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Abstract { Distance education, in most cases now ODL
(Open and Distance Learning) has been proven in mo-
dern research to be the most e�cient way to go in order
to enable growing numbers of students to get especially en-
gineering education as soon and as excellent as possible.
Creating interactive simulations and laboratories further
enhances the e�ciency of the learning process signi�cant-
ly. As one possible implementation of these concepts a
Web accessible tutorial for interactive database training
is presented. The implementation of this laboratory is es-
sentially a database backed Web application with the ne-
cessary technical and organizational framework. We also
present a qualitative and quantitative comparison between
a pure HTML solution and a Java alternative. As �rst
results we observe organizational and educational advan-
tages, e.g. better student lecturer interaction and perso-
nalized access to information combined with interactive
simulation systems. With this approach to engineering
education, which is new for our department at the Vienna
University of Technology, we hope to create most e�cient
learning and teaching environments, fostering creativity
and excellence in order to be ready for the already enhan-
ced international competition.

1 Introduction - Open and Di-

stance Learning

The Vienna University of Technolgy is confronted with
many problems, which are quite common nowadays: An
increasing ratio between students and teachers, severe
budget cuts, increasing demand for new, additional to-
pics and the still remaining obligation of top level research
and high quality education. Therefore it is essential for
us to investigate new ways in knowledge representation,
learning and educational interaction to enhance the e�ci-
eny of the whole learning process. According to research
results [14], modern learning theories ask for:

� personalized access to information

� interactive simulation systems

� providing material for learning at own speed

� learning alone or in groups (di�erent types of lear-
ners)

� more personalized guidance through tutors (accor-
ding to strength or de�ciencies of the learner)

Distance education, in most cases now ODL (Open
and Distance Learning) has been proven in modern rese-
arch to be the most e�cient way to go in order to enable
growing numbers of students to get especially engineering
education as soon and as excellent as possible. Currently,
ODL is described as learning environment, student cente-
red, o�ering course material or modules using modern IT
(Information Technology), too. Some scientists [7] even
think about the role of IT & T (Information Technology
and Telematics) as best tool to deliver educational in-
novations, provided that a well de�ned balance between
functions as implemented by IT & T and other media is
maintained. Creating interactive simulations and labora-
tories further enhances the e�ciency of the learning pro-
cess signi�cantly, as proven in international research [6].
As Renwick [21] describes, to guarantee these aspects,
new paradigms of teaching and learning have to be taken
into account. We have to go from �xed structures of tea-
ching to new ways of learning, to exible responses and
personal empowerment.

Considering research on ODL, as described by
Gastkemper [7], the personal responsibility of learners is
an important factor to ensure a successfull learning pro-
cess: "...In terms of didactics or educational support this
has also led to di�erent levels of freedom as to the way
of studying. However, in view of the relatively �xed o�e-
ring (academic) courses and curricula as mentioned above,
such didactics are often based primarily on the structure
of content, pre-speci�ed objectives and a (hypothetical)
average student." (from [7] p.20).

Keeping these aspects of modern education in
mind, we at the Institute of Computer Technology, try
to implement open and distance learning and teaching in
several lectures and laboratories. Experiments in remo-
te laboratory work are currently done in a more learner
controlled way, as will be shown later. Reason for the
stricter guidance of learners was the obligation to keep
students motivated, to provide immediate feedback to stu-
dent work, to avoid a high drop out rate and to keep the
tutor involvement to a reasonable, manageable level. Ac-
cording to research results of the Open University, UK,
user guidance is a signi�cant factor for success. Though



mainly contacts by tutors (email, video conferencing) and
student group contact were the most important success
factors to minimize drop out rates [4], immediate feed-
back in the learning environment can be seen as critical
success factor, too.

The following description of the remote laboratory
case at our institute shows one of the successfull ways of
implemeting open and distance education in our institu-
tion. But �rst our previous approaches with lecture notes
on WWW are shortly described and why they have not
been as successfull as the remote laboratory work.

