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nur unter Verwendung der angeführten Literatur angefertigt habe.

Torsten Reiners



Erklärung zum Promotionsvorhaben
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Zusammenfassung der kumulativen Dissertation

Operations Research und Simulation in SmartFrame

Die kumulative Dissertation beschreibt in 13 Fachartikeln die Entwicklung der innovativen, mo-
dularen virtuellen Lernumgebung SmartFrame vom (didaktischen) Konzept bis zur eigentli-
chen Umsetzung sowie Anwendung in unterschiedlichen Szenarien. Darüber hinaus wurde an-
hand der Fachgebiete Operations Research – hier insbesondere das Teilgebiet Meta-Heuristiken
– und Simulation durch Schaffung spezieller Lerninhalte im Rahmen von Veranstaltungen die
Anwendbarkeit in Hauptstudiumsveranstaltungen aufgezeigt und durch mehrere Evaluationen
belegt.

Grundlage für die Fachartikel war die wissenschaftliche Mitarbeit am BMBF-ProjektVirtuelles
Studienfach Operations Research/Management Science (VORMS; Projektnummer:
01NM094D.). Ursprünglich als reines Projekt zur Entwicklung von Lerninhalten ausge-
schrieben, wurde ausgehend vom technologischen Stand Anfang 2001 im Bereich e-Learning
und den anvisierten Zielen in Bezug auf die Umsetzung innovativer Konzepte und Techno-
logien das Projektszenario um die Konzeption und exemplarische Umsetzung einer virtuellen
Lernumgebung erweitert und entsprechend im Prototyp SmartFrame realisiert. Ein zweiter
– in die kumulative Dissertation einfließender – Forschungsbereich ist die bereits in der
Diplomarbeit begonnene Entwicklung und Anwendung von Algorithmen im Bereich Maximum
Likelihood Clustering; hier mit dem Schwerpunkt auf die unterstützende Auswertung von
(allgemeinen) Experimenten. Der Bezug zum e-Learning und die damit einhergehende Verwen-
dung innerhalb meiner kumulativen Promotion ist durch die Ausrichtung der Lerninhalte im
Bereich Meta-Heuristiken gegeben und als Konzept Bestandteil von Fachartikeln



Fachartikel

Mit der kumulativen Dissertation eingereichte Fachartikel

Veröffentlichungen in Zeitschriften:

• Experiments with, and on, Algorithms for Maximum Likelihood Clustering (mit
D.L.Woodruff). Computational Statistics & Data Analysis 47(2), 237–253 (2004)

• Teaching Meta-Heuristics within Virtual Learning Environments (mit S.Voß). Inter-
national Transactions in Operational Research 11, 225–238 (2004)

• Die virtuelle Lernumgebung SmartFrame: Kodierung und didaktische Aufberei-
tung von Lernmaterialien durch Lernobjekte (mit D.Reiß, I.Sassen, S.Voß). i-com 3,
27–35 (2003)

Beiträge in Konferenzbänden:

• Synchronized Blended Learning in Virtual Learning Environments (mit C.Frank,
I.Sassen, L.Suhl, S.Voß). Eingereicht bei der E-Learn 2005 (2005)

• Supporting the Authoring Process of Hierarchical Structured Learning Material (mit
D.Reiß). In: Proceedings of Ed-Media 2004. World Conference on Educational Mul-
timedia, Hypermedia & Telecommunications, Lugano, Switzerland 2004. 917–924
(2004)

• Instructional Design and Implementation of Interactive Learning Tools (mit I.Sassen,
B.Paschilk, S.Voß). In: Proceedings of Ed-Media 2004. World Conference on Educa-
tional Multimedia, Hypermedia & Telecommunications, Lugano, Switzerland 2004,
1918–1921 (2004)

• Simulation und Meta-Heuristiken als Bestandteil quantitativer BWL-Ausbildung:
von der Technik zur Anwendung (mit D.Reiß, I.Sassen, S.Voß). In: L.Suhl und
S.Voß (eds.) E-Learning in Wirtschaftsinformatik und Operations Research. DSOR
Lab/BoD, Paderborn, 77–115 (2003)

• Instructional design of interactive learning modules by example of a special flow shop
problem (mit R.Eisenberg, I.Sassen, S.Voß). In: A.Palma dos Reis und P.Isaias (eds.)
e-Society 2003 Proceedings, Volume 1, Iadis, Lisabon, 520–527 (2003)

• SmartFrame: An integrated environment for XML-coded learning material (mit
D.Reiß, H.Schulze, S.Voß). In: W.Uhr, W.Esswein und E.Schoop (eds.) Wirtschafts-
informatik 2003/Band I, Physica, Heidelberg, 613–632 (2003)

• Meta-Heuristiken in Virtuellen Lernumgebungen (mit I.Sassen, S.Voß). In:
U.Leopold-Wildburger, F.Rendl und G.Wäscher (eds.) Operations Research Pro-
ceedings 2002, Springer, Berlin, 359-364 (2003)

• Using Hyperbolic Trees and SmartBars within Virtual Learning Environment Con-
cepts (mit D.Reiß, S.Voß). Proceedings of the World Congress Networked Learning
in a Global Environment, Challenges and Solutions for Virtual Education (NL 2002),
ICSC-Naiso Academic Press, Millet Alberta (2002), #100029-03-TR-026, 1–7 (2002)

• Mining the Data from Experiments on Algorithms using Maximum Likelihood Clu-
stering (mit D.L.Woodruff, R.Singh). In: E.Rolland, N.S.Umanath (eds.) Procee-
dings of the 4th INFORMS Conference on Information Systems and Technology,
INFORMS, Linthicum, 235–254 (1999)

Arbeitspapier:
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Kapitel 1

Operations Research und

Simulation in SmartFrame

1.1 Einleitung

Die Zeit meiner Promotion war durch das Mitwirken an mehreren Projekten geprägt, wel-
che die thematische Ausrichtung meiner universitären Forschung maßgeblich beeinflusst haben.
Insbesondere das in Kooperation mit insgesamt sechs Universitäten1 durchgeführte BMBF-
ProjektVirtuelles Studienfach Operations Research/Management Science (VORMS)2 stellt den
zentralen Fokus dieser kumulativen Promotion dar und ist demnach Hauptthema in meinen bis-
herigen Fachartikeln. Das VORMS-Projekt selbst war ursprünglich als reines Projekt zur Ent-
wicklung von Lerninhalten ausgeschrieben. Ausgehend von dem technologischen Stand Anfang
2001 im Bereich e-Learning und den anvisierten Zielen wurde in Bezug auf die Umsetzung inno-
vativer Konzepte und Technologien das Projektszenario um die Konzeption und exemplarische
Umsetzung einer virtuellen Lernumgebung erweitert und im Prototyp SmartFrame realisiert.
Ein zweiter – in die kumulative Promotion einfließender – Forschungsbereich ist die bereits in
der Diplomarbeit begonnene Entwicklung und Anwendung von Algorithmen im Bereich Maxi-
mum Likelihood Clustering; hier mit dem Schwerpunkt auf die unterstützende Auswertung von
(allgemeinen) Experimenten. Der Bezug zum e-Learning und die damit einhergehende Verwen-
dung innerhalb meiner kumulativen Promotion ist durch die Ausrichtung der Lerninhalte im
Bereich Meta-Heuristiken gegeben und als Konzept Bestandteil von Fachartikeln; u.a. [2,10,13].

Im Folgenden ordne ich die im Rahmen der kumulativen Promotion eingebrachten Fachartikel
in eine thematische – sowie hinsichtlich der Entwicklung von SmartFrame chronologische –
Reihenfolge. Hierbei werde ich grundlegende Meilensteine der Forschungsarbeit darlegen, diese
jedoch nicht im Detail ausführen, sondern vielmehr auf die entsprechenden Fachartikel verwei-
sen; siehe Teil III für eine vollständige Reproduktion. Das Kapitel ist entsprechend der drei
Phasen Konzept (Abschnitt 1.2), Umsetzung (Abschnitt 1.3) sowie Anwendung (Abschnitt 1.4)
unterteilt und wird mit einer Konklusion abgeschlossen.

