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 Abstract — In the following article a project 
supported by the Ministry for Education and 
Cultural Affairs of Saxony-Anhalt is described. An 
interactive course in electrical engineering 
between the two Universities was performed by 
using high-speed internet connections and 
specialised multimedia equipment. All components 
will be presented in combination with an analysis 
of its usability. Additionally, the experiences are 
described using the technique in daily lectures 
between the two Universities: expert knowledge 
from the lecturer view in comparison to the 
experiences of the student view. Finally the 
collected experiences are summarized and 
evaluated. 

Key Words: Distance learning, internet based 
learning, distance teaching, internet multimedia 
lecture 
 
 

1. INTRODUCTION 
As the demand for high-speed digital 
communication such as data, video, and the 
broadband Internet increases, the required 
throughput of the modules in communications 
systems1 must also increase. Ethernet is well 
established up to 10Gbit/s in local area networks. 
In combination with this high speed transmission 
technology2 it seems to be possible to realize 
online education courses via internet over 
several long distance transmission routes. The 
distances are practically unlimited, based on the 
high speed of light, carrying the multi-media 
data3. In Combination with the higher obtainable 
bandwidth, many efforts has been taken to sent 
video and audio signals via IP services in 
combination with telecom high standard quality of 
service4,5 (QoS). 
On the basis of the currently prevailing space, 
financial and personnel situation in the 
universities of applied science, a project 
promoted by the Ministry for Education and 
Cultural Affairs in Saxony-Anhalt considering the 
general space and allocation of different courses 
was developed and tested using modern 
multimedia components. The goal is the relief 
and effective assignment of the teachers on the 

 
  

one hand and, on the other, the creation of the 
possibility for students to take part in courses 
offered by different universities. In this way, it will 
be possible to make lectures covering specialist 
fields and topics accessible to a wider audience, 
regardless of the physical distance. The first 
stage is therefore concerned with a survey of the 
average available capacity and the technical 
equipment at the universities. In the second 
stage, the technology required for the video-
conferencing and the desktop-sharing will be 
introduced. Various products will be briefly 
compared for this. The teaching experience of 
this new educational concept from the 
perspective of the teachers and the students will 
form the content of the next stage. Finally, the 
collated experiences will be summarized and 
evaluated. 
 

2. Inventory 
Due to the mostly small-group, seminar-style 
lessons in the universities, especially in the main 
study course, the room situation is mostly 
comprised of small to medium-sized rooms with a 
count of 20 to 40 students per lecture. Excluded 
from this are introductory lectures held in lecture 
halls, as these are generally attended by a much 
higher number of students. Here, the deployment 
of staff is considered effective and these courses 
are similarly offered in all colleges.  
The technical equipment in the seminar rooms 
normally consists of computers for the lecturers, 
data/video projectors and possibly also 
interactive whiteboards. In addition, the rooms 
are equipped with 100 Mbit/s IP connections. 
Access to the German research net6 (DFN) is 
likewise available at (nearly) all universities via 
the university computer centre. The DFN 
provides various services for videoconferencing 
according to the H.3237 standard, and desktop-
sharing according to the T.1208 Standard and the 
required bandwidth. 
 
 

3. TECHNICAL EQUIPMENT OF THE LECTURE 
CONFERENCING ROOMS 

On the basis of the described equipment of the 
existing seminar rooms, two different 
development variants for the technical equipping 
of video conferencing rooms, as shown in fig. 1, 
will be presented. In both variants, lecturers PCs 
with dual-headed graphic adapters are used. 
With this, presentations, slides and program 
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demonstrations can be shown using a data/video 
projector, and with the second projector the 
interactive whiteboard entries can be projected. 
The interactive display board9 entries, generated 
through the use of an electronic whiteboard in 
combination with a projector, can easily be 
distributed via the IP network using a suitable 
desktop-sharing tool. The introduction of 
whiteboard systems with integrated back 
projection was not part of the scope, due to the 
still very high costs of these systems. 
The video conferencing system10 (VCS) with the 
connected audio system forms the second 
central component. On the basis of tests 
performed by the DFN and the centre of 
excellence for videoconferencing services (VCC) 
at the TU Dresden, the Polycom Viewstation 
SP128 was selected for the installation of the 
compact videoconferencing system. This offers 
desktop systems with integrated cameras and 
the possibility of an additional camera 
connection. The inserted camera can be both 
swiveled and zoomed, in order to optimally show 
the speaker and/or students. For communication, 
the systems have both a RJ45 connection for 
access to the IP network and an ISDN11 
connection for video conferences over the 
telephone network. The audio system consists of 
a interfacial microphone system with the option of 
an additional radio microphone for the lecturer. 
For the processing of the microphone signals, an 
external microphone amplifier with echo canceller 
and digital equalizer is interposed. The output 
signal of the videoconferencing system is 
distributed via an audio amplifier and 
loudspeakers appropriate to the room. 
During the start-up period, the three desktop-
sharing tools Microsoft NetMeeting 3.01, 
BrigdeIT and Netviewer, which along with the 
video conferencing play a central role for the 
distribution of the lesson content, were tested.    
 