2 Previous steps: Lecture Notes

and User Survey

At the beginning of 1997 the traditionally held face-to-
face lectures left almost no possibility for lecturer-student
interaction and discussion. The same time �rst pilots star-
ted to create hypertext lecture notes. They were seen as
a supplement to the traditional paperware with some ad-
vantages. The idea was to give the students the possibility
to learn some parts of the lecture on their own to save so-
me time during the lecture for discussion. This was the
very �rst approach, to combine traditionally held lectu-
res (sometimes more than 300 students per lecture) with
e�orts to implement features of educational technology.

Most of our students are studying Computer Tech-
nology, a branch of Electrical and Electronical Enginee-
ring. They are very interested in experiencing the Inter-
net, every student gets free Internet access at the universi-
ty, about 40% have also Internet access from their home.
Therefore we expected a positive attitude towards Web
material.

The Web lecture notes have been tested by a pilot
group and afterwards we have made a user survey with the
results in �gure 1. We can see that the students appreciate
the idea of WWW material in general. But they would
not learn directly from the Web but rather print out at
least parts of it and use it as a reference. What they really
wanted were interactive tutorials and on-line testing.

If we compare the hypertext version to the paper
material, the main disadvantage of hypertext material is,
that reading a computerized version is not as comfortable
as reading a paper version. As long as there is no device
as easy to handle as paper and capable of displaying on-
line information, many people will prefer course material
on paper. This can be seen in the questioning of our
students, too.

On the other hand the advantages of hypertext are
striking. As already known, hypertext material can be
established in a much more structured way, leading to
a better overview. The reader can always choose to go
deeper into a subject or to move on (student centered
learning, learning at own speed). Additionally, he can
con�gure the pages according to his personal preferences
of fonts or even colors. A further advantage is the possible
integration of multi-media into hypertext. In many cases

a good animation gives a better explanation than single
pictures and words. Other features like a full-text search
are impossible in paper versions, making hypertext usefull
as reference guide.

These results have lead us to new approaches: If
hypertext material should be successfull, it is not enough
just to translate a paper version to the Web, but it is
necessary to take advantage of the hypertext features as
described above. But the main attraction of the Web is
interactivity, leading us to the design of an interactive la-
boratory following the rules of open and distance learning
concepts.

3 The Interactive Distance Labo-

ratory

This laboratory accompanies the lecture "Databases on
the World Wide Web", which covers three topics: First,
design, implementation and maintenance of relational
databases: Entity-Relationship-Design (ER), Structured
Query Language (SQL) and database programming. Se-
cond, the World Wide Web (WWW): Design and structu-
ring of document collections, Hyper Text Markup Langua-
ge (HTML), Uniform Resource Locators (URLs), Hyper-
text Transfer Protocol (HTTP), Common Gateway Inter-
face (CGI) and Web server administration. Third connec-
ting databases to the WWW: Troubles with the state-
less HTTP, restrictions of the user interface (UI) through
HTML, techniques for connections (CGI, API) and inte-
gration (Oracle Web Server, Hyper Wave).

Within the laboratory the students have the follo-
wing tasks: Design of a small database with ER and im-
plementation with SQL. Some queries with SQL. Design
of a small document collection including a nice homepa-
ge. Connecting the database to the Web, creating some
dynamic HTML documents from the database on the y
and doing some update operations in the database using
the HTML FORM-interface.

The software used includes an Oracle 7.3.3 Server
on WindowsNT 4.0 on an Intel PC or Solaris 2.5 on a
Sun SPARC workstation, the Oracle Web Server 2.1 and
PL/SQL as server-side programming technique. The cli-
ent software necessary to pass the laboratory is just a
Web-browser.

3.1 The Interactive SQL Tutorial

The �rst part of the laboratory is an interactive SQL-
tutorial: Each group of four students gets an example
where 15 queries have to be solved on a given data struc-
ture. Figure 2 shows the welcome screen for one of these
examples: The data structure is given, including all base
relations and a short description.

