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Abstract

During their university education students often acquire large amounts of theoreti​cal know​led​ge. For most of them, this knowledge remains passive and can not easily be ap​plied to solve real-world pro​blems. The learning en​vironment Munics aims at im​proving this situation by providing cases studies and supporting them in their en​dea​vors to apply their know​ledge to future workplace situations.

One common class of problems for IT professionals is optimizing the flow of information in orga​ni​za​tions. This class of problems requires proper modeling and teamwork as well as some understanding of the difficulties which arise when dealing with complex systems. Munics esta​blishes se​veral tasks which let students deal specifically with this class of problems.

From the students’ point of view, Munics consists of two parts: A multimedia-based de​scription of a case study and tools to solve exercises dealing with the case study. One of these tools, the Modeler Tool, is especially suited to collaboratively work on the class of problems mentioned above. Tools to sup​port learning groups form the basis for both parts.

In this paper we give an overview of the learning environment Munics. We espe​ci​al​ly focus on how stu​dents can use Munics to collaboratively model and analyze the flow of in​for​ma​tion in or​ga​niza​tions.
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1. Introduction

1.1 Motivation

Recent research has shown that university education in computer science in Germany does not ade​qua​tely meet the demands of computer science professionals. The students’ know​led​ge remains pas​si​ve and can not easily be transferred and applied to actual problems. 
In our project we want to im​pro​ve this si​​tu​a​tion at the “Technische Universität München”, Germany, by providing realistic case studies as a part of the students’ work. Our approach is to exploit recent trends of using com​puters, multimedia and the Web for improving learning and teaching processes. Fol​low​ing this idea, we have developed a Web-based integrated en​vi​ronment – Munics (Munich Net-bas​ed learning in Computer Science) – which supports students and teachers in working on case stu​dies in the domain of computer science. Thus the students shall learn how to apply their factual know​led​ge to future workplace si​tua​tions.

1.2 Related Work

In recent years there have been several attempts to provide electronic support for problem-bas​ed learn​ing. These systems often consist of multimedia-based problem descriptions com​bin​ed with some sim​ple tools (like a text editor with some templates) for working on the pro​blem (e.g. Albion and Gibson, 1998). Other systems provide additional support for com​mu​ni​ca​tion among learners and teachers (e.g. Nutha​lapaty et al., 1998), but there are still few pro​jects which go further than this.

Munics offers a more comprehensive concept for problem-based learning which includes support for dis​tri​but​ed learn​ing groups to enable collaboration, problem-based learning to pre​pa​re the stu​dents for real-world pro​blems and a sophisticated tool for analyzing various kinds of information flows.

2. Munics: Problem-based Learning in Computer Science

2.1 Theoretical Background

We chose Problem-based Learning as a basis for the design of Munics. Moreover, the design of Mu​nics was also in​flu​enced by the ideas of Cognitive Apprenticeship (Collins, Brown and Newman, 1989). Cog​nitive Ap​prenticeship em​pha​sizes social interaction as an integral part of successful learn​ing. Stu​dents and teach​ers dealing with the same subject set up a “community of practice”, promoting learn​ing by means of ex​change, discussion and reflection. 

The concept of Problem-based Learning considers learning as a constructivistic, social, active and self-di​rected process. During the learning process, the students themselves decide about their pro​ce​dures; neither the learning environment nor the teachers prescribe specific steps or speci​fic sub​tasks. But even when a learning process is self-directed, it must still be supported by the in​struc​tions of a teach​er. In a pro​blem-based learning en​vi​ronment, however, assistance from teach​ers needs to be well-ba​lan​ced with the activities per​form​ed by the students (Mandl, Rein​mann-Rothmeier and Gräsel, 1998).

Problem-based Learning in Cognitive Apprenticeship requires work​ing on a problem that is as close to a real world problem as possible, instead of dealing with theo​re​ti​cal concepts and well-prepared aca​demic exercises. The learners are confronted with different scenarios in which they have to apply their the​oretical know​led​ge. Thus they practice a flexible application of their know​led​ge and its transfer to dif​ferent real world problems.

