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Abstract

Preventing the time- and cost-consuming travel to practical courses in computer science for students
at the FernUniversititdt (Open and Distance University) Hagen we have developed an Internet-based
virtual laboratory (VILAB). There the students have access to complex software-tools and have to
solve problems in different domains. During the problem solving processes the students get support
by an interactive tutoring component. Based on the actions of the students during their work in
VILAB, on the analyses of solutions or parts of them, and on a student model this tutoring component
gives at once individual feedback. Additional support can be given by newsgroup, emails, or manuals.
For regular teaching VILAB is used since summer 2002. The first results of our evaluation have
shown that our learning environment has motivated the students, the solutions of the students are
improved, and learning inside of VILAB was effective.

1 Introduction

In former times it was common at the FernUniversitit that text courses were teached in distance and
seminars and practical courses took place at our university. However, due to the personal situation of
our students (work, family, disability, etc.) and economic aspects (travel costs, unproductive time of
travelling) they have the demand to reduce the time in which they have to be present on the campus of
the university. On the other side there is the problem of the sometimes feeled isolation during self-
studies and the request for more communication and feedback during their learning and working on
exercises.

Answering these demands we have realised a new concept of practical courses using the virtual
mobility created by the Internet, new ways of communication, and modern technologies for teaching.
To reach this aim for the field of applied computer science we have developed a virtual learning
environment. It based on the concepts of laboratories used for the education in natural sciences. In
these labs the students are guided by a curriculum to several different experimental stations. There
they can work on exercises and additionally, can test and deepen their theoretical and methodical
knowledge getting support by an assistant. This paradigm is used for the realisation of our Internet-
based learning environment for the education in applied computer science at our university. Therefore
we have called it “virtual electronic laboratory” (VILAB?Y). Its functionality is described in section 2.
To integrate functions of a personal human assistant of a real lab into our learning environment, to
support the students, and not to leave them alone with problems during a session in the virtual lab our
interactive tutoring component described in section 3 is implemented in VILAB. Analogue to
traditional practical courses the learning content in VILAB used for our practical courses in distance
is divided in several stations inside of the lab. There the students have access to several software
tools, on which they work on their experiments and problems (section 4). The learner perspective is
given in section 5. In section 6 we present our evaluation results and close with a conlusion about the
kinds of support for learning we offer in VILAB.

! http://pi 7.fernuni-hagen.defvilab/



2 Workingwith VILAB

2.1 Architecture

VILAB is realised in a client-server architecture in which the Linux-based server is operated at the
FernUniversitit in Hagen (s. Fig 1). The server saves the content of the lab and manages the display
of content via a navigation tool for the students. The server also harbours the tutoring component
(section 3) and the software-tools and provides the communication infrastructure to databases and
WebAssign®. The access to the server is managed by decentral user clients (Windows- or Unix-based
computers) which must be connected with the Internet. Via remote-login to the server the students are
directly routed to a navigation tool which is one of the two user interfaces. After a login the server
starts a new instance of the lab and the send/receive system of the tutoring component. Thereby the
students cannot get access (intended or not) to the Linux-system of the server. For the display of the
content of the lab the student has to open a browser on his client with an individual URL as second
user interface. Via navigation tool local hypertext or PDF documents as well as documents out of the
WWW can be selected by buttons. An action which shall lead to a display of a hypertext document
result in an automatic reload in the browser of the user. This is realised by loading local documents in
the individual directory of the user inside of VILAB and copying them to the URL of the user. PHP
scripts inside of the hypertext document notice the change of the content in the user’s URL and start
the reload. In this way it is possible that actions on the server indirectly control the browser of the
client. Documents of the WWW are embedded in a frame so that higher-level PHP-scripts can manage
also the display of this kind of documents in the browser of the user. Via navigation tool the software-
tools installed on the server can be activated. These tools can communicate via sockets with the
tutoring component leading to the fact that every user have individual ports for this socket
communication. Since every user possesses individual URLs, directories and ports inside of VILAB it
is possible for the system to manage handling, saving, and display of data of many users at the same
time.

2.2 User access

Realising the access to the learning environment to the students it is important to support the different
client operating systems. The remote-login to the server of VILAB (via ssh to the navigation tool) is
for students using Unix-like systems (e.g. Linux) trivial. Windows user have to install the open source
packages cygwin and xfree86.4.X to get the analogous Unix functions needed for the access. The
students can either download these packages from our web pages or ask for a CD produced at our
institute and containing all needed software packages. Additionally, we demand for the client only a
x86 processor and any standard browser (e.g. Netscape or Explorer).

