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Abstract

In recent years, education authorities worldwide, including the German Federal
Government, have invested heavily in the development of e-learning and multimedia
materials for institutions of higher education. While for some subject matters the benefits of
e-learning seem obvious, there are subjects, often consisting of a number of tenuously
connected topics or requiring a balance of learning and training, for which it is a valid
question whether appropriate learning materials can be presented via the Internet.
Software Engineering belongs to this second group, both for its broad collection of topics
and, particularly, for the required emphasis on teamwork and communication training.

This paper reports on a successful e-learning module on Software Engineering, which is
used at the VFH (Virtual University of Applied Sciences) in the third semester of the
Bachelor program for Media and Computing. The report concentrates on two major
aspects: The conceptual approach of producing didactically adequate online course
material, and the didactics and techniques required for training communication and
teamwork in an online course, which are considered an essential part of Software
Engineering. In a concluding passage, the authors share some practical experiences with
this course and consider the teaching efforts required to make it work successfully.

Keywords: e-learning, Software Engineering, Online Course, Virtuelle Fachhochschule
(VFH), Distance Learning, Learning Objects

1. Introduction - the Context of the Course

The German Federal Ministry of Education and Research (BMBF, Bundesministerium f(ir
Bildung und Forschung) has been investing heavily in the past years in projects that create
e-learning content. Among the largest projects are the "Virtuelle Fachhochschule" (VFH)
(15) and "Neue Medien in der Bildung" (New Media in Education) (9). The VFH has been
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offering an accredited Bachelor program for Media and Computing since the 2001/02
school year with over 460 students enrolled at six participating institutions. A Master
program began in the 2004/05 school year.

In the curriculum of the Bachelor program for Media and Computing there is a 5 ECTS [1]
credit Software Engineering module in the third semester. The purpose of this course is to
give the students an introduction to the basics of traditional Software Engineering. A second
software-engineering module is offered in the Master program that offers in-depth
discussion of current topics such as Model-Driven Architectures, and there is an advanced
Java programming module in the third semester of the Bachelor program, parallel to the
Software Engineering module, that discusses object-oriented concepts and design
patterns.

2. Course Design

2.1 Design Objectives

One of the guiding concepts of the VFH is that internet-based learning should be
essentially different from just reading a linear textbook presented in PDF format on the
web. Reading such documents online or printing them on moderate quality home printers
will often be inferior to working with a traditionally published book (10). Rather, in producing
e-learning material, the learning situation needs to be improved by incorporating "e"-
specific features such as non-linear exposition and online interaction, communication, and
cooperation into the learning experience (12)(18).

In the VFH, students of a variety of vocational backgrounds and in various personal
settings study their material individually, but interaction with each other and their course
mentor during the term is encouraged and in many courses required. Both aspects, the
production of course materials adequate for individualized learning, and the organization
and incorporation of interaction over the internet, are given particular attention in course
design.

2.2 The VFH Hypermedial Didactical Structure

Multimedia teaching materials must be presented in a screen-adapted layout and format.
There must be a clear navigational structure and a recognizable set of visualization types
used in the module. This may sound simple, but it is a challenge both to designers and to
producers of the materials. In addition, the "internet paradigm" of nonlinear access and free
browsing should not only be enabled, but rather supported by adequate indexing and
cross-referencing, in order to allow for individualized learning paths.

The VFH team in Berlin together with the VFH ergonomics expert team [2] has developed a
hypermedial didactical structure given in Figure 1 that has shown itself to be very effective
for our purposes (see (4) for more detail). A workflow was also developed to facilitate the
production of the materials.
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A VFH module consists of a set of learning units, which form a didactical sequence, but can
be read in any order. The module is accessed through a so-called shell. Besides the basic
navigation, the shell offers a hyperlinked table of contents, a hyperlinked glossary, links to
pages with chapter descriptions, indexes of pictures, animations and exercises, a download
link for an off-line version of the text, literature lists, optional additional subjects and
sources, a copyright page, etc.

Every learning unit begins as usual for distance learning materials with an introduction
page that gives the learning goals for this unit and some information about the time
expected to be invested in the course. Then a series of chapters follow, which themselves
have subchapter sequences. No deeper structure is used, to keep learners from getting lost
while reading. Since three- and often four-level structures are very common in German, this
meant rearranging some of the material and "promoting" sub subchapters, introducing a
new chapter structure.