During their learning process, the students stay in contact with other students and with their teach​ers. To​​gether they solve problems, discuss ideas and support each other in various ways. This process of so​​cial interaction en​su​res that cognitive pro​ces​ses and problem-solving strategies are articulated, be​come objects of re​flection and thus can be im​prov​ed.

During the course of the learning process, the learners themselves have to organize and direct their own problem-solving process in an active and self-guid​ed way. As they work, the students receive sup​port from their teachers. The more the stud​ents’ knowledge and abilities grow, the more the teach​ers with​draw their support, letting the stud​ents stand on their own.

2.2 Problem-based Learning in Munics

We designed Munics to follow closely the requirements mentioned above. In general, Munics con​sists of four main components: An interactive and multimedia-based problem pre​sentation, cognitive tools, basic support for collaboration among students and lecture notes avail​able online.

2.2.1 Interactive Problem Context

Munics is centered around a realistic case study: Inefficient dis​tribution of infor​ma​tion within a large or​ganization. When dealing with this case study,  we ex​pect the students to acquire the ability to hand​le com​plex and unstructured prob​lems and the abi​lity to design and enhance informational networks using spe​ci​fic groupware sy​stems.

The first step for the students is to inform themselves about the problem to be sol​​ved. Fol​low​ing the ideas of Pro​blem-based Learning we design​ed the pre​sen​tation of the problem for interactive use: The stu​dents them​selves decide which of the offered topics may be useful for solving the pro​blem. We there​fore call the pre​sen​tation Interactive Problem Con​text. The stu​dents are stimu​lat​ed to re​quest ac​ti​ve​ly the information they need, in​stead of just ab​sorb​ing pas​si​ve​ly what is present​ed.

2.2.2 Supporting Collaboration Among Students

Following the principles of Problem-based Learn​ing, we suggest that our stud​ents form small learning groups and try to solve the exer​ci​ses to​gether. Munics provides some basic tools in order to facilitate co​operative pro​blem solv​ing: An integrated chat tool, a do​cu​ment repository to fa​cilitate cooperative document mana​ge​ment and a shared blackboard. The students use these tools to organize their work, to dis​cuss ideas and to contact their teachers when they have questions or need assistance.

2.2.3 Tools to Support the Problem Solving Process

Munics also offers special tools to support the students’ cognitive activities and hence the pro​blem solv​ing process. Among those cogni​ti​ve tools, the Mo​de​ler Tool is the most important one: The Mo​de​ler Tool enables modeling, ana​ly​sis, simulation and visua​li​za​tion of the flow of information. Munics also allows the stu​dents to use external applications. For example, the students can use any text pro​cess​ing pro​gram for writing a report. We hope that the availability of familiar elec​tronic tools will pro​mo​te crea​tivity and un​restrained pro​blem solv​​ing.

2.2.4 Lecture Notes Available Online

The authentic problem we present the students in Munics is clo​sely tied to the lectures “Com​pu​ter Sup​port​ed Cooperative Work” and “Distributed Pro​blem Solving” which are taught at the “Technische Uni​versität München”, Germany. For both lec​tures, lecture notes are avail​able online via the Web. Munics offers links to these lecture notes, so the students can quick​ly access background information and theoretical concepts they need to solve the pro​blem. In a sense, the lecture notes can be regarded as an expert who stu​dents consult in order to get background know​ledge and hints.

3. The Learning Envi​ron​​ment Munics
From the stu​dents’ point of view, the two most important components of Munics are the Interactive Pro​blem Con​text and the cognitive tools. The Interactive Problem Context provides a framework for all exercises. Furthermore, the In​teractive Problem Con​text is the stu​dents’ main source of information re​garding the pro​blem and the exer​cises. The cog​ni​tive tools as​sist the students during the solving of the exer​ci​ses.