After reading and understanding the data struc-
ture, the student can proceed to the �rst query task, whe-
re also the expected results are shown. Now it is time to
enter the �rst SQL query (�gure 3). Because the �rst try



Figure 1: User survey. The evaluation range was from 1 to 5 where 1 is best.

Figure 2: At the beginning the data structure is presented and explained.



Figure 3: First task and �rst SQL query.

Figure 4: Negative response to the �rst SQL query.



Figure 5: Second SQL query.

Figure 6: Positive response to the second SQL query.

Figure 7: Error message.



was syntactically correct but not a solution to the given
problem, we obtain a response as in �gure 4. After ente-
ring the correct SQL statement as in �gure 5, we receive a
con�rmation of the correctness (�gure 6). If one enters a
syntactically incorrect statement, we get an error message
from the database as in �gure 7. To determine, if the stu-
dent has entered a correct solution, we do not parse the
SQL input but rather compare the result of the student's
SQL request with the result of our proven SQL solution
statement executed on the same actual data. Figure 6
shows, how we provide alternative solutions afterwards, if
the student has already solved the task.

This provides the possibility of misuse, when a stu-
dent enters a SQL statement which is tailored towards the
expected results but only works on the actual data. Our
system does determine this statement as correct and pro-
vides alternative results as in �gure 8. But we save every
SQL statement which leads to a correct response into a
log �le and can later evaluate, if someone tried to cheat.

3.2 Database Backed Web Applications

The second part of the laboratory is to design and imple-
ment a small database and to implement database inter-
action from the HTML user interface, e.g. to insert a form
input into the database or to generate a Web page dyna-
mically from the database contents. The implementation
is done through PL/SQL programs located in the databa-
se. They are accessed through the Web Request Broker,
an Oracle speci�c interface between the Web server and
the database. This interface is CGI compliant but much
faster than the original CGI interface implementation.

To complete the second laboratory part another
Web interface is provided, which allows the execution of
any SQL statement to create and modify the data struc-
ture, the editing of the student's database contents, the
upload and compilation of the PL/SQL code and the
upload of static HTML pages and pictures. Again, the
only thing needed at the client side is a Web browser.

The complete labora-
tory is available at http://aki.ict.tuwien.ac.at/ in
both English and German. Only the second part of the
laboratory is restricted to authorized access, the �rst part
and the demo application are available without restriction
and everybody is invited to have a look at them.

3.3 Organizational Framework

The real outstanding feature of this laboratory is, that
there is no need to be present at the institute, which is ab-
solutely unusual at the Vienna University of Technology
in these days. For traditional reasons there are laboratory
hours, when the PC room of the institute is reserved for
the laboratory, because the other user rooms at the uni-
versity are sometimes overcrowded and not every student
has Internet access from home. Advanced students (tu-
tors) give assistance mainly through a mailing list, once a
week there are o�ce hours for personal contact. Thus the
lab can be passed from everywhere on the Internet, with

just a Web browser at the client side. For the students this
means the possibility to learn at their own speed, to learn
when and where they want (student centered learning).

For the lecturer this approach saves time and gives
the possibility to provide a much better examination at
the end of the laboratory. When formerly examination
was done by a written test or an anonymous protocol
delivery, where the students only got their ratings and no
real feedback on their work, it is now possible to give each
group of four students 90 minutes of a personal discussion
on their work, where it is mandatory to be present. This
in turn has signi�cantly increased the average rating of
the �nal examination of the whole lecture.

This large amount of time each student gets is just
another very unusual feature at TU Vienna, where too
few lecturers are in charge of too many students, nor-
mally leaving very few time of communication with each
student.

3.4 Technical Implementation: PL/SQL
and Java

The laboratory itself is implemented as database backed
Web application, using PL/SQL programs to generate the
Web interface pages automatically from the database con-
tents and to compute the user input data. The only di�e-
rence from the students' implementation is, that we have
to use dynamic embedded SQL rather than static em-
bedded SQL, because we have to pass the students' SQL
statements to the database and then include the results
in dynamically generated HTML pages. Thus the meta-
level of tutorial implementation uses essentially the same
technologies as the students have to use when completing
the tutorial.