Description, Searching, Dovniosd, Lisrature, ..
Module Structure
I
Learning Unit 1
INTRO ———
| Navigation | Material
Table of Contents e
Tips *
| Go to page x | Solutions
[ o] ——
Help Chap. 2, Page 2 o
[ Glossary () | —
= More..
| FAQ, Buddyfist, ... | WWW
--_-"""'._

Figure 1 - Structure of a Learning Unit

Supplementary materials are offered on extra pages that open up in separate browser
windows, so as not to destroy the reading context. Links to material on the Internet are
specially marked with an icon (w{) and also open new windows. Other kinds of
supplementary material such as learning tips or animations (which are kept to a minimum
size if at all possible to minimize download times) are also handled in this manner.

A common navigation between chapters, subchapters and pages is provided, with pages
numbered sequentially through the learning unit. The total number of pages (e.g. 7/31) is
given so that the learner is aware of how many pages must still be covered. In order to
ease using the material for learning there are also links to a glossary, a linked table of
contents, the course shell, and an index on every page.
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The glossary and the index need to be given extra attention, as they form the keys to non-
linear access to the teaching material, one of the essential features of online modules. With
the myriad terminology used in Software Engineering, sometimes with multiple or
contradictory usage, a glossary cross-linked to the teaching units is indispensable for
working with the material and referencing other literature with differing terminology.

Visualizations are also vital for understanding the often abstract material which is offered. In
contrast to textbooks, which are restricted to static graphics, e-learning modules can use
animated and interactive graphics for visualizing purposes. For structural clarity, we do not
mix these techniques, but have three basic patterns: static graphics, animations for time-
based developments, and roll-overs to present master-detail relationships. Often, students
print out parts of the material for making annotations. Therefore, it is desirable to provide a
static, printable version with every dynamic visualization. Figure 2 is such a static
representation of an animated visualization for stepwise refinement. In the on-line version
of this article clicking on the picture will open a window with the animation itself.

Within text, animation has also proven useful for self-test elements. We have multiple
choice, true/false, matching and fill-in-the-blank exercises done in Flash that can be used
for self-test exercises. However, these need to be carefully designed so that they do not
suggest to a student that they have understood material when in fact they just can repeat
facts. These animations also need static representations for printing.

What is still missing from this implementation is the possibility of entering annotations for
the module online. Many students thus print out pages from the screen (which are then, of
course, not easy to read as they are optimized for screen reading) in order to mark them
up. With the modules stored in XML format, it would be easy to produce printable PDF
versions on demand. Another approach would be to allow online annotation by embedding
the HTML in a WikiWiki [3]. As resources permit, we will be experimenting with both
solutions.

B ..

Figure 2 - Stepwise Refinement Animation (Flash)

With the shell as a toolbox for accessing the learning material, we find that the VFH
hypermedial structure is particularly well suited for online learning and allows the learner to
individualize his or her learning path in a very flexible way.
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2.3 Individualization through Learning Objects?

In e-learning, a much discussed approach is the production of "Learning Objects" (LOBs),
representing atomized learning units designed for online presentation. They are then
marked up with metadata, SCORM and LOM being the prevalent standards, with the aim of
freely combining and reusing "learning objects" in setting up learning contexts (e.g.
courses). The eventual goal is to be able to automatically construct an individualized e-
learning course according to the learner's knowledge and needs.

At present it is not possible to construct any software engineering course from LOBs,
because there are practically none. Even the MuSoft project [4], also funded by the
German BMBF, only has less than 100 objects listed on their web pages in August of 2005,
ranging from videos over slides to complete learning units. There was nothing at all publicly
available when we began our work. We could have started filling this gap by constructing
our course as a set of LOBs and mark them up according to one of the standards. But we
share other authors' disbelief in the didactical adequacy of the LOB approach (7)(13).