−  Microsoft NetMeeting12 is a free, decentralized 

working program, which is installed as a 
standard installation with Windows 2000/XP. It 
is principally suitable for small groups, since it 
enables the basic functions such as the 
distribution of the screen contents and also 
the taking-over of the write function by other 
users. Disadvantages, however, are that there 
is no support from Microsoft and the software 
crashed several times during a session lasting 
several hours. A program crash during a 
lecture always leads to delays and 
concentration loss among the students. With 
the use of the T.120 protocols with the 
corresponding ports, only a restricted 
operation is possible from behind a firewall. 

 
−  The BridgeIT13 program by Smart consists of a 

server installation and a client installation. 
With this, the client software can be sent to 
the relevant participants, by email for 
example, and needs only to be started on the 
remote PCs, and not installed. The licensing 

takes place via the number of participants 
who log on to the server. The session 
administrator can thereby arrange several 
meetings on one server and pass on the 
appropriate session names and passwords to 
the participants. It is preferable that 
communication takes place via port 80. This 
allows a problem-free operation from behind a 
firewall.  
A disadvantage is that the program is 
designed to specifically distribute the screen 
contents. The invited participants can make 
colored entries on the screen, but have no 
possibility of directly entering into the 
presented programs. Thus the interaction 
wished for between lecturer and students in 
the shared lessons is highly restricted. 

 
−  The third tested transmission software called 

"one2many" from Netviewer. Like BridgeIT, 
Netviewer consists of a server and a client 
component. With the standard installation, the 
server is not installed in the university; the 
registration and the data transfer run via 
special servers at Netviewer. The costs of 
maintenance and installation can thus be 
lowered. Contrary to the variants specified 
above, however, use of the intranet is not 
possible in the event of the loss of the internet 
connection. A personal server installation is 
possible for a surcharge. The use from behind 
a firewall is unproblematic here as well, since 
communication with Netviewer also runs via 
port 80. All participants can be given remote 
access rights by the meeting leader, in order 
to make a genuine interaction between the 
participants possible. 

 
For an acceptable video presentation, a 
bandwidth of 768 kbit/s is necessary for the video 
conference with audio signal. The supply of this 
bandwidth should be guaranteed using QoS in 
the IP network, since otherwise cut-outs in the 
audio and video stream can occur. Short 
disruptions in the video stream are here less 
critical than cut-outs in the audio stream. For the 
desktop-sharing, a bandwidth of 128 kbit/s 
proved sufficient. The adherence to these 
bandwidths is not critical, since short delays with 
the slides are not particularly disturbing. The 
connection to the internet is technically easy to 
realize and, as with both the videoconferencing 
system and the software, is completely menu-led. 
For the use with several participants, a Multi 
Conferencing Unit (MCU) must be used for the 
management and the distribution of the video and 
audio streams, as the Polycom Viewstation 
SP128 is only a Single Point (SP) version, i.e. 
only point-to-point connections are possible. The 
optional H.323 Gatekeeper is needed for the 
authentication of the participants. Figure 1 shows 
the necessary network infrastructure. 
The installation of a sun-blind in the rooms is very 
important, in order to avoid disturbing influences 
by foreign light. The audio system represents the 
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most critical point in the videoconferencing room. 
Due the requirement that it should be possible for 
both the lecturer and the students to talk freely as 
in a normal lesson, a solution involving freely-
hanging room microphones was designed.  