1.2 Konzept einer virtuellen Lernumgebung

Ausgehend von bestehenden Technologien zu Beginn des Projekts wurde für die Tagung Network
Learning 2002 ein Konzept entworfen, welches erste grundlegende Modelle zur Gestaltung der
Lernmaterialien sowie der Komponenten zur Umsetzung der virtuellen Lernumgebung enthielt;
siehe [11]. Hierzu zählten insbesondere die modulare, hierarchische Strukturierung der Lern-
objekte, wobei zu diesem Zeitpunkt die Wiederverwendbarkeit im Vordergrund stand. Weitere
Inhalte bezogen sich auf die Visualisierung mit mehreren Freiheitsgraden bezüglich der Gestal-

1Es handelt sich hierbei um die Universitäten Paderborn, Bochum, Berlin, Magdeburg, Hohenheim sowie
Braunschweig (bzw. Hamburg bedingt durch den Ruf von Prof. Dr. Stefan Voß).

2Projektnummer: 01NM094D.
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Begründung des thematischen Zusammenhangs 4

tung und der Zusammensetzung sowie (übersichtlicheren) Darstellung von aggregierten Infor-
mationen unter Nutzung der seitlich integrierten SmartBars innerhalb der Lernmaterialien.
Für die Zusammensetzung sowie die semantischen Beziehungen der Lernobjekte wird in diesem
Fachartikel ein hyperbolischer Baum vorgeschlagen; auf Grund der Komplexität der Materiali-
en und deren Abhängigkeiten untereinander wurde dieser im weiteren Verlauf der Entwicklung
durch einen Hypergraph3 substituiert sowie um Komponenten zur Darstellung und Editierung
von Lernmaterialien erweitert; siehe [5].

Das Konzept für SmartFrame wird in dem Arbeitspapier zum Workshop Virtual Environ-
ments for Advanced Modeling verfeinert und weitergeführt; siehe [13], wobei darüber hinaus
Vorgehensmodelle bezüglich der Entwicklung von virtuellen Lernumgebungen diskutiert werden
und eine zentrale Hypothese für die Notwendigkeit von e-Learning aufgestellt wird, die durch
langfristige Experimente und Evaluationen zu belegen bzw. zu widerlegen ist.4 Die Semantik
der Lernobjekte und damit die Anwendung in adaptiven Lernszenarien wird in diesem Fachar-
tikel als weiteres Argument für die aufwändige Modularisierung der Lernmaterialien neben der
Wiederverwendbarkeit in den Vordergrund gestellt.5 Weiterhin definiert der Fachartikel Me-
thoden und Technologien, die zum einen die Grundlage für die Umsetzung von SmartFrame

darstellen und zum anderen in weiteren Fachartikeln vertieft wurden. Hierzu zählen u.a. der
didaktische Ansatz Synchronized Blended Learning für die Verschmelzung von Präsenzlehre und
virtueller Lehre [4], die Systemarchitektur sowie eine mögliche Ausgestaltung der im Rahmen
des VORMS-Projekts umzusetzenden Kurse in Simulation und Meta-Heuristiken.6 Anzumer-
ken ist weiterhin, dass das Arbeitspapier eine wesentliche Grundlage für den Fachartikel auf
der Sitzung der Arbeitsgruppe Wirtschaftsinformatik der GOR, Paderborn, 2002 [3] war, wo-
bei die ursprünglichen Konzepte des Fachartikels im Rahmen ihrer Umsetzung im Prototypen
SmartFrame erweitert wurden.

Die Fachartikel bezüglich Maximum Likelihood Clustering sind zum aktuellen Zeitpunkt als
Konzept zu sehen und stellen die unterstützende Funktion hinsichtlich der Auswertung von
Experimenten dar. Eine Integration in den Kontext e-Learning ist bezüglich der Inhalte
Meta-Heuristiken vorgesehen, indem Lernende bei der Durchführung und Auswertung von
einführenden und realitätsnahen Experimenten angeleitet sowie durch unterschiedliche Me-
thoden bei der Auswertung unterstützt werden. Anzumerken ist hierbei, dass die Fachartikel
zunächst inhaltlich keinen direkten Bezug zum Themengebiet e-Learning aufweisen, im Gesamt-
rahmen jedoch eine Komponente für die Ausbildung von Studierenden im Bereich Operations
Research darstellen und in der weiteren Entwicklung von SmartFrame Einfluss finden werden;
siehe [1,12].

1.3 Umsetzung von SmartFrame

Eine technisch-orientierte Beschreibung von SmartFrame ist im Konferenzbeitrag zur Wirt-
schaftsinformatik 2003 gegeben; siehe [9] sowie darauf basierend [3]. Die Artikel belegen eine
Realisierbarkeit des aufgestellten Konzepts und zeigen einen ersten Ansatz hinsichtlich der Nut-
zung der frei verfügbaren Software Apache Cocoon und der modularen, unmittelbar adaptiven
Lernmaterialien bezüglich der Konfiguration und Charakteristik des Lernenden.

Eine Problematik, die in Bezug auf technologische Aspekte nur unzureichend in der Literatur
vertieft wird, ist die Erstellung und Komposition von strukturierten Lernmaterialien unter Ver-
wendung von Lernobjekten und deren Beziehungen zueinander. Insbesondere durch die vielfache
Verwendung von (einfachen) HTML-Inhalten innerhalb von existierenden Lernumgebungen be-
schränken sich die Autorenwerkzeuge auf die Erstellung von HTML-Seiten und die rudimentäre
Zuordnung von Meta-Daten zu den Inhalten. In SmartFrame wird ein allgemeiner Ansatz
verfolgt, bei dem eine intensive Unterstützung bezüglich der Eingabe der Meta-Daten erfolgt
und die Beziehungen der Lernobjekte graphisch in Form eines Hypergraphen definiert werden

3Siehe Touchgraph; http://www.touchgraph.com.
4Dieses ist u.a. ein Untersuchungsgegenstand des Promotionsvorhabens von Frau Imke Sassen.
5Ein direkter Bezug zwischen dem Aufbau der Lernmaterialien und der Adaptivität der virtuellen Lernum-

gebung an die Charakteristik des Benutzers ist u.a. in [3,7] zu finden.
6Das Konzept für den Kurs Meta-Heuristiken wurde zunächst auf der Konferenz GOR 02 in Klagenfurth,

Österreich, vorgestellt; siehe [10].
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können. Die Lernobjekte können in einem eigens entworfenen und umgesetzten Autorenwerk-
zeug editiert werden; siehe [5].

1.4 Anwendung von SmartFrame

Die virtuelle Lernumgebung SmartFrame ist als Prototyp umgesetzt und in verschiedenen An-
wendungsszenarien eingesetzt worden; u.a. im Rahmen einer universitätsübergreifenden7 Ver-
anstaltung Simulation sowie begleitend zum Rechnerpraktikum von Frau Dr. Birgit Schwartz-
Reinken an der Universität Hamburg. Darüber hinaus wurde die Gestaltung von virtuellen
Kursen unter Einsatz der technologischen Möglichkeiten von SmartFrame in mehreren Fach-
artikeln publiziert. Hierbei wurden Komponenten für Veranstaltungen im Fachgebiet Meta-
Heuristiken [2,7], Simulation [6,7] sowie Produktion [8] thematisiert.

1.5 Konklusion

Im Rahmen der Promotion wurde ein alternativer Ansatz zu der allgemeinen technologischen
Ausgestaltung von virtuellen Lernumgebungen entwickelt, umgesetzt und anhand verschiede-
ner Veranstaltungen in der universitären Lehre erprobt. Mit Abschluss der Promotion kann der
entstandene Prototyp SmartFrame in vielfältigen Anwendungsszenarien zukünftig eingesetzt
werden. Innerhalb der nachfolgenden Lebenszyklen können somit die Konzepte von Smart-

Frame – entsprechend der Vorgehensweise während der Promotion im Sinne von formativen
Evaluationsdurchläufen – angewandt, evaluiert und hinsichtlich der Erschließung weiterer Nut-
zerkreise ausgebaut werden.