Let us, in order to explain our concerns, assume that we would turn subchapters into LOBs.
It is not at all clear at what level of detail to form an LOB, but subchapters are a likely unit of
omission and replacement in an individualized course, so the choice seems reasonable.
The following problems occur immediately:

1. Terminology:
As in all non-exact sciences, learning software engineering consists to a large extent
of learning and applying terminology to a given subject matter. Unfortunately, there is
not one universally accepted, complete software terminology. Hence each
subchapter has to rely on the terminology introduced and explained in previous
chapters. It will probably incomprehendable without its context. A glossary would
clearly help to bridge some of the gaps, but it cannot be sufficient for terminology
with deeper methodological connotation.

2. Interdependence:
Terminology is just one aspect that make units of a didactically well designed course
highly interdependent. If the markup would allow specifying references to other
LOBs, we would find that every LOB has backward references to very many others.
From an object-oriented point of view one could think of chapter "facades" to simplify
the reference structure. But this type of information encapsulation is the exact
opposite of the didactical one in which you use back references to the very details of
a concept in order to strengthen and refine the learner's command of it. Griffiths and
Garcia comment in Koper (6) that "[the object-oriented] analogy, which runs in
perfect accord with the conduit metaphor, runs contrary to much of what we know we
know how human beings construct meanings from language, texts. images, etc. ..."

3. Objective individualization:
Of course, every learner should have an individualized way of studying a course,
adapted to his or her knowledge and needs. But there is no objective measure of a
learner's knowledge, covering soft factors such as the relative difficulty of accessing
the knowledge, its initial context, or the learner's attitude towards the content, which
strongly influence the availability of a certain knowledge in a learning context.
Crutzen points out in (2) that "Learners are not objects with a predictable behavior
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engaged in a learning process that is reduced to formal and planned acting."

Hence, course individualization should not be attempted in an "objective" manner,
modeling the learner as an object with knowledge and requirement attributes. It
should rather respect the learner as an individual with differently shaded knowledge
and emotions like interest, fear or anxiety, who is best suited to decide on his or her
optimal learning path, including chapters that repeat forgotten material, and skipping
parts of limited relevance to his or her particular focus.

Therefore we believe in e-learning courses that support individualization by the individuals,
through

+ giving the learner the security of having access to the full set of learning units

+ supporting non-linear access to the material as much as possible, using e.g. chapter
abstracts, time requirements, self-tests, and cross-linked content tables, indexes and
glossaries

- clearly stating the requirements for passing the course.

We find that using the VFH hypermedial didactical structure, we meet these criteria,
whereas using LOBs we don't.

2.4 Didactical Outline of the Course

Before beginning the technical production, a didactical outline for the course had to be set
up. In all distance teaching situations, it is vital to give the students an idea of how much
they need to achieve every week, in order to prevent them from starting enthusiastically,
but then yielding to pressure from other areas of their lives and postponing most of the
work to the end of the semester. Hence, the basic course materials were first divided up
into 16 chapters of similar length, roughly corresponding to the typical 16 week term of a
German college.

In order to synchronize the progress of the group, which is essential for team cooperation,
each chapter ends with a set of questions or small exercises which have to be completed in
at the end of a pre-determined week. The results and questions arising from the text are
then to be discussed in a weekly chat.

A second type of exercises requires the students to collectively accumulate information e.g.
through web research, or cover portions of a complex exercise which then have to be
integrated. The results are to be posted on the learning management system's bulletin
board and will be discussed and combined in a subsequent chat. This way, the students are
introduced to the use of asynchronous communication and learn to profit from their
classmates' work - both basic skills for team cooperation.

Finally, there are two exercises to be done in face-to-face classroom sessions, because our
experience is that personal encounter raises the effectivity and satisfaction of subsequent
online communication substantially. The classroom sessions are set aside for larger
modeling exercises in teams, because this is where constant feedback from the mentor is
most needed.
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2.5 Content Adaptation

With no adequate learning objects to be found, and a very limited budget of only 75.000€,
the only feasible way of producing an online learning module for software engineering was
to start with an existing textbook and reshape it according to the VFH hypermedial
didactical structure. This would comprise flattening and balancing the chapter hierarchy,
presenting the given text in the specified screen-reading format, putting it into a shell
structure and adding the required referencing, navigation, planning and assessment tools,
enriching the text with multimedia visualizations, and adding interaction and cooperative
elements.