To enable a collaborative problem solving process, Munics must offer tools for diffe​rent kinds of com​mu​nication (synchronous and asynchronous). These tools do not assist the learn​ing process it​self, rather they help the students to or​ganize their work​ing process.

In the following we present Munics in a bottom-up manner: First we give an overview of how Munics sup​ports learn​ing groups. Then we present the Interactive Pro​blem Context and one important cog​ni​ti​ve tool, the Mo​​deler Tool. We especially focus on how stu​d​ents can use the Modeler Tool to visualize and ana​lyze the flow of information in organizations.

3.1 Tools to Support the Collaborative Learning Process

Munics offers a shared blackboard for all Munics users. This shared blackboard has roughly the same func​tio​na​lity as Usenet-News, but is re​strict​ed to Munics users. It provides a forum for general an​noun​ce​ments and questions which may be of interest to all Munics users.

The integrated chat tool can be used for online discussions. To pro​vi​de pri​va​cy, all par​ti​ci​pants of a dis​cussion must be members of the same learn​ing group. Usually, a discussion is quite dif​fe​rent when the participants know that a tutor is lis​​tening, as compared to when the students can be sure that there is no “Big Brother” around. As a consequence, we prevent the tutors from participating in dis​cus​sions with​out the students’ consent. When a student would like the tutor to join the dis​cus​sion, the student must hit the “Tutor Button” in the chat tool. This enables the tutor to par​ti​ci​pa​te in the discus​sion.

Munics also provides access to a shared document repository. Currently, every learning group has its pri​va​te BSCW workspace
. We plan to replace BSCW with a document ma​na​gement system based on Lotus Domino in the late fall of 2000.

3.2 “Fun and Action”: Information Gathering as Adventure

Most of today’s learning environments provide the students with relatively small and well-pre​par​ed exer​cises which often can be done without further preparatory work. But real problems are usu​al​ly not that easy to solve: Most real problems are unstructured, and even the task may not be well-defin​ed. We therefore tried to present the problem to our stu​dents in an unstructured way as it would be found in the real world. To motivate the students to actively gather all of the information which they need to solve the exercises, we de​sign​ed the presentation of the problem (the Interactive Problem Con​text mentioned in 2.2) as an  “ad​ven​ture”. Instead of treasures, the students col​lect infor​ma​tion.

The students can walk around in a virtual department and visit employees. In a way ana​lo​gous to the si​tuation of an IT professional in the real world, the students con​duct in​ter​views (figure 3.1) and col​lect objects (e.g. charts, documents) which are hand​ed out by the in​ter​viewees and which may pro​vi​de some background information.
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Figure 3.1: Scene of an Interview (Screenshot)

Each interviewee explains his or her personal view of the problem, giving one or more pieces of a mo​saic which make up the problem as a whole. The answer to one question may raise new quest​ions, and so forth. The more questions the students ask regarding one specific topic, the more detailed the ans​wers become. Some details may be useless, others may be very im​por​​tant. It is the students’ task to de​ter​mine which information is essential for solving the pro​blem.

3.3 Analyzing the Flow of Information in Organizations

3.3.1 Aim of the Modeler Tool

In the kind of case studies which we present to our students, we often have to deal with dis​tri​but​ed sys​tems, especially groupware systems. Our aim is to give our students a feeling for the ad​van​tages and dis​advantages of selected groupware systems and the organizational set​tings in which these sys​tems perform efficiently. The case study mentioned in 2.2 defines the organizational sett​ing in which the group​ware sys​tems are to be integrated as smoothly as possible. It is the students’ task to evaluate which groupware sys​tem fits best to a given organi​za​tio​nal setting and to integrate this groupware sys​tem into the current workflow.