1.6 Literatur

[1] Experiments with, and on, Algorithms for Maximum Likelihood Clustering (mit
D.L.Woodruff). Computational Statistics & Data Analysis 47(2), 237–253 (2004)

[2] Teaching Meta-Heuristics within Virtual Learning Environments (mit S.Voß). International
Transactions in Operational Research 11, 225–238 (2004)

[3] Die virtuelle Lernumgebung SmartFrame: Kodierung und didaktische Aufbereitung von
Lernmaterialien durch Lernobjekte (mit D.Reiß, I.Sassen, S.Voß). i-com 3, 27–35 (2003)

[4] Synchronized Blended Learning in Virtual Learning Environments (mit C.Frank, I.Sassen,
L.Suhl, S.Voß). Eingereicht bei der E-Learn 2005 (2005)

[5] Supporting the Authoring Process of Hierarchical Structured Learning Material (mit
D.Reiß). In: Proceedings of Ed-Media 2004. World Conference on Educational Multi-
media, Hypermedia & Telecommunications, Lugano, Switzerland 2004. 917–924 (2004)

[6] Instructional Design and Implementation of Interactive Learning Tools (mit I.Sassen,
B.Paschilk, S.Voß). In: Proceedings of Ed-Media 2004. World Conference on Educational
Multimedia, Hypermedia & Telecommunications, Lugano, Switzerland 2004, 1918–1921
(2004)

[7] Simulation und Meta-Heuristiken als Bestandteil quantitativer BWL-Ausbildung: von der
Technik zur Anwendung (mit D.Reiß, I.Sassen, S.Voß). In: L.Suhl und S.Voß (eds.) E-
Learning in Wirtschaftsinformatik und Operations Research. DSOR Lab/BoD, Pader-
born, 77–115 (2003)

7Hierbei wurden die Ergebnisse im Rahmen einer virtuellen Veranstaltung an der Universität Hamburg –
hier parallel angeboten zu einer Präsenzveranstaltung von Herrn Dr. Kai Gutenschwager – und der Universität
Paderborn genutzt.
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[8] Instructional design of interactive learning modules by example of a special flow shop
problem (mit R.Eisenberg, I.Sassen, S.Voß). In: A.Palma dos Reis und P.Isaias (eds.)
e-Society 2003 Proceedings, Volume 1, Iadis, Lisabon, 520–527 (2003)

[9] SmartFrame: An integrated environment for XML-coded learning material (mit D.Reiß,
H.Schulze, S.Voß). In: W.Uhr, W.Esswein und E.Schoop (eds.) Wirtschaftsinformatik
2003/Band I, Physica, Heidelberg, 613–632 (2003)

[10] Meta-Heuristiken in Virtuellen Lernumgebungen (mit I.Sassen, S.Voß). In: U.Leopold-
Wildburger, F.Rendl und G.Wäscher (eds.) Operations Research Proceedings 2002, Sprin-
ger, Berlin, 359-364 (2003)

[11] Using Hyperbolic Trees and SmartBars within Virtual Learning Environment Concepts
(mit D.Reiß, S.Voß). Proceedings of the World Congress Networked Learning in a Global
Environment, Challenges and Solutions for Virtual Education (NL 2002), ICSC-Naiso
Academic Press, Millet Alberta (2002), #100029-03-TR-026, 1–7 (2002)

[12] Mining the Data from Experiments on Algorithms using Maximum Likelihood Clustering
(mit D.L.Woodruff, R.Singh). In: E.Rolland, N.S.Umanath (eds.) Proceedings of the 4th
INFORMS Conference on Information Systems and Technology, INFORMS, Linthicum,
235–254 (1999)

[13] Some thoughts on how to educate OR/MS (mit S.Voß). Arbeitspapier, Universität Ham-
burg (2003)



Kapitel 2

Kumulative Promotion

2.1 Drei thematisch zusammenhängende Fachartikel

Die in Kapitel 1 gegebene Darstellung und Einordnung positionieren die im Rahmen dieser ku-
mulativen Promotion eingereichten Fachartikel in einem gemeinsamen Themenzusammenhang.
Der zentrale Fokus des Promotionsvorhabens liegt auf den drei Phasen Konzept, Umsetzung
und Anwendung in Bezug auf die virtuelle Lernumgebung SmartFrame, welche insbesondere
durch die folgenden drei thematisch zusammenhängenden Arbeiten repräsentiert werden.1

1. Using Hyperbolic Trees and SmartBars within Virtual Learning Environment Concepts
(mit D.Reiß, S.Voß). Proceedings of the World Congress Networked Learning in a Global
Environment, Challenges and Solutions for Virtual Education (NL 2002), ICSC-Naiso
Academic Press, Millet Alberta (2002), #100029-03-TR-026, 1–7 (2002)

2. Die virtuelle Lernumgebung SmartFrame: Kodierung und didaktische Aufbereitung von
Lernmaterialien durch Lernobjekte (mit D.Reiß, I.Sassen, S.Voß). i-com 3, 27–35 (2003)

3. Teaching Meta-Heuristics within Virtual Learning Environments (mit S.Voß). Internatio-
nal Transactions in Operational Research 11, 225–238 (2004)

2.2 Veröffentlichung von Fachartikeln

Die Veröffentlichung und damit Bereitstellung von Forschungsergebnissen ist eine elementa-
re Notwendigkeit in der wissenschaftlichen Forschung und Lehre. Im Rahmen meiner wissen-
schaftlichen Arbeit wird eine heterogene Verteilung bezüglich Zeitschriften und Konferenzen
angestrebt2 und neben nationalen insbesondere auch internationale Konferenzen und Zeitschrif-
ten als Präsentationsplattform ausgewählt.3 Die der Arbeit beigefügten Artikel sind wie folgt
veröffentlicht:

Veröffentlichungen in Zeitschriften:

• Experiments with, and on, Algorithms for Maximum Likelihood Clustering (mit
D.L.Woodruff). Computational Statistics & Data Analysis 47(2), 237–253 (2004)

• Teaching Meta-Heuristics within Virtual Learning Environments (mit S.Voß). Inter-
national Transactions in Operational Research 11, 225–238 (2004)

1Siehe auch Abschnitt 2.2 für eine vollständige Übersicht aller eingereichten Fachartikel.
2Konferenzen erlauben im Gegensatz zu Zeitschriften eine zeitnahe Präsentation der Ergebnisse mit der

Option, im Rahmen eines Vortrages sowohl eine Diskussion anzuregen als auch ein Feedback von Wissenschaftlern
verschiedener Fachrichtungen unmittelbar zu erhalten.

3Eine Übersicht der gehaltenen Vorträge auf nationalen und internationalen Konferenzen ist im Lebenslauf
angegeben.
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Anforderung an die kumulative Promotion 8

• Die virtuelle Lernumgebung SmartFrame: Kodierung und didaktische Aufberei-
tung von Lernmaterialien durch Lernobjekte (mit D.Reiß, I.Sassen, S.Voß). i-com 3,
27–35 (2003)

Beiträge in Konferenzbänden:4

• Synchronized Blended Learning in Virtual Learning Environments (mit C.Frank,
I.Sassen, L.Suhl, S.Voß). Eingereicht bei der E-Learn 2005 (2005)

• Supporting the Authoring Process of Hierarchical Structured Learning Material (mit
D.Reiß). In: Proceedings of Ed-Media 2004. World Conference on Educational Mul-
timedia, Hypermedia & Telecommunications, Lugano, Switzerland 2004. 917–924
(2004)

• Instructional Design and Implementation of Interactive Learning Tools (mit I.Sassen,
B.Paschilk, S.Voß). In: Proceedings of Ed-Media 2004. World Conference on Educa-
tional Multimedia, Hypermedia & Telecommunications, Lugano, Switzerland 2004,
1918–1921 (2004)

• Simulation und Meta-Heuristiken als Bestandteil quantitativer BWL-Ausbildung:
von der Technik zur Anwendung (mit D.Reiß, I.Sassen, S.Voß). In: L.Suhl und
S.Voß (eds.) E-Learning in Wirtschaftsinformatik und Operations Research. DSOR
Lab/BoD, Paderborn, 77–115 (2003)

• Instructional design of interactive learning modules by example of a special flow shop
problem (mit R.Eisenberg, I.Sassen, S.Voß). In: A.Palma dos Reis und P.Isaias (eds.)
e-Society 2003 Proceedings, Volume 1, Iadis, Lisabon, 520–527 (2003)