The standard user interface of our tutorial has to
work with nearly any browser and platform and should
not depend on proprietary nonstandard extensions like
Plug{Ins or Active{X. Thus our user interface is restric-
ted to the possibilities of pure HTML. This concerns the
representation, but even more the user interaction: the
only functional elements are following a link, pressing a
submit button of a form or clicking on an image or image-
map. They always result in an HTTP (Hypertext Trans-
fer Protocol) connection. Ergo, any functionality resides
at the server side, implemented with PL/SQL.

Another problem arises due to the di�erent nature
of databases and the Web: HTTP is stateless [11] but
connection orientation is inevitable for real{life database
transactions. In our approach, we use short URL (Uni-
form Resource Locator) encoding for state maintenance:
the complete session state information is kept in the da-
tabase. With every HTTP connection, a short session
handle has to be passed back and forth between client
and server. This technique allows more than one concur-
rent session. To avoid misuse of the session handle, we
use encoded handles. As Netscape's Cookies [12] beco-
me standardized [RFC 2109 [22]] we can also use short
Cookies, but we do not depend on them.



Figure 8: The possibility to cheat is overcome by a logging mechanism.

In our implementation, a pure CGI compliant in-
terface between Web server and database server would
be su�cient. But for a sequence of HTTP connections,
CGI is rather ine�ective. This is due to the overhead of
spawning a new process each time which, in turn, opens
and closes the connection to the database. This perfor-
mance loss is normally overcome by two approaches [2].
A proprietary approach we do not use is to link server
programs directly with the Web server [NSAPI [19], ISA-
PI [17]]. Another approach is to prefork multiple proces-
ses, which the Web server communicates with and which
stay connected to the database. This is done with FastC-
GI [1, 16] by Open Market and the Web Request Broker
of the Web Application Server by Oracle [20]. Both ap-
proaches improve server performance, but only FastCGI
is a non{proprietary standard with easy migration from
CGI. The Oracle WRB is at least CGI compatible.

Using these techniques we have implemented our
SQL tutorial with PL/SQL procedures at the server side:
Every statement except SELECT and DESCRIBE is directly
passed to the database and the results are passed back
to the client. If a DESCRIBE statement is recognized, the
data dictionary is consulted and structural information
about the table or view (attributes and constraints) is de-
livered to the client. In the case of a SELECT statement,
we analyze the statement to build an appropriate result
structure. Then we pass the statement to the databa-
se, catch the result into our result structure and build a
HTML table to show the resulting table to the client in a
convenient way. If the input statement was syntactically
wrong, the database error is shown instead of a result.
We also execute our correct SQL statement to determine,
if the student's SQL statement is correct.

The Web interface for the second part of the la-

boratory is implemented almost the same way, but there
are some enhancements for a comfortable upload of static
HTML pages and images into the static Web structure in
the server's �le system including the possibility to create
and delete subfolders. Some of these parts are implemen-
ted with Perl scripts. Other parts of the user interface al-
low the upload and compilation of PL/SQL procedures, in
this case the result is either "ok" or a list of errors arising
during complilation. Also the error log �le of the server
can easily be displayed in the Web interface. Thus any-
thing needed to implement and debug a database backed
Web application and static Web pages including images
on a Web server is provided through a single easy-to-use
Web interface.

As an alternative implementation technique we ha-
ve provided the same functionality for the two parts of
the laboratory with two Java applets (also available on
the Web). We can summarize the following di�erences
between the Java and the pure HTML implementation:

User Interface The user interface design with Java is
more powerful but also more complicated than with
pure HTML. The usage of Java frames and dialogues
gives us the possibility to design a user interface with
menues, buttons, etc. like any other standard user
interface. With HTML the possibilities of the user
interface are more restricted { the user interface lacks
the possibility of constraints and event handling: An
HTTP session has to be performed before functional
dependencies or restrictions can a�ect other inputs.
To achieve this HTTP session, a submit button has
to be pressed explicitly. It is usually not enough to
�ll an input �eld or make a selection. Thus the user
interface cannot react directly on user input.