The exclusive use of a browser environment seems to be simpler at the first glance, especially for the
Windows user, but there are some large disadvantages. Since one of our main purposes is the
integration of software tools to get practical experience, in this alternative variant we had to rewrite
the tools as Java-Applet (in fact this is not possible due to the complexity of tools) or had to run the
tools within commercial systems redirecting in- and output interfaces of the tools to a Java-Applet. On
the other side the access to VILAB via ssh has the advantages that the reaction time of the tools is
much smaller, all existing tools for Unix can easily be integrated in our learning environment, and we
have large technical freedom for the realisation of our didactical concept. Offline working with a CD-
ROM is out of discussion since some tools need the Internet access (communication with other
systems), collaborative work would be excluded and access to databases for generation of adaptive
feedback would not be possible. If students like to work offline they have also in the realised remote-
login variant the possibility to download all text documents of VILAB.

2 WebAssign is an established online system for standard exercises (e.g. multiple choice) with modules for
automatical correction of such standard exercises. Aditionally it allows the integration of further modules for the
analysis of more complicated problems[2], [7]. This systemisintegrated in VILAB in such away that users of
the lab do not notice when they work with functions of WebAssign.
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Fig. 1. Architecture and functionalitiesin VILAB

3 Tutoring component

While a student is working on an exercise or in a software tool, the send-receive system of the
tutoring component has the functions of the error diagnosis and correction. Additionally, the tutor
saves the student’s result of an exercise, which was requested for correction, via the WebAssign
system or the software tools. In this way the student starts every new editing of an exercise with his
last result and a teacher has the possibility to examine results of the students. Depending on the
learning target a possibly existing model result can be presented to the student. However, in most
cases an analysis of the student’s solution based on tests, comparation(s) with model solution(s), or
methods using the artificial intelligence (e.g. rule based systems or inferences) is didactically better.

3.1 Error Diagnosis

Diagnosis means in this context the decision whether a solution is correct or not and to find out what
and why something is wrong or incomplete. The tutoring component has an passive and an active
error modus for two different kinds of problem solving support which are discussed in analyses of
ITSs (Intelligent Tutoring Systems) [3]. In the passive modus (“intelligent analysis of student
solutions”) the send-receive system of the tutoring component has to identify errors from the student’s
final result after he has requested for a correction. This modus is needed for the non interactive
(therefore the term “passive”) programs (e.g. SQL, Java) in which errors are only detectable by a
complete analysis of the student’s input. This analysis is realised by correction modules and possibly
following processes. The output of such an analysis integrating also an student model (Fig. 1) is an
error code with accompanying parameters. The student model is based on data collected during the
student’s work in the laboratory and saved in a MySQL database. In the active modus (“interactive
problem solving support”) the send-receive system of the tutoring component does not wait for the
student’s final solution. If an interactive software tool detects an error, it sends at once the specific



error code with accompanying parameters to the send-receive system of the tutoring component.
Thereby the student is provided with intelligent help on each step of problem solving.

3.2 Error Correction

The error correction has the goal to show the student how to remove the errors asserted in the
diagnosis by identification of missing or incorrect knowledge which is responsible for errors. The
overriding goal of the tutor is the finding of the logical errors and not the complete listing of syntax
errors as in standard program diagnosis systems. The error correction and the proposals for the
problem solving are also embedded in the error codes and the accompanied parameters. These codes
are processed by the send-receive system of the tutoring component with an error table. Every error
code leads to the display of hypertext documents which are individually modified by Javascript
variables extracted out of the parameters. The content of the documents includes several elements (not
aways al elements): a statement about the correctness of the solution, an error list, a description and
explanation of possible errors, hints for improvement of solution and for the avoidance of errors, a
listing of useful literature or lectures to derive lacking knowledge, example of similar exercises,
possibly graphical information (in software-tools), an assessment of the student’s performance, and a
motivation [10]. In this way the students get adaptive feedback to their individual solution.

4  Practical courseswith VILAB

Conception and platform are nearly independently developed from the teaching content. In this way
new laboratory stations, which contain the content, can be added and further Unix-based software
tools can easily be integrated. Currently there are five stations in the laboratory: Programming with
the languages Java, C, Prolog, and Scheme (procedural, object orientated, functional, and logical),
neuronal networks, relative databases, as rule based systems (semantic networks and natural language
transformation in SQL), and computer linguistics. Every station has a main page giving information
about purpose of the station, background, reference to other stations, and an overview about the
exercises and software tools (e.g. request on databases, constructing neuronal networks with the
SNNS? [12], or transform natural language information in semantic networks using the graphic
knowledge engineering tool MWR* [4]) in the station. The exercises are divided in in learning targets,
description of the task, relevance of the exercise for the field of knowledge, knowledge background
for solving the exercise, helpful literature, description of the required software tools, characteristics of
the solution, and kind of control/help by the tutoring component. The solutions can be standard tests
(e.g. MC, numbers, correlations, etc.), free texts (programme code, SQL-queries, rules, etc.), or
graphical solutions (e.g. networks created with the software tools).

In a practical course the students have to solve certain exercises of different stations in several month.
How they reach the solution depends on themselves. The students can either read the given literature
to the problems or get practical experience by free work with the software tools or directly work on
the given exercises and problems with the interactive tutoring help. After the deadline for the work in
VILAB is over the teacher controls with the help of the tutoring component the solutions and gives a
final feedback. However, since the students know the comments of the automatic tutoring component
they will almost know the final remarks of the teacher.