• SmartFrame: An integrated environment for XML-coded learning material (mit
D.Reiß, H.Schulze, S.Voß). In: W.Uhr, W.Esswein und E.Schoop (eds.) Wirtschafts-
informatik 2003/Band I, Physica, Heidelberg, 613–632 (2003)

• Meta-Heuristiken in Virtuellen Lernumgebungen (mit I.Sassen, S.Voß). In:
U.Leopold-Wildburger, F.Rendl und G.Wäscher (eds.) Operations Research Pro-
ceedings 2002, Springer, Berlin, 359-364 (2003)

• Using Hyperbolic Trees and SmartBars within Virtual Learning Environment Con-
cepts (mit D.Reiß, S.Voß). Proceedings of the World Congress Networked Learning
in a Global Environment, Challenges and Solutions for Virtual Education (NL 2002),
ICSC-Naiso Academic Press, Millet Alberta (2002), #100029-03-TR-026, 1–7 (2002)

• Mining the Data from Experiments on Algorithms using Maximum Likelihood Clu-
stering (mit D.L.Woodruff, R.Singh). In: E.Rolland, N.S.Umanath (eds.) Procee-
dings of the 4th INFORMS Conference on Information Systems and Technology,
INFORMS, Linthicum, 235–254 (1999)

Arbeitspapier:5

• Some thoughts on how to educate OR/MS (mit S.Voß). Arbeitspapier, Universität
Hamburg (2003)

Ein Ranking der Zeitschriften variiert in Abhängigkeit der Quellen, Kriterien der Untersuchung
sowie z.T. subjektiver Nuancen. Von den hier betroffenen Zeitschriften ist nur die International
Transactions in Operational Research in der Ranking-Tabelle von A.-W. Harzing6 – gemäß
der Empfehlungen von Ranking-Tabellen innerhalb der Promotionsempfehlungen – angeführt,
wobei die Bewertung von A7, B8, 6.69 bis 110 variiert. Die Zeitschrift Computational Statistics

4Der Vortrag auf der Konferenz Wirtschaftsinformatik 2003 wurde von Prof. Dr. Stefan Voß gehalten. Der
letzte Beitrag für die E-Learn 2005 ist zur Veröffentlichung angenommen worden.

5Das Arbeitspapier wurde im Rahmen eines Workshops in Japan (Virtual Environments for Advanced Mo-
deling, Ishikawa, Japan, 2002) erstellt.

6Siehe http://www.harzing.com/download/jql.zip.
7WI01; WU Wien Journal Rating 2001; http://www.wuwien.ac.at/fides∼/rating-definition en.html.
8VHB03; Association of Professors of Management in German speaking countries.
9BJM04; British Journal of Management 2001 Business & Management RAE rankings.

10Cra04; Cranfield University School of Management June 2004. Hierbei sei angemerkt, dass die Einordnung
lower national quality für diese international verfügbare und mit internationalen Beiträgen versehene Zeitschrift
von den übrigen Bewertungen stark abweicht und daher hinterfragt werden sollte.
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& Data Analysis wird in anderen Quellen mit dem Ranking A11 versehen bzw. im Vergleich
mit 83 Zeitschriften aus dem Fachgebiet Econometrics Journals auf Position 1812 eingeordnet.
Ein Ranking für die deutschsprachige nationale Zeitschrift i-com des Oldenbourg-Verlags13 ist
mir nicht bekannt.

2.3 Ko-Autorenschaft

Alle beigefügten Fachartikel repräsentieren Ergebnisse von Forschungsprojekten und sind auf
Grund dessen mit den Namen aller beteiligten Personen unabhängig des Status (extern, Stu-
dent, wissenschaftlicher Mitarbeiter, Professor) veröffentlicht worden. Gemäß der angegebenen
Berechnungsvorschrift – 2/n + 1 mit n gleich der Anzahl an Autoren – ergibt sich für die
Promotionspunkte ein Wert von 6,51. Dieser setzt sich wie folgt zusammen:14

Nr. Titel AZ PP
1 Experiments with, and on, Algorithms for Maximum Likelihood Clu-

stering
2 0,67

2 Teaching Meta-Heuristics within Virtual Learning Environments 2 0,67
3 Die virtuelle Lernumgebung SmartFrame: Kodierung und didaktische

Aufbereitung von Lernmaterialien durch Lernobjekte
4 0,4

4 Synchronized Blended Learning in Virtual Learning Environments 5 0,33
5 Supporting the Authoring Process of Hierarchical Structured Lear-

ning Material
2 0,67

6 Instructional Design and Implementation of Interactive Learning
Tools

4 0,4

7 Simulation und Meta-Heuristiken als Bestandteil quantitativer BWL-
Ausbildung: von der Technik zur Anwendung

4 0,4

8 Instructional design of interactive learning modules by example of a
special flow shop problem

4 0,4

9 SmartFrame: An integrated environment for XML-coded learning
material

4 0,4

10 Meta-Heuristiken in Virtuellen Lernumgebungen 3 0,5
11 Using Hyperbolic Trees and SmartBars within Virtual Learning En-

vironment Concepts
3 0,5

12 Mining the Data from Experiments on Algorithms using Maximum
Likelihood Clustering

3 0,5

13 Some thoughts on how to educate OR/MS 2 0,67∑
6, 51

Die hier angeführten Fachartikel sind nicht Teil einer weiteren Promotion und werden einzig
für die eingereichte kumulative Promotion genutzt.

2.4 Substantieller Beitrag des Doktoranden

Die hier eingereichten Fachartikel stellen einen wesentlichen Bestandteil meiner wissenschaft-
lichen Forschung dar und beinhalten somit alle einen substantiellen Beitrag meiner Person.
Die Fachartikel sind in Projekten und damit in Gruppen unterschiedlicher Zusammensetzung
entstanden und beinhalten somit auch einen entsprechenden Anteil externer Komponenten. Im

11Siehe Fußnote 7.
12Ranking Courtesy of The Faculty of Economics and Business Administration, Vrije Universiteit Amsterdam;

http://bear.cba.ufl.edu/centers/MKS/marketing/science/econometric.pdf.
13Siehe http://www.oldenbourg.de/frame0.htm?http://www.oldenbourg.de/cgi-bin/romedia?Z=3630.
14Für eine bessere Lesbarkeit werden nur der Titel des Artikels, die Autorenanzahl sowie die daraus resultieren-

den Promotionspunkte – auf zwei Nachkommastellen mathematisch gerundet – angeführt, wobei die Reihenfolge
entsprechend der Auflistung in Abschnitt 2.2 beibehalten wird.
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Folgenden sind drei Arbeiten genannt, bei denen mein Anteil sich deutlich15 abzeichnet:16

• Experiments with, and on, Algorithms for Maximum Likelihood Clustering (mit
D.L.Woodruff). Computational Statistics & Data Analysis 47(2), 237–253 (2004)

• Teaching Meta-Heuristics within Virtual Learning Environments (mit S.Voß). Internatio-
nal Transactions in Operational Research 11, 225–238 (2004)

• SmartFrame: An integrated environment for XML-coded learning material (mit D.Reiß,
H.Schulze, S.Voß). In: W.Uhr, W.Esswein und E.Schoop (eds.) Wirtschaftsinformatik
2003/Band I, Physica, Heidelberg, 613–632 (2003)

Keiner der für diesen Abschnitt relevanten Fachartikel ist zum aktuellen Zeitpunkt Bestandteil
eines laufenden oder abgeschlossenen Promotionsvorhabens.

15Wobei dieses sich u.a auf Initiative, Entwicklung und Programmierung von notwendigen Applikationen sowie
prozentualen Anteil an Worten beziehen und in keinster Weise die Leistung und Qualifikation der Ko-Autoren
in Frage stellen soll.