 
 
 

 
Fig. 1: Network infrastructure for long distance lecture teaching at Harz University and University Wolfenbuettel 

 
 
For this, the rooms should be adapted to the 
acoustic requirements by structural measures, in 
order to reduce arising reverberation effects and 
echoes. A modification which would allow the 
audio quality of a sound studio was out of the 
question from a practical and financial point of 
view.  
Fig. 2 shows as an example the schematic 
configuration of the hardware structure at the 
sites in Wernigerode and Halberstadt. Similar to 
this, the Braunschweig/Wolfenbuettel University 
of Applied Science has installed a multimedia 
lecture hall with darkening, appropriate micro-
phone and camera equipment. 
Fig. 3 shows a view of the realization of the 
multimedia lecture hall (VIL) at the Harz 
University of Applied Science. The illustration 
shows the electronic board (1), the two screens 
(2, 3) and the projectors required for them (4), 
one of the room microphones (5), the lecturer’s 
seat (6) and the workstations for the students 
(7). 
 
 
 

 
                                
Fig. 2 : Schematic structure of the virtual informatics lab (VIL) 
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Fig. 3 : Insight into a seminar conference room 
 
 

4. EXPERIENCES WITH THE VIL 
 

4.1 STUDENTS VIEW 
To follow the lesson actively it is important to 
observe directly the gestures and mimic of the 
lecturer. That’s why it is a necessity to use a 
high resolution camera system in the lecturer 
room, a fluent video transfer without dropouts 
and a high resolution projection system with 
wide-area screen. It turned out that from view of 
the students single dropouts in video 
transmission are uncritical.  
On the other hand the perception of the quality of 
the audio signal is really critical. Already short 
dropouts are highly critical and disturbing. They 
make it very difficult to follow the content, 
sometimes it is almost impossible. In progression 
of using the VIL it turned out to be useful for the 
lecturer to wear a headset. The reverberation 
and the low sensitivity of the room microphones 
worsened the signal to noise ratio strongly and 
the understanding of information suffered 
immanently. 
Furthermore it is required, that the sketches on 
the blackboard were transmitted using a high 
resolution camera system. Even better would be 
to use a large area (1.5 x 2.5m) electronic 
blackboard. Negative experiences were made by 
simply filming the blackboard, either the contrast 
or the resolution of the camera was to low. 
The personal contact to the lecturer was not very 
crucial for the students and was only small 
missed. After the lecture it was often observed 
that the students asked questions via the 
internet connection with a sufficient exchange 
with the lecturer. 
 

4.2 LECTURERS VIEW 
For the lecturer a few very advantageous 
aspects arise while processing the content of 
teaching. The unavoidable and work-filled 
conversion of all slides, board pictures etc. to 
electronic media like PDF or PowerPoint finally 
result in favourable working conditions. These 
media now can be queried at any time. 
Consequently it is possible to access further 
data during the lesson immediately.  

The electronic board requires some exercise 
from the lecturer in handling and in the writing 
management. The largest drawback is that 
electronic boards are still strongly limited in size. 
By a board of 1m x 1m it is almost impossible to 
create a “normal” largely written board picture. 
Only a small part of the usual information can be 
placed on the board, because the persons in the 
lecturer’s room have to discern the board from 
an appropriate distance as well. This deficiency 
can be improved only by the coming techno-
logical development. A benefit of using an 
electronic board is that the board history can be 
stored and used for following lectures. 
Like mentioned before, the simple filming of the 
blackboard was insufficient because of problems 
with contrast, resolution and brightness. 
Another innovation in the multimedia lecture is 
the use of the showing device for the PowerPoint 
slides (mouse etc.); this device must be usable 
as board display at the same time. Because of 
that the handling is quite difficult at the 
beginning, but can be improved over time. 
To sum up, one can say that seen from lecturer 
and from students view this kind of lecture is 
rated to middle acceptance only. A personal 
lecture is preferred by both groups.  
This type of internet remote teaching is only then 
advantageous, when other resources and 
persons are not available or long distances 
between the academies make the personal 
presence very difficult. The personal teachings 
can only be replaced conditionally. 
 

5. SUMMARY 
Based on the present room-, financial and 
personnel situation at the universities a project 
was developed, promoted by the ministry of 
education and the arts of the state Saxony-
Anhalt, to introduce a room and location-
spreading distribution of lectures by modern 
multimedia components and its testing in the 
daily teachings. 
The first section dealt with a stocktaking of the 
average available room capacity and the technical 
equipment at universities. In the second section 
the technical configuration necessary for video 
conferencing and desktop sharing was 
represented and different products were 
compared briefly. The following sections contain 
the experiences of this new teaching concept 
from view of the lecturers and the students. 
Finally, the collected experiences were 
summarized and evaluated. 
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