It proved unexpectedly difficult to find course materials to start with, because for several
reasons, authors were reluctant to offer their courses for an online presentation. We were
fortunate to be able to convince M. Stanierowski to permit us to use her text on Software
Engineering for a Business and Computing program used at the distance learning
university of applied sciences in Hamburg, the Hamburger Fern-Hochschule [5].

With the initial problems of finding the basic material, the teaching module had to be
produced in only nine months time, with a three months overlap between course production
and teaching usage. We started with a team of students doing this as a project, with a full-
time producer added to the team just for the last five months. The successful completion is
owed, we believe, to the well specified hypermedial target structure and the fact that
Stanierowski's course material was evenly segmented, due to its nature as a distance
education course, and thus needed no rewriting.

3. Structuring the Online Group Process

Adequate online presentation of the teaching materials was an important aspect in creating
the e-learning module, but it is not specific to Software Engineering instruction. Rather,
teamwork and communication training are specific and vital requirements of a Software
Engineering course. These skills are hard to learn in traditional instructional situations (19)
and even harder in distance learning scenarios. It is difficult enough to communicate with
each other in a face-to-face situation, e.g. for teamwork coordination. Learning how to
manage teamwork with internet-based communication requires intensive training.

While it is very powerful and satisfactory when it works, online communication proves often
tedious or even frustrating because of setup and synchronization problems. It is unrealistic
to make the problems and exercises so hard that the average student would not find it
easier to solve them individually rather than working on them through internet
communication. So the course needs a didactic concept that enforces online
communication in order to train it, and must provide a teaching environment with advanced
online communication facilities. After some time of enforced training, students tend to turn
to online communication, even where it is not explicitly required.
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3.1 Asynchronous Communication: Posting Results

In order to properly discuss the teaching material, the learning progress must be
synchronized. We do this with mandatory exercises, called "enforced milestones", that are
to be handed in, or rather posted on a bulletin board, according to the course schedule.
Student comments on others' results are encouraged. The exercises are graded not on
content, but on timeliness, accounting for a total of 20% of the grade. Each exercise is
worth two points if handed in on time, one point if handed in at all. One can still pass the
course by not participating, but having 20% of the final grade already completed upon
taking the exam is a strong enticement for people to actually do the work - and since they
have already answered the questions, they tend to participate in the chat.

By using bulletin board publishing for handing in the exercises instead of sending an email
to the teacher, we create an awareness of common progress in the group. Disclosing one's
results rather than hiding them is also a basic concept in web communication, which is
increasingly being used in professional software development. Since we do not grade on
content, we don't have to worry about plagiarism, and we discuss the results in the chat. As
all of the exercises are visible for all of the students, students work extra hard to hand in
good results. They also learn the realities of heterogeneous systems from each other - if
the teacher can't open their document, they think the teacher is stupid. But if a fellow
student can't open their document because it is in some Windows-based format that is not
presentable on a Mac or with Linux, then they begin to see the advantages of platform-
independent formats.

3.2 Synchronous Collaboration: Chat and Application Sharing

The results of asynchronous collaboration are evaluated in a chat session. As all results are
accessible for all participants, a text based chat will suffice in many cases - although with
the availability of voice and multimedia "chats", we hardly use text chat anymore. It is
important that chats are recorded for later reference. We encourage students to take turns
in editing text chats, removing side-remarks and bad misspelling, condensing atomized
contributions and anonymizing students; an example of such an edited chat is given in
screenshot 1. The edited chat is available in German at (16).
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Screenshot 1 - Edited Chat Recording (.pdf Listing)

It is particularly with the modeling exercises that the students need more effective means of
synchronous communication than text chat. Trying to interact and discuss a model using
only a text based chat is an exercise in frustration. We need to be able to point and to draw
in other people's models in order to have effective modeling discussions. Tools are
beginning to emerge that permit more than two persons at a time to be active in a

diagram [6], but not all of them are easy to use.

What is required is a synchronous communication tool that allows us to interactively use
another tool to draw or edit a model. Such a communication tool (similar to application
sharing) allows the mentor to demonstrate things, students to ask specific questions by
showing the problem, and a group to cooperate on a modeling task. This type of application
sharing is vital for any substantial team development. While commenting via text chat
would work, it is highly recommendable to have voice chat as an efficient exchange mode
accompanying it. Once again, recording of sessions is essential, but editing multimedia
sessions is too tedious to be of practical use.