16Der erste Fachartikel basiert auf meiner Forschungsarbeit an der University of California, Davis sowie der
daraus entstandenen – mit dem Michehl-Preis ausgezeichneten – Diplomarbeit.
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11
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Persönliche Daten
Name Torsten Reiners
Titel Dipl. Wirtsch.–Inform.
Wohnort Quellenweg 7, 20535 Hamburg
Geburtstag 7. März 1972
Geburtsort Cuxhaven
Nationalität Deutsch
Familienstand ledig
Eltern Jürgen Reiners, 01.06.1942, Seelotse

Gisela Reiners, geborene Schepler, 09.02.1947, Justizangestellte
Geschwister Antje Reiners, 17.07.1976, Grundschullehrerin

Schulausbildung
1978 – 1984 Grundschule Döse in Cuxhaven
1984 – 1986 Orientierungsstufe Döse in Cuxhaven
1986 – 1991 Lichtenberg Gymnasium in Cuxhaven, Abitur mit der Note gut

(2.3)

Militärdienst
1991 – 1992 3. Fernmeldebataillion in Buxtehude; Fernschreiber in der Fern-

meldezentrale
Hochschulausbildung
10.1992 – 10.1998 Wirtschaftsinformatikstudium an der Technischen Universität

Braunschweig. Diplom am 30.10.1998 mit der Note sehr gut
08.1994 – 01.1995 Auslandsstudium an der University of Texas in Austin, TX, USA
10.1995 – 03.2003 Zweitstudium in Informatik an der Technischen Universität

Braunschweig. Vordiplom im September 1996
09.1997 – 07.1998 Forschungsaufenthalt an der University of California, Davis, CA,

USA in der Graduate School of Management

Auszeichnung
10.1998 Michehl–Förderpreis für Wirtschaftswissenschaften für die Di-

plomarbeit mit dem Titel Maximum Likelihood Clustering Data
Sets Using a Multilevel, Parallel Heuristic

Sprachkenntnisse
Englisch 9 Jahre Schulenglisch, weiterführende Kenntnisse durch

Schüleraustausch, 6 Monate Rundreise in den USA, Stu-
dium an der University of Texas, Austin, TX, USA sowie
Forschungsaufenthalt an der University of California, Davis, CA,
USA

Französisch 5 Jahre am Gymnasium
Latein 2 Jahre am Gymnasium
Chinesisch 1 Semester an der Technischen Universität Braunschweig
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Besondere Tätigkeiten
1989 8. Informatikwettbewerb, Platz 83
08.1990 Teilnahme an der 4. Schülerakademie an der Jugenddorf–

Christopherusschule Braunschweig. Veranstalter: Bildung und Begabung
e.V., Bonn. Thema: Experimentalphysik

1992 10. Informatikwettbewerb, Platz 85
08.1994 – 12.1994 Ehrenmitglied der ACM (Association for Computing Machinery) in Aus-

tin, TX; Mitarbeit in der Kommission für die Administration der Kurs-
seiten

SS 1995 Betreuung der Übung Programmieren von Datenstrukturen in Modula 2
WS 1995/96 Betreuung der Übung Programmieren von Algorithmen in Scheme
01.1996 – 10.1996 Installation, Organisation und Administration der Datenbank Oracle für

das Symposium on Operations Research 1996 in Braunschweig
10.1996 – 09.1997 Netzwerk und Software Administration in der Abteilung Allgemeine

BWL, Wirtschaftsinformatik und Informationsmanagement
SS 1996 Betreuung der Übung Programmieren in Pascal für Nicht-Informatiker

Berufstätigkeit
11.1998 – 12.2003 Wissenschaftlicher Mitarbeiter an der Technischen Universität Braun-

schweig in der Abteilung Allgemeine BWL, Wirtschaftsinformatik und
Informationsmanagement (Prof. Dr. Stefan Voß)

01.2004 – 04.2004 Wissenschaftlicher Mitarbeiter an der Universität Hamburg im Institut
für Wirtschaftsinformatik (Prof. Dr. Stefan Voß)

05.2004 – 06.2004 Wissenschaftlicher Mitarbeiter an der Otto-von-Guericke-Universität
Magdeburg am Lehrstuhl für Betriebswirtschaftslehre, insbesondere Ma-
nagement Science (Prof. Dr. Gerhard Wäscher)

07.2004 – 04.2005 Promotion
seit 05.2005 Wissenschaftlicher Mitarbeiter an der Universität Hamburg im Institut

für Wirtschaftsinformatik (Prof. Dr. Stefan Voß)

Besondere Kentnisse
Sprachen C/C++, Java, JSP, Lisp/Scheme, Prolog, Pascal, Modula,

SQL, Perl, Skript-Sprachen
Weitere Kenntnisse XML, XSLT, XSP, XHTML
Betriebssysteme Unix/Linux, Windows NT (Nutzung/Administration)
Software Apache Cocoon, Jakarta Tomcat
Themengebiete e-Learning, Entwicklung und Nutzung von virtuellen Lernumgebungen,

Simulation, Meta-Heuristiken

Projekte
05.1999 – 05.2000 Evaluation von bioanalogen Algorithmen in der Disposition auf einem

Seehafen-Containerterminal (Hamburger Hafen- und Lagerhaus-AG)
06.2000 – 11.2000 Intelligente Flottenlogistik – Fahrzeugdisposition bei einer Autovermie-

tung (AVIS-Deutschland)
07.2001 – 06.2004 Virtuelles Studienfach Operations Research/Management Science (Bun-

desministerium für Bildung und Forschung)
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Lehre (Zeitraum 1999-2005)

1. Dozent der Veranstaltung Wirtschaftsinformatik (4+0 SWS) an der Universität Bremen

2. Durchführung der Übungen in der Wirtschaftsinformatik

3. Vertretung von Vorlesungssitzungen

4. Durchführung von Seminaren und Praktika in der Informatik und Wirtschaftsinformatik

5. Konzeption und Betreuung von Klausuren und Hausaufgaben

6. Betreuung von Diplom- und Studienarbeiten

Veröffentlichungen

1. Synchronized Blended Learning in Virtual Learning Environments (mit C.Frank, I.Sassen,
L.Suhl, S.Voß). Angenommen zur Veröffentlichung bei der E-Learn 2005 (2005)

2. Ontology-based Retrieval, Authoring, and Networking for Generalized e-content (mit
D.Reiß, I.Sassen). Angenommen zur Veröffentlichung bei der E-Learn 2005 (2005)

3. Modeling and Solving the Short-term Car Rental Logistics Problem (mit A.Fink). Trans-
portation Research Part E: Logistics and Transportation Review (2005), im Druck

4. Experiments with, and on, Algorithms for Maximum Likelihood Clustering (mit
D.L.Woodruff). Computational Statistics & Data Analysis 47(2), 237–253 (2004)

5. Supporting the Authoring Process of Hierarchical Structured Learning Material (mit
D.Reiß). In: Proceedings of Ed-Media 2004. World Conference on Educational Multi-
media, Hypermedia & Telecommunications, Lugano, Switzerland 2004. 917–924 (2004)

6. Instructional Design and Implementation of Interactive Learning Tools (mit I.Sassen,
B.Paschilk, S.Voß). In: Proceedings of Ed-Media 2004. World Conference on Educational
Multimedia, Hypermedia & Telecommunications, Lugano, Switzerland 2004, 1918–1921
(2004)

7. Teaching Meta-Heuristics within Virtual Learning Environments (mit S.Voß). Internatio-
nal Transactions in Operational Research 11, 225–238 (2004)

8. Die virtuelle Lernumgebung SmartFrame: Kodierung und didaktische Aufbereitung von
Lernmaterialien durch Lernobjekte (mit D.Reiß, I.Sassen, S.Voß). i-com 3, 27–35 (2003)

9. Implementing an Online Version of the Case Method: A Qualitative Evaluation (mit
C.Frank, L.Suhl). Angenommen zur Veröffentlichung im Proceedings zur Konferenz ICDE
World Conference on Open Learning and Distance Education, Hong Kong, China, Oktober
(2003)

10. Lernerspezifische Komposition und Visualisierung von Lernmaterialien (mit D.Reiß,
S.Voß). Arbeitspapier, Universität Hamburg (2003)

11. Simulation und Meta-Heuristiken als Bestandteil quantitativer BWL-Ausbildung: von der
Technik zur Anwendung (mit D.Reiß, I.Sassen, S.Voß). In: L.Suhl und S.Voß (eds.) E-
Learning in Wirtschaftsinformatik und Operations Research. DSOR Lab/BoD, Pader-
born, 77–115 (2003)