Munics provides a special tool, the Modeler Tool, which the students can use to model and analyze dif​fe​rent kinds of workflows and informational networks, for example the information flow bet​ween the em​ployees in an en​terprise or the flow of TCP packets between a server and client appli​ca​tions.

3.3.2 Modeling of Informational Networks

Basic Concept: Directed, Attributed Graphs: In the Modeler Tool, real-world informational net​works are modeled as directed graphs: The com​po​nents which receive, submit and process information are the vertices, the connect​ions bet​ween these com​ponents are the edges. Since we make no as​sump​tions about the complexity of com​ponents and their connections, this con​cept is fle​xible enough to mo​del very different kinds of in​for​ma​tio​nal net​works. Figure 3.2 shows an ex​am​ple of how such a graph in the Mo​de​ler Tool might look.
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Figure 3.2: An Informational Network in the Modeler Tool (Screenshot)

Each vertice and each edge has attributes as​sign​ed to it. These attributes are defined by the pro​per​ties and the behavior of their real-world counterparts. Imagine a scientist who sends a pa​per proposal at​tach​ed to an email to a publisher. The scientist and the publisher would be modeled as vertices, con​nect​​ed by an edge of type “email”. Attributes of the compo​nent “publisher” could be the publish​er’s name or the fre​quency of checking his emails (both at​tri​butes are defined as static properties in our model), or a de​script​ion of the pub​lisher’s re​view​ing pro​cess (de​scrip​​tion of behavior).

For most real world informational networks we want to observe, the classic view of a graph – vertices and edges – is far too abstract. We therefore divide the vertices into two classes: actors and tech​no​lo​gies: Actors model all people who work with information, and we call all hard- and software which the ac​tors use technologies. A systems engineer, for example, would be modeled as an actor. The in​for​ma​tion systems he uses (mailing lists, databases, etc.) would be modeled as technologies. Actors are very fle​xible in changing their attributes; it is even possible that one actor asks other actors to modify their at​tributes . For technologies, access to attri​bu​tes is more restricted: It is not possible to change at​tri​bu​tes which define the tech​no​lo​gy’s behavior.

Edges in the graph model the flow of information between actors and/or technologies in the real world. To stress this, we call edges connections.
In the following we use the term component when we do not want to distinguish between actors and tech​nologies; in all other cases we use the appropriate term, actor or technology.

In some cases, the pre-defined components may not be suitable to the specific needs of the students. In this case the students can use generic components. Generic com​po​nents allow the students to set every at​​tribute without any constraints and thus can be used to model nearly every kind of actor or tech​no​lo​gy. Depending on the exercises, however, the use of generic components may be not allowed.

Collaborative Modeling of Informational Networks: The students can model informational networks by adding or deleting components (actors and tech​no​lo​gies), con​nect​ing or disconnecting components (via connections) and changing attributes of com​po​nents and connections. For fast and easy modeling, the Modeler Tool offers features like se​lect​ions of more than one component and a clipboard (Cut, Copy and Paste).

As stated in 2.2, cooperation among students is one of the key aspects of Munics. The Modeler Tool forms a shared workspace in which members of one learning group can construct informational net​works: All members of a learn​ing group see the same picture and work on the same data. This pro​vi​des stu​dents with the awareness necessary to coordinate their work with the Modeler Tool and should make it easier for them to develop a common un​der​stand​ing of the problem.

If the students were to rely only on the basic communication tools mentioned in 3.1, con​flicts bet​ween learn​ing group mem​bers would probably occur, for example when two mem​bers of the same learn​​ing group try to change at​tri​butes of the same component. To avoid conflicts like this, the Mo​de​ler Tool sends signals to all learn​ing group members as soon as one mem​ber of that learn​ing group se​lects a com​po​nent or a con​nection
. When another Modeler Tool re​ceives such a sig​nal, it marks the se​lect​ed com​po​nent as currently in use. For example, in fi​gu​re 3.2 actor “Frau Huber” is currently in use by a stu​dent named “Jürgen Hartmut Koch”.