Performance and Load The Java applet has to be



downloaded �rst. Then the applet loads all the data
that remains unchanged during the whole excercise
from the database. Thus the usage of Java results
in a longer latency at the beginning but afterwards
takes some load o� the server and the network com-
pared to the pure HTML implementation, where a
lot of database transactions have to be performed on
every single user interaction. We will compare net-
work load, server load, overall performance and user
satisfaction of both approaches throughout the labo-
ratory.

File Upload The upload of �les from the local �le sy-
stem to the server is not possible with Java due to
the restrictive security model. Therefore we had to
build a combination of a server-side Java listener-
application and CGI perl-scripts to integrate the usa-
ge of a small HTML frame with a form upload into
our Java applet in an almost homogenous way.

Browser Compatibility: Can easily be achieved with
pure HTML. With Java browser compatibility has to
be tested carefully but is still possible.

Multi Media Integration: Images and other Multime-
dia content can be integrated in both approaches:
The advantage of Java is: There is no need for a pro-
prietary installation of PlugIns. Moreover Java ob-
jects are available for playing almost any multimedia
format available on the Internet.

Database Transactions: With pure HTML (even with
cookies) the connection to the database is stateless,
resulting in complex state handling and timeout me-
chanisms, which also compromises the security of
such a system. With JDBC or RMI connection orien-
tation can easily be achieved thus guaranteeing safe
transactions.

Server events and collaboration: For collaboration
it is necessary that the server can trigger an event
on the client side. With HTML Netscape has de-
veloped some extensions (server push, channels) to
implement active servers, but these are proprietary
and not widely used. On the other hand with Java
servlets an active server can be implemented (remote
method invocation over sockets without HTTP).

4 Results and Future Work

The feedback of the students was overwhelmingly positive:
The vast majority of the students (97%) liked the possibi-
lity to work at the laboratory anytime and anywhere, only
3% felt insecure and would have prefered a more restricti-
ve course. Almost the same percentage (95%) appreciated
the �nal discussion instead of having a written examinati-
on or an anonymous protocol delivery. Although getting
a worse rate for making many mistakes, they felt it was

a good chance to recognize their de�ciencies. This resul-
ted in better ratings at the �nal examination of the whole
lecture.

The possibility to work on the laboratory remote
from the Internet has some advantages: It saves time,
resources and organizational e�ort, leaving more time for
a very intensive and personal feedback discussion at the
end of the work. On top of that, on-line assistance is
done by email during the whole course to give answers to
problems arising during work.

By providing interactive tutorials and references on
the Web, only some very di�cult parts of the lecture ha-
ve to be held in the traditional way, face-to-face, whereas
many parts of easier but necessary theory can be given by
the Web leaving more time to use the lecture more intensi-
vely for questions and discussion with the students. So the
university could migrate back from an unpersonal mass-
university to a place, where students can discuss problems
and solutions with their lecturers in a more personal way.

Now we plan to change the educational system for
our institute signi�cantly. Whereas currently most lec-
turers use the traditional way and only few are even thin-
king about using the possibilities of these new technolo-
gies, the changes will be inevitable. From our experiences
we are sure, that the mentioned problems will be over-
come by time, when other lecturers recognize, that there
are possibilities to make even the best traditional lecture
better by sensible use of the new technologies.

In addition we plan to start national and interna-
tional cooperation on modern approaches to engineering
education especially with Finland, Norway and Spain.
These environments will be created using Web pages and
Java applets for interactive and non-interactive simulati-
ons and multimedia applications, but we will also provide
text versions on theoretical parts for download. For re-
mote student groups we establish mailing lists and video
conferencing, mainly desktop conferencing with remote
computer centers, and more remote laboratories. With
this approach to engineering education, which is new for
our department at the Vienna University of Technology,
we hope to create most e�cient learning and teaching en-
vironments, fostering creativity and excellence in order to
be ready for the already enhanced international competi-
tion.
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