12. Kodierung und didaktische Aufbereitung von Lernmaterialien in XML (mit I.Sassen,
S.Voß). Arbeitspapier, Universität Hamburg (2003)

13. Instructional design of interactive learning modules by example of a special flow shop
problem (mit R.Eisenberg, I.Sassen, S.Voß). In: A.Palma dos Reis und P.Isaias (eds.)
e-Society 2003 Proceedings, Volume 1, Iadis, Lisabon, 520–527 (2003)
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14. SmartFrame: An integrated environment for XML-coded learning material (mit D.Reiß,
H.Schulze, S.Voß). In: W.Uhr, W.Esswein und E.Schoop (eds.) Wirtschaftsinformatik
2003/Band I, Physica, Heidelberg, 613–632 (2003)

15. Some thoughts on how to educate OR/MS (mit S.Voß). Arbeitspapier, Universität Ham-
burg (2003)

16. Meta-Heuristiken in Virtuellen Lernumgebungen (mit I.Sassen, S.Voß). In: U.Leopold-
Wildburger, F.Rendl und G.Wäscher (eds.) Operations Research Proceedings 2002, Sprin-
ger, Berlin, 359-364 (2003)

17. Application Service Providing (mit A.Mies). wisu 1, 58–62 (2003)

18. XML-basierte Kodierung von Lernobjekten (mit D.Reiß, S.Voß). Arbeitspapier. Techni-
sche Universität Braunschweig (2002)

19. A Conceptual Framework for Synchronized Blended Learning on the Web (mit C.Frank,
L.Suhl, S.Voß). Arbeitspapier, Technische Universität Braunschweig (2002)

20. Using Hyperbolic Trees and SmartBars within Virtual Learning Environment Concepts
(mit D.Reiß, S.Voß). Proceedings of the World Congress Networked Learning in a Global
Environment, Challenges and Solutions for Virtual Education (NL 2002), ICSC-Naiso
Academic Press, Millet Alberta (2002), #100029-03-TR-026, 1–7 (2002)

21. NETRALOG: ein Forschungsprojekt zum wasserseitigen Containerumschlag mit Hilfe
neuer Abfertigungsstrategien und unter Verwendung von Methoden der Bioinformatik
(mit D.Steenken, D.Martinssen, F.Wölfer, H.Lührs, P.Ziehl, K.König, S.Voß). Hansa 138,
1, 72–78 (2001)

22. NETRALOG: Machbarkeitsprojekt für die Entwicklung und den Einsatz bioanaloger Al-
gorithmen zur Steuerung des Horizontaltransports bei der Schiffsabfertigung auf dem
Container Terminal Burchardkai; Schlußbericht (verschiedene Autoren). http://edok01.
tib.uni-hannover.de/edoks/e001/32197610X.pdf (2001)

23. Konfiguration von Distributionslogistiknetzwerken unter Berücksichtigung kunden-
orientierter Lieferserviceanforderungen (mit J.Böse, A.Fink, K.Gutenschwager,
G.Schneidereit). In: H.-J.Sebastian und T.Grünert (eds.), Logistik Management -
Supply Chain Management und e-Business, Teubner, Stuttgart, 337–350 (2001)

24. Costs and Benefits of EDI Integration in Supply Chains and Networks (mit S.Voß). Ar-
beitspapier, Technische Universität Braunschweig (2001)

25. Einsatz bioanaloger Verfahren bei der Optimierung des wasserseitigen Containerumschlag
(mit D.Martinssen, D.Steenken, S.Voß, F.Wölfer). In: H.-J.Sebastian und T.Grünert (eds.)
Logistik Management - Supply Chain Management und e-Business, Teubner, Stuttgart,
377–388 (2001)

26. Vehicle Dispatching at Seaport Container Terminals Using Evolutionary Algorithms (mit
J.Böse, D.Steenken, S.Voß.). In: R.H.Sprague (ed.) Proceedings of the 33rd Annual Hawaii
International Conference on System Sciences, IEEE, Piscataway (2000), DTM-IT: 1–10.
Nominated for best paper award (2000)

27. Mining the Data from Experiments on Algorithms using Maximum Likelihood Clustering
(mit D.L.Woodruff, R.Singh). In: E.Rolland, N.S.Umanath (eds.) Proceedings of the 4th
INFORMS Conference on Information Systems and Technology, INFORMS, Linthicum,
235–254 (1999)

28. Maximum Likelihood Clustering of Large Data Sets Using a Multilevel, Parallel Heuristic.
Diplomarbeit (1998)
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Konferenzen mit eigenen Vorträgen

1. Ed-Media 2004 in Lugano (2004). Supporting the Authoring Process of Hierarchical Struc-
tured Learning Material (mit D.Reiß)

2. Logistikmanagement 2003 in Braunschweig (2003). Instructional design of interactive lear-
ning modules by example of a special flow shop problem (mit R.Eisenberg, I.Sassen, S.Voß)

3. Symposium on Operations Research – International Conference on Operations Research
in Heidelberg (2003). SimTool: eine Plattform zum Design interaktiver Kurse im Bereich
Simulation (mit I.Sassen, S.Voß)

4. Symposium on Operations Research – International Conference on Operations Research
in Heidelberg (2003). Die adaptive virtuelle Lernumgebung SmartFrame (mit D.Reiß,
I.Sassen, S.Voß)

5. VEAM IFIP Working Group 7.6 Workshop on Virtual Environments for Advanced Mode-
ling in Ishikawa, Japan (2003). Teaching Meta-Heuristics and Simulation within VORMS
(mit S.Voß)

6. Network Learning 2002 in Berlin (2002). Using Hyperbolic Trees and SmartBars within
Virtual Learning Environment Concepts (mit D.Reiß, S.Voß)

7. Symposium on Operations Research 2002 – International Conference on Operations Re-
search in Klagenfurth, Österreich (2002). Einsatz eines Simulationswerkzeuges im Zusam-
menhang mit Blended Learning (mit C.Frank, I.Sassen, L.Suhl, S.Voß)

8. Symposium on Operations Research 2002 – International Conference on Operations Re-
search in Klagenfurth, Österreich (2002). Meta-Heuristiken in virtuellen Lernumgebungen
(mit I.Sassen, S.Voß)

9. Workshop E-Learning in Wirtschaftsinformatik und Operations Research in Paderborn
(2002). Simulation und Meta-Heuristiken als Bestandteil quantitativer BWL-Ausbildung:
von der Technik zur Anwendung (mit I.Sassen, S.Voß)

10. INFORMS Annual Meeting in Miami (2001). Customizing Interactive Learning Methods
for the Internet (mit L.Suhl, H.G.Brunn, C.Frank, L.Tan)

11. INFORMS Annual Meeting in Miami (2001). A Blackboard Architecture Applied to
Maximum Likelihood Clustering for Data Mining Computational Experiments (mit
D.L.Woodruff)

12. INFORMS Annual Meeting in Miami (2001). Teaching Meta-Heuristics through Interac-
tive Learning over the Internet (mit S.Voß)

13. Symposium on Operations Research 2001 in Duisburg (2001). Data Mining Applied to
Computational Experiments of Algorithms (mit D.L.Woodruff)

14. 7th Conference of the International Federation of Classification Societies in Namur, Belgi-
en (2000). A Blackboard Architecture to Combine Meta-Heuristics with Heuristic Search
for Maximum Likelihood Clustering (mit D.L.Woodruff)

15. Third Metaheuristics International Conference in Angra dos Reis, Brasilien (1999). A
Blackboard Architecture to Combine Meta-Heuristics for Maximum Likelihood Clustering
(mit D.L.Woodruff)
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Anlage

Vorderseite Diplomzeugnis Wirtschaftsinformatik
Rückseite Diplomzeugnis Wirtschaftsinformatik
Michehl-Förderpreis-Urkunde
Bescheinigung Forschungsaufenthalt
Vorderseite Vordiplomzeugnis Informatik
Rückseite Vordiplomzeugnis Informatik
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Abstract

Modern education of operations research and management science (OR/MS) can greatly benefit from
interactive learning methods in order to build and develop modeling and problem-solving skills. In this
paper we consider the teaching of meta-heuristics as an important part of OR/MS with significant recent
interest. We discuss possibilities of supporting the teaching of meta-heuristics such as simulated annealing
or tabu search through interactive learning. The paper also presents a survey of some relevant issues within
VORMS (Virtual Operations Research/Management Science), a project currently undertaken at six
universities within Germany, and provides a presentation of the advances regarding the teaching of meta-
heuristics within this project. Further ideas refer to incorporating HOTFRAME, a heuristic optimization
framework, into the virtual learning environment.