As an illustration, we have filmed a staged replay of a discussion session using the
Netucate setup. In the context of discussing an object model for a library information
system, there are two student models to be contrasted, one overly simple and one overly
complex. The mentor is leading the discussion about generalization and the selection of
attributes and the students work together fixing the overly complex model. The film is in
German and available for a number of different formats [7].
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Screenshot 2 - A Model Discussion using a Collaboration Tool (Demonstration)

Finally, it is worth mentioning that for modeling discussions, the synchronous
communication, however powerful, should not replace asynchronous communication:
There is a difference between quickly scanning a model draft during a chat discussion and
thoroughly reviewing it when it is posted in a bulletin board and the student has to comment
on it in writing. Both skills need to be trained. This also serves in training the students in as
many online communication techniques as possible, which we consider important, as they
are increasingly becoming part of the software professional's working situation.

3.3 Face-to-face interaction

The Software Engineering module starts with a "Telepresence", a virtual meeting of all
students at all schools offering the course. Video conferencing was planned, but chat is
used because of technical problems. The subject is to start "thinking software" by doing a
collective data analysis and requirements elicitation for a CD-dealership, but the idea
behind it is also to give students an awareness of who else is registered for the course.

For each school, there are two six-hour weekend meetings for face-to-face instruction.
These meetings are compulsory and render 30% of the total credit. The students are
generally very willing to participate, because of the effectiveness and the pleasure of
working face-to-face. In Software Engineering, we use two weekend meetings for team
modeling exercises. Modeling is chosen for several reasons: It is highly interactive,
requiring both intensive and quick team interaction and frequent mentor support, which can
become tedious using Internet communication; also we can let the students work with
different CASE tools without having to deal with licensing and installation topics. In
subsequent virtual meetings, CASE tools are frequently used interactively through
application sharing, without having to have them installed on every student's computer.

Finally, we have not found a satisfactory internet-based method for conducting
assessments that lead to degrees, as we must verify the identity of the candidate. So the
final exam, worth 50% of the total credit for this module, is taken in a face-to-face-setting,
as well.
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3.4 Course Individualization versus Group Process

Having discussed the means and requirements for setting up a group process within a
learning community, we have to reconsider the question of individualization, as proposed in
the learning objects approach. It is quite obvious that an individualized course set up from
learning objects contradicts the idea of group learning. As Crutzen criticizes, "social group
processes cannot be represented by an OO-notation, but they are vital for the pedagogical
process" (2). It seems as if the individualization concept behind the learning object
approach relies on a traditional distant learning paradigm, rather than embracing the
communication means that make the Internet such a unique learning setting.

4. Practical Experiences

Having explained the setup and didactics of the online software engineering module, we
want to share some of the experiences gained in the last few semesters, especially looking
at the mentor's role in the process.

4 1 Material Production and Maintenance

It might seem that it would be quite beneficial to have online materials for teaching tools, as
they seem to be easy to adapt to new interfaces or to enrich with new materials. But as
soon as the materials are being used by more than one teacher, the versioning and editing
problems that are prevalent in print-based instructional materials crop up, along with many
additional on-line problems. The new browsers are not backwards compatible, the new
material will not work with an old plug-in, there are many copies of the materials that litter
the servers, people have taken private copies of pages and have to be informed of the
changes made or they will be surprised to find something they wanted to use missing or
changed, etc. It is a challenge to keep both online and offline content up to date.

But while the basic material is rather resistant to change, the internet setting allows
mentors to easily provide and exchange additional material through the learning
management system (or on their own homepages), with the entire information basis of the
Internet at hand. In addition, the nonlinear material presentation simplifies individual
adaptations to the course, such as skipping chapters or changing the chapter order.

4.2 Internet-based Communication

While online communication is part of any e-learning situation, integrating communication
into the training portion of a course requires a sophisticated and stable communication
environment, and discipline on the mentor's side to enforce the use of the chosen
communication media.
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Insisting on the use of a course specific discussion board for certain exercises proved
helpful for both sides. Students are shy about bulletin boards because the "stupid question"
that one has asked seems to be semi-permanent. But after some experience, they begin to
see the value of this kind of asynchronous public interaction. In addition it is an excellent
opportunity for the mentor to find out about uncertainties and misconceptions and to
explicitly discuss them.