3 SNNS: Stuttgart Neuronal Network Simulator

* MWR (MultiNet-Wissensrepriisentation) is a software tool for the graphic representation of MultiNet terms. In
this graphic environment the terms can be produced, displayed, and manipulated. MultiNet (multilayered
extended semantic networks) is a paradigm of knowledge representation created for knowledge processing and
specially for the semantic representation of natural language information [6].



5 Learner perspective

During practical courses with VILAB students are supported in different ways depending on their
kind of questions and problems. The accessto VILAB is described in a manual (PDF) step by step. If
there still exist problems students can write emails to the administrator. For the navigation inside the
learning environment they can use aso the help of the manual, however, the navigation is very ssmple
so that in fact the students do not need help. Every exercise and its background is explained in detail
(s. previous section) so that there is no misunderstanding. Neverthelessit is possible to ask the teacher
via email for more information. If students have not enough knowledge to solve an exercise there are
links to literature in the system or in the WWW. For the use of the required software tools there are
embedded manuals and FAQ lists. The format of the solutions of exercises is explained and examples
given so that there is no problem to construct an adequate solution. A request of an analysis of a
solution results in the immediate (few seconds) display of the feedback of the tutoring component (s.
section 3). Wrong solutions lead to automatically produced and adaptive suggestions concerning the
improvement of the solution:

» linksto literature dealing with knowledge which seemsto lack
* linksto examples of similar exercises
» information about errorsin the solution

Adopting these suggestions students can enhance their solution and resend it afterwards. Subsequent
feedback (based on individual student models including the former feedback) is again the result. A
few or alot of steps of such an interaction are possible until the solution is correct. If students want to
have other support than the interactive tutoring component is giving, they can use a special newsgroup
to ask for help or send an email to the teacher of the practical course. The last two kinds of the
communications can also used for questions concerning functionalities inside of VILAB. However,
since the students can only select between navigating, reading of exercises, working on them, opening
of documents, working with software tools, asking for automatical analysis of solutions, and saving of
solutions (Fig. 1) the functionalities are straightforward. Therefore there is no need for automatical
help inside of VILAB regarding functionalities. The core of VILAB is its tutoring component for the
analysis of exercises. Since its feedback includes all actions of the learning system which are possible
it isassured that the students take full advantage of the options of the system.

6 Evaluation

The first use and the didactical testing took place in summer 2002 with concrete content of the field
applied computer science. Since this summer term VILAB is used for teaching at the FernUniversitit
Hagen. However, VILAB is not only used in practical courses but also in seminars to deepen the
students’ knowledge about the individual themes (e.g. about themes correlated with software-tools,
the software-tools themslves, elearning, or tutoring systems) and for self-assessment in addition to
textual courses.

Results of evaluations (questions to students) show that the system works stabile, the installation of
the free software for Windows user and the access to VILAB is easy and the reaction times of the
systems are very small (even with 56k modem). The students like the kind of learning with VILAB,
since they have a lot of freedom. The design and navigation inside of the learning environment is
“good” and functional. As supposed from the view of the students the interactive tutoring component
was very important because of

* its help during the finding of the correct solution
e its motivation to find the right solution

* the possibility to learn with its fast automatic feedback



The tutoring component was so effective that newsgroup or email to the teacher of a practical course
were almost not used. These communication methods were also not used because functionalities were
not understood. From the view of the teacher the most imortant point is that the students have learned
more compared to former courses without VILAB: The students’ solutions of the exercises are very
good. There are more students who finished their practical course successful. Self-assessment was
connected with better results in examinations and working in VILAB resulted in better seminar talks.
Additionally, a lot of students wanted to write their diploma thesis in the field of VILAB.

7 Conclusion

VILAB is an Internet-based learning environment training practical skills in computer science by
working with complex software tools. The students get practical experience by the problem solving of
different exercises and the help of an interactive tutoring component, which motivate them to search
for the right solution of a given problem.

The students get different kind of support for learning by VILAB:

* Solving of problems is supported by the interactive tutoring component.

* The individual style of learning is supported because the way of learning is not determined.
Reading of knowledge backround, collecting practical experience, and solving of problems
can be mixed and build many learning circles.

* Saving of knowledge is supported. Coached learning by doing on practical exercises leads to
a transfer of theoretical knowledge into practice and strategies for solving of concrete
problems. Together with the monitoring of the learning success this is more successful than
pure reading of texts [9], [5], [1].

* The motivation of learning is supported by help and comments of the tutoring component.

* VILAB supports the access to software-tools and databases which otherwise they could not
use from home (installation to complicated, no rights of use, tools need too much disk space,
wrong operating system, etc.).

* The indivual demand for self-determination is supported. Via Internet the students can work
independently of space and time.

An integration of collaborative software tools with corresponding exercises and tutoring feedback in
the future will also train the social skills during problem solving in groups. This training is a very
important educational aim inside of practical courses since collaborative working is mostly used in
companies.
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