Keywords: Virtual learning; meta-heuristics; education.

Introduction

Modern information technology allows manifold variations of education, besides the traditional
presence university. Especially in the context of growing numbers of students, fewer funds for
education, and the desire to have a lifelong learning support, virtual universities may be an
opportunity to support education and, therefore, are currently opened in many countries using
different strategies for their educational programs (see, e.g., Hazemi, Hailes and Wilbur, 1998).
Most of these programs are restricted to on-line access for all course materials (e.g. Massachusetts
Institute of Technology, 2002), but can also lead to a full digital or virtual university where the
learner is enrolled as a regular student (e.g. University of Phoenix, 2002; see Björck, 2002, for a list
of virtual universities).
Regarding the field of operations research, it is important to keep track of the research

developments in educational methods and virtual learning environments because of the high
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degree of required practical training. In this paper we demonstrate a concept of how to involve the
training of practical skills in virtual learning environments, using meta-heuristics as an example.
Meta-heuristics are modern and important tools for optimization, but so far, they lack an
appropriate integration in lectures, as well as practical application. Most traditional presence
courses either do not comprehensively teach meta-heuristics at all, or teach meta-heuristics in
classes with limited discussion opportunities just using textbooks F where meta-heuristics
currently are not included or only briefly mentioned. Furthermore, the learning material is in most
cases only transferred into static learning content for virtual learning environments. As a result of
this way of presenting the material, the main advantages of meta-heuristics compared to other
optimization methods are neither sufficiently motivated in most cases nor sufficiently illustrated
using good examples that are based on real-world scenarios. Therefore, meta-heuristics are still
having a shadowy existence apart from some famous algorithms like the genetic algorithms.
Particularly for learners, it is a necessity to acquire a multitude of knowledge as well as practical

skills in areas like modeling, algorithms, software engineering, or project management, and
therefore, we have to ask for certain characteristics of the virtual learning environment. In
addition to simple presentations of course material without any further media pedagogical
revision, different virtual learning environments can be found on the Internet using a more
sophisticated approach than hyperlinked documents. Examples for off-line software can be found
at OR-World (2002); free web-based learning environments are, e.g. tutOR by Sniedovich and
Byrne (2002) and the tutORial from the IFORS (2002), based on it. Sophisticated commercial
approaches regarding the general support of teaching and managing course material are, e.g.,
WebCT (2002) and Blackboard (2002). In many countries, e.g. the United States of America or
Australia, it is also common to use proprietary software like Microsoft Excel within the classroom
instead of web-based learning environments. The tutor can use the given functionality to easily
implement complex visualizations of problem formulations and their solutions, including a step-
by-step development, whereas the learner already knows the software and, therefore, can focus on
the learning material and given exercises; see, e.g. Bell (2000) or Evans (2000).
Even though the learner obtains an introduction or exemplification to operations research by

having interactive components to visualize algorithms and their integration in the whole field,
certain didactical concepts are missing in almost the same manner as specific subjects. For example,
meta-heuristics are either not described at all, only given by static hypertext documents, or just as a
collection of interesting and interactive applets without the textual background explaining the
theory. Different forms of presenting general optimization results can be found, e.g. in Jones (1995).
As mentioned in the introduction above, the main disqualification of existing virtual learning

environments for meta-heuristics (and also partially operations research in general) is the missing
integration of reality-based problems and applications (which indeed is an old discussion in
general as pointed out, e.g. by Wolsey (1979) or Reisman (1997) by saying: ‘This profession
currently has more algorithms than applications.’). Therefore, we will demonstrate below how the
knowledge from a theoretical course as outlined in the section ‘Teaching Basics in Meta-
Heuristics’ can be applied to real problems whereas the learner is extensively supported by the
virtual learning environment. The architecture of a modern virtual learning environment is briefly
described in the Section ‘Concept of a Virtual Learning Environment’. Using this approach the
learner can perform experiments using meta-heuristics without having the typical cleanroom
conditions that are commonly used in most examples. In this paper we focus on the description of
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our concept using steepest descent with restart mechanisms and simulated annealing as examples
without loss of generality. The final section provides some conclusions.
The research in this paper is part of the VORMS project (Virtual Operations Research/

Management Science; see VORMS (2002)) that started in 2001 at six universities in Germany. The
main goal within this project is the design of new didactical methods to present learning material
in the field of OR/MS. Here, the focus is the increase of motivation of the learners to actually
participate in the courses but also to see the importance of operations research methods in
combination with other fields.

Concept of a virtual learning environment

Before giving an explicit example of how to teach meta-heuristics, we are going to describe our
concept for a virtual learning environment that supports the learner having a motivating learning
experience by allowing (adaptive) configurations of the environment and the content itself. In addition
to certain features that should be given in any learning environment (e.g. presenting the learning
content in a structured form, using an intuitive interface for the presentation and navigation, or
hyperlinked course units), we have to integrate additional components to embrace the difficulty of
teaching and especially motivating learners to take courses in operations research without a tutor
being available all the time. Currently, it is a major problem to obtain the interest as well as develop
and support the motivation of the learnerF whereas we do not distinguish between different kinds of
learners, e.g. the distant learner, the enrolled learner, or the lifelong learner (Wedemeyer, 1981).
The technological implementation of a modern web-based virtual learning environment has to

be based on up-to-date technologies that follow international standards and, therefore, guarantee
a worldwide acceptance as well as (re)usability independent from certain software architectures.
Furthermore, the system should not be based on proprietary components, but be compatible with
different operating systems and should be free of copyrights. We focus on open-source software
packages by using specifications that are approved by committees like IEEE or W3C. Using
modern software and XML-based specifications like LOM (Learning Object Metadata), LMML
(Learning Material Markup-Language), or DocBook to encode the learning material, allows us to
build a flexible environment that adapts to the learners’ preferences instead of pushing the learner
into a given structure (Reiners, Rei� and Vo�, 2002b).
Figure 1 shows an overview of the system architecture as well as the structure of the learning

material. On the left-hand side, different learning objects (media files, applets, text, and formulas)
are shown, which are part of the learning material and combined to the required learning unit or
document. The right hand side of Fig. 1 shows a simplified system architecture with all relevant
components, i.e., the JSP-processes to create the graphical user interface, Apache Cocoon for the
transformation of XML-coded learning material to the required output format, the databases to
store the learning material as well as other information. A more detailed technical description can
be found in Reiners, Rei� and Vo� (2002a, 2002b).
The learning material is given in so-called learning objects. The following overview represents

the four realized types:

� media element, small and not further divided learning objects; e.g., text, animation, simulation,
video, or audio sequence;

T. Reiners and S. Voß/Intl. Trans. in Op. Res. 11 (2004) 225–238 227



� learning element (LE) being a composition of one or more media elements or learning elements;
� content module (CM) consisting of one or more learning objects, and is understood as a node in
the hypermedia network;
� thematic meta-structure defining guidelines how to use content modules to build thematic
structures relevant for a specific study goal; such a structure can be put together in individual
ways, thus adapting to different combinations and profiles.

The meta-data of the learning material is stored within a relational database. Learning objects are,
e.g. media objects, text passages, or applications, whereas their sizes are determined by their
semantic density. Learning objects are combined into larger learning units or complete
documents. The learning objects are linked within the database allowing the learner a compilation
of learning material on the fly according to the preferred learning experience like learning level,
complexity of the units, degree of interactivity, or just the visual presentation.
Furthermore, authors can implement learning paths for certain groups of learners by

combining the learning material and setting links between the learning objects. As mentioned
above, interactivity, navigation, and communication are the main aspects for a framework. We
use a browser-based approach to have an already available support for certain standards (e.g.
Javaapplets, media elements, or plug-ins) so that we can concentrate on other factors, which are
the development of new and innovative applets and software, as well as the integration of a
communication interface for learner-learner and learner-tutor communication. For a more

Fig. 1. Structure for a web-based virtual learning environment.