As we explained above, a text chat is quite unsuitable for Software Engineering team
interaction. We can "make-do" with using tabbed browsers and setting up link lists, as many
text-based chat systems do not permit copy and paste of what has been typed, making it
difficult to send a URL to the students to be discussed (see (17) for more on the didactics of
chatting). We have started to use the Netucate system (8), which provides an audio and a
text chat, as well as application sharing, and a whiteboard setting that is not too unstable.

In this manner, the student presenting her work can have her desktop sent to all of the
participants. While she is discussing a drawing, she can move her mouse to point to parts
of the drawing. It is also possible for other students to join in and write or draw using the
application being discussed, if the application permits this.

With the present state of the art, the more sophisticated a communication tool is, the more
frustrating its setup may become. Microphones need calibrating, screen resolutions have to
be adapted, etc. Often, one or two students will be doomed to be "quiet listeners", while
next time everything may work well. Finding a way of overcoming this type of frustration is
in a way part of the exercise. After some familiarization, students become quite proficient in
online interaction - and have acquired a teamwork skill that is not always a part of
traditional SE instruction.

4.3 The Mentor's Role

One thing we did not anticipate was that with the given non-linear teaching material,
mentors need to be separately informed about the didactical concepts behind the material
and exercise organization. For example, it was neither obvious that 16 units meant 16
weeks, nor that the exercises and the face-to-face classroom sessions are coordinated, nor
that the use of different virtual discussion media is a vital part of the course.

Just offering the possibility of bulletin boards and chats was not enough - we had to add
secondary motivation by grading the exercises according to their timeliness, thus enforcing
the scheduled milestones, to make students use the offered support structures. Mentors
need to understand that they are grading timeliness rather than quality, because the quality
level is to be raised through team discussions, and the major intention of grading exercises
is motivation and synchronization.

It is an interesting finding that the restricted time available for mentor-student interaction
means that the role of the mentor is not the teacher of the material, but rather a referee, a
source of impulses and corrections - and a guide through the maze of approaches, views,
methods, tools, and vocabulary in the field.

After four semester's experience, we feel that this way of teaching SE is definitely effective,
but it requires a lot of effort on the mentor's side. Virtual communication, even if supported
by state-of-the-art multimedia techniques, is less efficient than direct face-to-face
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communication. For example, a chat with more than 5-7 people is very hard to perform
effectively, so chat groups have to be split if they exceed this number. Hence a small group
of students requires a lot of mentoring time. On the other hand, you save the lecturing effort
- and you hardly "lose" anyone on the way, although we do not yet have hard data to
support this subjective impression.

5. Conclusions

Is online instruction adequate for university level instruction in Software Engineering? Most
certainly yes! It is not the best of environments - a block course over two weeks with just
4-6 students would be an ideal situation, in our opinion. But it is definitely not just a "poor
sister" of traditional face-to-face instruction.

The possibilities for hypermedial presentation of the vast and interrelated material on
Software Engineering are challenging. Very often, dynamic visualizations provide unrivaled
explanations for highly abstract procedures, such as stepwise refinement. Being restricted
to virtual communication, the students learn to effectively perform teamwork, coordination,
and communication using state-of-the-art internet-based techniques.

Despite all the extra work involved in virtual vs. traditional teaching, we must say that we
quite enjoy it!
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There are also two versions available for download:
eleed.campussource.de__/download/206/audiochat.avi (High Quality 550MB)
eleed.campussource.de__/download/206/audiochat-cif-divx.avi (DivX Codec 128MB)
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eleed.campussource.de__/download/206/DrehbuchAudiochat.doc ,

but bears little resemblance to the final film, which was adapted on short notice to fit the
only two students willing to participate.

Credits:

Script: llse Schmiedecke

Mentor: llse Schmiedecke

Students: Gabriele Wohnsdorf and David Zellhéfer

Camera and Editing: Sebastian Hensel from the FHTW-Projekt eVideo ( http://evideo.fhtw-
berlin.de )

Producer: Debora Weber-Wulff

Copyright 2005 by the FHTW Berlin, all rights reserved (videos).
Please contact the authors of this paper if you wish to use the videos.
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