Components and connections that are currently in use by a student are not locked; con​flicts between learn​ing group members are still possible. Instead of locking mechanisms, we prefer op​ti​mistic con​cur​ren​cy control by providing awareness who currently uses which component. This gives the stud​ents more freedom when constructing informational networks (all components and con​nec​tions can be modified) and fosters team work. First tests showed that collaborative con​struction of in​formational net​works in the Modeler Tool is rather efficient. During the tests we ob​serv​ed no severe con​flicts.

3.3.3 Modeling Constraints and Behavior of Actors and Technologies

Modeling Constraints of the Real World: Some attributes play an important role for the construction of a model of an informational network: They de​fi​ne which types of connections a component (actor or technology) may accept or emit, and thus im​ple​ment con​straints on which types of connections are allowed between certain components. This allows us to model the fact that, for example, a factory worker who (in the real world) has no email ac​count at his work​place cannot accept or emit co​nnect​ions of type “email”.

In real life, it is usually not possible for a consultant or IT professional to modify all properties of eve​ry tech​nical system or to change the behavior of all people. For example, it is not acceptable to “force” a CEO to check her email every two hours. When the students have to model real-world si​tu​a​tions un​der​lying such constraints, we must make sure that the stu​dents can modify only those attri​bu​tes which they could also change in real life. Therefore, the Modeler Tool allows the teachers to mark cer​tain at​tri​butes as “read-only”. These attributes cannot be changed by the students.

Using Rules for Modeling Behavior: Every actor and every technology contains special attributes which define the behavior of that actor or tech​nology. These attributes contain sets of rules.

Every rule consists of an If-Part and a Do-Part: The If-Part holds a set of Bool​ean con​di​tions, eval​uat​ing the component’s attributes. If the evaluation of all conditions shows to be true, the Do-Part, an un​structured list of actions, will be executed. The If-Part may be empty. In this case, the Do-Part will al​ways be executed. The Do-Part contains a list of actions. Actions can change or delete existing at​tri​bu​tes of that com​po​nent, create new attributes, send various types of messages via one or more con​nec​tions to other com​po​nents, pro​cess mes​sages re​ceiv​ed from other components, etc. Rules can look like this:

if
  $(“paper_already_finished”)==“false”
  time()<20001015
do
  send “paper_draft=true” to “Pamela” via “email”
  set $(“waiting_for_comment”)=“true”

Modeling the Flow of Information: The flow of information between two components is modeled by mes​sages which are transmitted over con​nections. Sender and receiver must be linked by a connection.

Attributes of connections define how fast messages are delivered, how many messages can be trans​mit​ted simultaneously over that connection and how many messages will – probably – be lost due to trans​mis​sion er​rors. Attributes of the receiving component specify when the component checks for new mes​sages and how certain it is that this check is really performed. This allows the students to mo​del an amount of un​cer​tain​ty with respect to message handling.

A component can send different types of messages. We currently implemented message types re​quest, reply, info and teach. While request, reply and info have well-known semantics, teach offers a way to transfer behavior: The content of a teach message consists of a rule which the receiver of the message may incorporate into its own set of rules, extending its own repertoire of behavior.

When a component receives a message, some special attributes of that component are set auto​ma​ti​cal​ly: These attributes describe, for example, the message type, the name of the sen​der, and the message con​tent
. These attributes can then be processed just like any other attribute, and it is fairly easy to write rules which model how a component reacts when receiving certain messages.

3.3.4 Analyzing Informational Networks by Visualization and Simulation

Analysis Modules: Once the students have defined a graph modeling a real-world informational net​work, they can use dif​fe​rent methods to analyze the graph regarding its static properties and dynamic be​ha​vior. The Modeler Tool provides analysis modules to analyze both static and dynamic as​pects of the informational net​work. An analysis mo​du​le encapsulates one specific analysis me​thod. Currently, we provide two dif​fe​rent kinds of analysis modules: Modules which analyze static properties of the in​for​mational network, for example the maxi​mum delay of a message from one component to another, and modules which si​mu​late the behavior of the informational network, for example chan​ge of at​tri​butes over time.

The results of the analysis of the static properties provide hints as to whether or not an infor​ma​tional net​work ful​fills certain requirements which have been postulated by the exer​cise de​scrip​tion.

Simulating and Analyzing Behavior: The Modeler Tool allows the students to simulate the behavior of the informational network using the si​mulation modules mentioned above. The behavior of the in​for​ma​tional network can be simulated step by step, waiting for user interaction between each two steps, or in slow-mo​tion where the students can set the delay between two steps and then run the simulation. In con​trast to modeling informational net​works, simulation is not cooperative; each student may run his or her own simu​la​tions. This makes it easier for distributed learning groups to analyze various aspects of an informational network with​in an acceptable timeframe.

A step in a simulation is a sequence of three tasks: In the first task, all connections are scanned to see if they con​tain mes​sages which can be delivered in this step. Whether or not this scan is really performed for a specific actor de​pends on the attributes describing that actor’s mes​sage handling. If there is at least one mes​sa​ge, the cur​rent actor retrieves the first message and sets some attributes as mentioned in 3.3.3. Only one message per actor is retrieved. In the second task, the rules of all components are in​spect​ed: For each component we check all rules; if all con​di​tions of a rule are true, the actions of that rule are executed. This usually results in a change of the component’s attributes. In the last task, the user interface is updated: All connections which have transmitted messages are mark​ed green and all con​​nect​ions which have lost a message are marked red.

When simulating an informational network’s behavior, the stu​dents can see if an infor​ma​tio​nal net​work works as desired. Dy​na​mic aspects like the reliability of con​nec​tions are handled, and so​me​times a re​de​signed in​for​mational network which – in theory – should work quite well does not per​form that well when unexpected influences occur, for exam​ple unexpected de​lays in mes​sage deli​very caused by over​load of a certain component.

To detect such flaws in the design of an informational network, the Modeler Tool provides mo​nitors, small mo​du​les which can be used to observe specific aspects of de​di​cated com​po​nents of the in​forma​tio​nal network. For example, we implemented a “load meter”, a monitor si​mi​lar to the Unix tool “xload”. This monitor allows the students to ob​ser​ve the “work load” of a compo​nent. Monitor mo​du​les are updated regularly after each step.

4. Future Directions

At the end of the summer term 1999 we tested the first prototype of Munics. We are currently working on a second prototype of Munics, improving all the aspects that were cri​ti​ciz​ed in the test of the first pro​to​type. For example, this new version  has a completely re​de​signed user in​​terface (see screen​shots in section 3) and it al​lows the stu​dents much more fle​xi​bi​li​ty in mo​del​ing informational net​works.

The next step will be to integrate Munics into ModuVille (Teege et al., 2000), an en​vi​ron​ment which co​vers all aspects of virtual
 learning: Videos of “real” lectures available on​line, modular and reusable lec​ture notes, etc. Munics is supposed to be an environment for prac​tical training within ModuVille. Our aim is to build a com​pre​hen​si​ve environment for both, stu​dents and teachers, for virtual learning on “Computer Supported Co​operative Work” and on “Hypermedia Sys​tems”. 
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� BSCW supports folders, versioning of docu�ments, organization of meetings and some basic aware�ness services. For details on the BSCW system, see (BSCW, 2000).


� Before one can change attributes, etc. of a component or a connection, that component or connection must be se�lected. Opening a com�po�nent’s or connection’s context menu also selects that component or con�nection and thus auto�matically sends a signal.


� A message’s content is always an expression of the form <attributeName>=<attributeValue>. The re�cei�ver of a mes�sage can recognize <attributeName> and <attributeValue> and set its own attributes ac�cor�dingly.
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