Notes: XSL: Extensible Stylesheet Language, JSP: JavaServer Page, PDF: Portable Document Format, WAP: Wireless

Application Protocol, DB: Database
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detailed description of a concept for a virtual learning environment and its architecture we refer to
Reiners, Rei� and Vo�, (2002a) where other technologies like hyperbolic trees and SmartBars are
introduced in the context of learning environments.

Teaching basics in meta-heuristics

Our course on meta-heuristics within the virtual learning environment has to introduce the
learner to the basics, assuming no specific prerequisites or previous knowledge about the subject.
Even though we have to describe the basic concept of local search (as an essential part of most
meta-heuristics), the main focus should be the transfer of knowledge about the meta-heuristics
such that the learner understands the concept and also gains the capability to use it within
real-world scenarios.

Meta-heuristics

The formal definition of meta-heuristics is based on a variety of definitions from different authors.
Basically, a meta-heuristic is a top-level strategy that guides an underlying heuristic solving a
given problem. That is, a meta-heuristic is an iterative master process that guides and modifies the
operations of subordinate heuristics to efficiently produce high-quality solutions. It may
manipulate iteratively a complete (or incomplete) single solution or a collection of solutions.
The subordinate heuristics are, e.g. high- (or low-) level procedures, simple local search, or just a
construction method. Meta-heuristics may use learning strategies to structure information in
order to find optimal or near-optimal solutions efficiently; see, e.g. Glover and Laguna (1997),
Osman and Kelly (1996), or Vo�, Martello, Osman and Roucairol (1999). This definition has to be
explained stepwise by describing the components as well as their interactions.

� General description of a solution space and the idea of meta-heuristics

Assuming a given problem, the goal is to find an optimal or at least a high-quality solution.
Each problem is associated with a solution space containing all feasible solutions according to
the restrictions of the problem. One way of finding an optimal solution can merely be the search
through all solutions F also called complete enumeration F and selecting the best one.
Unfortunately, the size of the solution space is too large to accomplish all comparisons within a
realistic time span and, therefore, heuristic methods have to be applied that limit the search on
interesting areas of the solution space (whereas the learner should have a reference to a further
learning unit explaining complexity theory).

� Description of the main components of meta-heuristics

* Problem formulation: For example, a traveling salesman problem (TSP) defining a
minimization problem, where a number of cities has to be visited exactly once at minimum
cost.

* Objective function (value): An objective function for validating and evaluating solutions has
to be given and an order has to be defined. For instance, it must be possible to determine
which of two solutions is the better one.
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* Solution representation: Different data structures can be used to store a solution for a
problem. Examples for a representation are binary or permutation vectors. For instance, the
TSP can be coded as a vector of n elements, with n being the number of cities numbered
from 0 to n� 1.

* Move: A move is the transition from one solution to another solution using certain rules; see
the following section for examples.

* Neighbor and neighborhood: The neighborhood of a solution is defined as the set of
solutions (neighbors) that can be reached from that solution by one move.

� Relation between these components

� Interactive examples to experience and memorize various meta-heuristics

Well-known examples of meta-heuristics are, e.g. simulated annealing and tabu search. In this
paper we focus on steepest descent and simulated annealing to illustrate the concept; see Ribeiro
and Hansen (2002) or Vo� (2001) for a more detailed description and references regarding
additional meta-heuristics.
Both meta-heuristics are local search-based algorithms where, beginning with a given starting

solution, the neighborhood is searched for the next move to be performed. The selection criterion
for steepest descent is determined by the objective function value. That is, assuming a
minimization problem a neighbor with a lowest objective function value is selected and becomes
the starting solution for the next iteration. This process is repeated until the neighborhood does
not contain solutions with F in case of a minimization problem F lower objective function
values. This solution is the result of the algorithm and represents at least a local optimum.
A drawback of steepest descent is the fact that it starts from one solution and only has downhill

moves. Therefore, only a small fraction of the whole search space is visited, leaving a large number
of solutions untouched and uninvestigated. Two simple methods to avoid the lack of visited
solutions are the restart of the steepest descent from various random solutions in a loop or the
performance of several random steps to a new starting solution. The solutions of all descent runs
will be compared and one with the best objective function value will be returned as the final result.
Simulated annealing improves the neighborhood selection by allowing a (occasional) selection

of neighbors with inferior objective function values resolving the problem of getting stuck in local
optima. Based on a temperature that decreases over time and a given cooling schedule the
probability of selecting an inferior move is calculated by

Do0 _ e
�D
t 4Rp

with D5 f (t0)� f (t) being the delta between the objective function values f of the current solution t
and the randomly selected solution t0 from the neighborhood, Rp being a pseudo-random number
drawn from a uniform distribution on (0, 1), and t being the temperature set by the cooling schedule.
The search is terminated after a certain number of iterations returning the best found solution.

Interactive visualization of meta-heuristics

Based on the general description in the previous section, we will discuss how an interactive realization
of a virtual course on meta-heuristics can be done. Figure 2 shows on the left-hand side a possible
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visualization of a solution space in form of a mountain landscape. For a minimization problem the
peaks are ‘bad’ solutions and the valleys are the ‘good’ ones. The search ‘just’ has to find the lowest
point in the solution space and output its location and the solution belonging to it, respectively.
A common analogy of the search process uses a ball being placed on a peak. Using steepest

descent the ball will roll downwards into a near valley, being at least a local optimum, and
the method stops returning the current location or solution. Simulated annealing and other
meta-heuristics on the other side provide special mechanisms to propel the ball over the next
bump as shown on the right-hand side of Fig. 2. Therefore, the algorithms might find better
solutions due to fewer restrictions; see also Woodruff (1994) for another nice analogy using a
drawn line on a chalk board.
The following example shows a permutation vector representing a solution for the TSP as

described in the previous section; note that a binary vector would be displayed in the same way.
The solution shown in Fig. 3 on the left hand side describes the round-trip along the cities 0 to 4
and back to 0 with a trip length of 73 (objective function value).
Examples for moves are exchanges of two elements within the solution vector as shown on the

right hand side of Fig. 3, insertion moves, where an element is moved from one position to
another one, or add-and-drop moves, where elements are added or removed from the solution.
The representation of the move as well as the solution should be interactively designed allowing
the learner to see how solutions are changed. This can be done by having explanations for
elements popping up while the mouse passes over one of the elements, letting the learner perform
the move by dragging elements, or having an animation to demonstrate, e.g. the exchange of two
elements.
The learning material for solution and move representations is followed by a course unit about

neighborhoods. The neighborhood depends on several factors like the type of move or solution
representation, but a general visualization can be given as shown in the following example. Within
an interactive animation, moves from a given starting solution, which might be a randomly
generated solution or the output of another (simpler) heuristic, are displayed forming the

Fig. 2. Solution space and local.

Fig. 3. Solution and move representation.

T. Reiners and S. Voß/Intl. Trans. in Op. Res. 11 (2004) 225–238 231



complete neighborhood as shown in Fig. 4. The shade of gray corresponds with the objective
function value, i.e. a darker gray symbolizes a better quality according to the optimality criterion.
These introduced components are used (in variations) within meta-heuristics and have to be

internalized by the learners before continuing. Variations are, e.g., the number of calculated
neighbors before initiating a move (simulated annealing does not require to know all neighbors
whereas steepest descent has to select the next move between all neighbors) or allowed moves
(tabu search might restrict possible moves).
After introducing the main components of meta-heuristics, specific algorithms like simulated

annealing or tabu search can be explained. For simplicity, we set the focus on steepest descent
with random restarts and simulated annealing. Other meta-heuristics could be presented in the
same way using further visualization in terms of parameters or extra information like tabu lists.
The traversal or trajectory through the solution space should be presented as an interactive
animation where the learner can either observe the process or actively select the ‘correct’ neighbor
according to the meta-heuristic strategy as part of a learning process. A realization of such an
animation can be realized similar to Fig. 5, which shows the final result after a local optimum is
reached using simulated annealing. