas of educa-
tion and professional training. One goal of such systems is the improvement and the increase
of the effectiveness of study and self-study and the supply of a platform for the mutual infor-
mation exchange for the students. The systems offer new possibilities for the representation of
images, animations, videos, and naturally texts. The application of these systems is not lim-
ited to the area of universities. Moreover, it is used in all school types, in professional as well
as in off-the-job training. Multimedia systems offer a huge amount of technical possibilities to
present learning content to the students in a new way.

The application of multimedia in the area of product development raises a number of ques-
tions, because areas like design theory, design methodology, mechanical components, draft-
ing, CAXx, and virtual product development are a very wide spectrum of knowledge to be ob-
tained. Above all, the understanding of the connections between the different disciplines as
well as the methods employed, represent a substantial educational aim.



2. Concepts of a multimedia based learning environment

The creation of a training network for product development should include as many areas of a
specific subject as possible. Since education contents are not rigid and will change in even
shorter periods, the learning environment must be easily adaptable to such changes [1]. So-
called training modules allow a fast access to individual areas, whose content can be recom-
bined or exchanged. Thereby it is guaranteed that the learning platform can be maintained and
updated with low effort even beyond the end of the running project.

Learning in the area of product development is always an action-oriented process [1], which
is supported by design, computation, and computer exercises. That fact is not changed by the
application of an Internet-based platform. Rather the way of teaching can be changed funda-
mentally by this medium. In the conventional education at German universities the content is
presented orally in front of the students. The students are expected to take notes and fill up
their knowledge gaps. Time for discussions or questions is only available in a limited scope,
e.g. if only few students attend a lecture. In many other countries, students have to prepare for
a topic, which is discussed and deepened during the lecture.

These very lectures and exercises will be supported by a suitable platform for self-studies.
The students can prepare themselves for specific topics. The lectures will change to a discus-
sion forum where special problems and examples are disputed and discussed with the lecturer
based on the acquired basics. In addition, students can co-operate across their universities, ex-
change information, and attend the best lectures.

Indu strial User
10, Indu stnal Expert

du strial User
IU” Industrial Expert

IE,
Design Knowledge =
 Design methodology

* CAx
« EDM/PDM
——> Knowledge
creation

Web-based user management — .
E-learning environment
Knowledge acquisition —&
WWW search engine -
Knowledge processing Preparation

Representation

~

Figure 1. Concept of a multimedia based learning environment

The concept for the design as well as the use of an Internet-based platform is shown in figure
1. The knowledge base is filled by experts from universities and industry and is used by stu-
dents as well as industrial users. For the lecturer it is important that the contents can be cre-
ated easily and integrated into the platform as simply as possible. With a suitable platform, he
also has access to other education materials, which he would like to use in his own course. In
addition appropriate strategies and proceedings were developed, which enable the access to
the material of each lecturer. Thus not only the knowledge of the experts of the individual in-
stitutions can be represented but also the knowledge of specialists from industry.



3. Contents of the multimedia based learning environment

The contents are essentially oriented at contents of the syllabi in product development and de-
sign. The basics are communicated within the modules A through E. In the modules F through
H, special topics of the graduate studies are treated. Because of the different focuses of the in-
volved universities a high quality of contents can be guaranteed. Not involved in the project
are non mechanical topics like mechatronics or business studies. But additional courses can be
created in the same way like the described modules.

3.1. Training modules for the undergraduate studies

The training modules A through D teach all engineering basics. Figure 2 shows the structure
of the training modules for the undergraduate studies, which was derived from the lectures of
the individual institutions.
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Figure 2. Modules of the basic study
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e Module A contains the basics of technical representations and CAD. In this module, stu-
dents get the general basics of the representation of technical objects as well as their com-
puter-internal representation. Systems, system architectures, basic geometry, and product
models are described.

¢ The module B covers the basics of design, fundamental proceedings and design guidelines.
In detail, shape, function, environment, structure, and the principles of technical artefacts
are stated.

e Basics of structural mechanics are treated in module C. Beside the aims and procedures for
interpretation and computation of design features, interpretation and valuation criteria,
strength calculation, conceptual procedures, and structural analysis are described as well.

e Module D deals with the topic of mechanical components. Sub-modules describe mechani-
cal components such as bolts, springs, bearings, etc. as well as important technical proce-
dures such as welding, soldering, and gluing.

The exercises and tasks connected to the modules A to D are summarised in module E. It
deals with guides and tasks for self-studies and team work. The results can be exchanged with
the lecturers via the platform. It contains exercises with automatic review, where the student
receives an immediate feedback about the positive completing of a task.



3.2. Training modules for the graduate studies

The modules F through H cover the training areas in the graduate studies, figure 3.
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Figure 3. Modules of the main study

Module F covers the methodical basics of design, such as planning, sketching, Concurrent
Engineering/ Simultaneous Engineering, and Design for X. In module G tools for the support
of a methodical design process are described. Feature-based Design, FEM, EDM/PDM, Rapid
Prototyping, and virtual product development belong to module G as well.

Accompanying the modules of the graduate studies, cross-university projects for virtual prod-
uct development are to be done, which are performed in teams. These projects cover the entire
bandwidth of the modules and should be an application of the theoretic education. Within
such projects product developments are to be accomplished, whereby the teams at the differ-
ent locations will work on subprojects and present an overall result at the end. The platform
supplies tools for the exchange of data between the teams, but also between students and lec-
turers.

Module J is a collection of lectures and videos of representatives from industry. These will
give the students and also lecturers an insight into the industrial practice. For the students a
relation between the modules taught to their practical application is demonstrated.

4. Design of the multimedia based learning environment

A multimedia based learning environment offers a larger variety of presentation forms of the
training subjects. This includes textual explanations, images, animations and interactive ele-
ments [2], [4]. In order to ensure a structured procedure during the implementation, a number
of subtasks have to be executed. After the specification of the actual content and the definition
of the training units (modules, sub-modules), the amount of content should be estimated and
allocated to the individual project partners.



The functional range of the e-learning platforms is focused on the supply of services for the
administration and structuring of instructional contents and the management of the course and
its user.

The handling of the module content however is very costly if done with the tools of the learn-
ing platforms. For the creation and/or development of these content software tools exist,
which better support these tasks. For instance texts and different kinds of graphics can be cre-
ated with standard office software. Software tools can be programmed by using a software
development environment; interactive elements or animations can be prepared with appropri-
ate authoring software.

4.1. Creation of storyboards

Contents of an e-learning system are to be prepared in so-called storyboards. The storyboard
serves both the description of the content (texts and diagrams) and the depiction of the proc-
ess flow within the system (navigation). For a later interaction of the user with the system the
interaction possibilities have to be defined.

The storyboard text may contain pure textual descriptions although rough sketches and draw-
ings for visualisation are used as well. If the text of a page is shown successively block-by-
block rather than as a whole, the appropriate text blocks must be marked. Multimedia ele-
ments, e.g. charts, diagrams or animations, can be sketched in the display area.

Due to its wide availability, the high diversity of the applied software tools and not least the
large number of existing documents within the project Pro-Teach-Net, the storyboards were
developed in Microsoft PowerPoint. An example of a converted storyboard side is shown in
figure 4. For documentation purposes a status line was introduced, containing the processing
status, the affiliation to a module, and the page number. The navigation for the user was real-
ised on the basis of hyperlinks, which were arranged within the upper area of the storyboard.
This navigation is intended to simplify the implementation into the e-learning platform. The
lower area is used for the documentation of the status and editor.
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Figure 4. Example of a storyboard



The director’s instructions and the flow diagram, which is partially represented in figure 5,
are addressed to the development department of the screen design and programming. The
storyboard author has the option to mark the currently available program functions within a
page of teaching program. In addition, training objectives, which are to be achieved at this
stage, can be defined. That is the hint that a test is to be accomplished.
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Figure 5. Definition of a flow diagram

4.2. Central administration of the storyboards and documents

In order to store the storyboards and all other documents and to make them accessible for all
project partners, the project and document management system BSCW (Basic Support for Co-
operative Work, http://www.bscw.de) was used. Even with projects distributed over several
locations, BSCW is a good tool for an efficient co-operation of any size of user groups. The
server is platform independent and easily available by web browser for each user. Each digi-
tised information placed on the server by one the project partners is permanently available for
all other project partners. The BSCW server offers the access to documents and data of all
project partners as well as an internal version management, access logging and evaluation.

Such a BSCW server was used for the co-operation within project Pro-Teach-Net for sharing
discussion papers, project states, and meeting minutes. The structure was adapted from the
modules of the e-learning environment, so that an easy transfer of the data was possible.

4.3. Selection of a suitable platform

The information-technical design of an e-learning platform covers all concepts for the conver-
sion of the storyboards to the multimedia platform. This includes the analysis and selection of
a suitable development environment, survey of the possibilities for the supply of new con-
tents, their preparation as well as their flexible enlargement.

For the realisation of the platform investigations to different e-learning platforms were per-
formed. Figure 7 shows an excerpt from the evaluation matrix (based on [7]) of the examined
e-learning platforms. On the basis of these results a pre-selection of potential systems and sys-
tematic tests by the involved institutes were made.
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Figure 6. Excerpt of the evaluation matrix [7]

On the basis of a criteria catalogue, WebCT was selected for the implementation of the e-
learning platform Pro-Teach-Net. In this catalogue on the one hand the requirements from the
students’ point of view and on the other hand the ones of the lecturers were regarded. During
the selection of the e-learning platform the IT systems of the future students had to be consid-
ered too. The software systems (operating systems, CAD, EDM, etc.) available to universities
and students differ. For that reason, platform independence is a very relevant factor within the
selection process. This focus affects the type of the chosen documents as well as the selection
of the software tools.

4.4. Implementation of the learning environment in WebCT

WebCT is a software for provision and administration of Internet-based courses [6]. It runs on
a Web-server, which can be accessed by lecturers and students with a browser. WebCT repre-
sents contents on the basis of HTML pages and administrates all popular document formats as
a file server. Additional materials, which are not used in a course directly, can be integrated in
the form of links, which refer to files on WebCT or also to other web pages.
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Figure 7. Example of a structure in WebCT



Contents prepared in the storyboards were integrated in WebCT using the so-called contents
module. Figure 8 represents a hierarchical structure of course contents that can be developed
with these tools. These structures were developed within the project for each course, whereby
most modules are represented by several courses.

Other important tools for the creations of courses in WebCT are

e the curriculum, which is a short description of the course with course contents, responsible
person, place, and time,

¢ the graphics data base, where the graphics can be stored, and
¢ the glossary, where key words and technical terms are described.

For the students, who can access the contents by a Web browser, the environment is presented
as in figure 9. The example shows an excerpt from the course “CAD Basics”, where the the-
ory of the creation of geometry is described.
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Figure 8. Example of a students page in WebCT

On the left side of figure 9 a content page with a picture is represented. The student will learn
the possibilities of creation and representation of splines. On the right side the generation of
points is depicted in a video. The lecturer is able to provide the access to these contents to a
specified date, so that an effective preparation of the students for their next lesson is possible.

The most important improvement compared to the classical learning forms are the tools for
the support of communication between the students and lecturers as well as between the stu-
dents themselves. Different tools can be used for that:

e A discussion forum, which allows the filing of messages in a structured form,
e chat rooms, which enable a discussion with the students in real time, and
¢ e-mail for private communication between the lecturer and students.

Assignments are a substantial instrument within the learning process [5]. Every student must
prove whether he successfully completed a single section or the entire course. That way he
gets an immediate feedback about the state of his accomplishments. In return, the lecturer can
analyse the strengths and the weaknesses of the students and can form conclusions about the
quality of the learning modules. The student is in contact with the lecturer via the platform, ei-
ther by forum, e-mail, or file transfer. Assignments take place in different form, which can be
subdivided as follows:



e Multiple choice questions or quiz, which provide a defined number of possible answers to
a question,

e tasks, where the result is to be entered, and

e assignments and reports, which are transmitted to the lecturer in electronic form for re-
view.

5. Application of the platform in study courses

First evaluations of the learning platform were carried out in the summer semester 2003. A
group of selected students received access to the platform in order to test it effectively and re-
ceive support by the tutors. The platform is used within the study courses in the following ap-
plication scenarios:

e [ecture preparation and wrap-up
e Execution of tutored and autonomous trainings
e Provision of modules for self-studies

In scenario 1 the platform serves as portal for the students to provide the utilised lecture
documents as well as a preview on future topics. The students can prepare themselves, ask
specific questions, and discuss with the lecturer. A further advantage is in the improved qual-
ity of the lecture materials.

Scenario 2 is concerned with the execution of the exercises and training using the platform.
There are guidelines, examples, and tasks available. The processed tasks will be sent to the
lecturer via the platform. Questions and problems can be discussed in available forums and
chats between the students and between students and tutor.

For students, who cannot participate in the regular lectures and training sessions for certain
reasons, will get access to the platform for self-instruction (scenario 3). The contact to the lec-
turer is made by forums on the platform, chat, or mail. Especially students who spend one or
more semester abroad can study further themselves in such a way.

For examinations the platform will not be used in the foreseeable future. Among technical dif-
ficulties legal aspects must be observed. In the examination regulations of the involved uni-
versities written and oral examinations are clearly defined and can only be changed with diffi-
culties.

6. Conclusion

The students favourably accept the application of Internet-based technologies in education.
By employing new media the descriptiveness and the practical relevance are improved [4].
The didactical preparation of the contents requires a high effort (up to 100 hours for one hour
of learning unit), which is reflected in an increase of the quality of the offered courses.

The presented e-learning platform will not replace the classical lectures and tutorials. Social
competencies such as team spirit, communication etc. can only be formed by personal meet-
ings. The lectures and exercises are supported by the Internet-based platform, which helps
with the preparation and reflection of factual knowledge. The main aim of the personal meet-
ings is the inter-linking of the acquired knowledge. The training aims shift from the classical
learning of facts to an application of knowledge.



The testing and evaluation of the platform are still going on. The results of these tests will
show whether the platform is accepted by the students, which kind of difficulties will arise,
and what feedback will come up.

References

[1]

[2]

Klocker, S., “Netzbasiertes Management von Konstruktionswissen und multimediale
Vermittlung innerhalb einer internet-gestiitzten Lernumgebung”, Tagungsband 3.
Workshop Konstruktionstechnik , Shaker Verlag Aachen 2001

M. Nagl, J., Balzert, H., Six, H.-W., Schifer, W., Kelter, U. “Studie iiber Software-
technische Anforderungen an multimediale Lehr- und Lernsysteme”, http://www.uni-
paderborn.de/fachbereich/AG/schaefer/ag dt/SofTecNRW/EndVersion/Studie.html,
1999

Peschges, K.-J., “CIM-Aus- und Weiterbildung: Entwicklung eines CIM-Lehr- und
Lernsystems”, Vieweg Verlag 1993

Chilian, G., Meissner, M., Schenke, B., Schorcht, H.-J., “Anwendung multimedialer
Mittel in der Maschinenelemente-Ausbildung”, Tagungsband 3. Workshop Konstruk-
tionstechnik , Shaker Verlag Aachen 2001

Zumbach, J., “Einfiihrung in Padagogische und Didaktische Aspekte einer netzbasier-
ten Lehre mit WebCT”, http://paeps.psi.uni-heidelberg.de/webct, 2003

WebCT Inc., “WebCT 3.1: Getting Started Tutorial”, http://www.webct.com/quick-
start/viewpage?name=quickstart 3.1 getting started, 2001

Edutech, Higher Education and New Technologies (Switzerland) , “Comparison of
Web Based Course Environments”, http://www.edutech.ch/edutech/tools/compari-

son_e.asp, 2002

For more information please contact

Manfred Zirkel, Otto-von-Guericke Universitit Magdeburg, LMI — 39106 Magdburg, Germany
Tel: Int +49 391 6718099 Fax: Int +49 391 6711167 E-mail: Manfred.Zirkel @ MB.Uni-Magdeburg.de
URL: http://imk.uni-magdeburg.de/lmi.html



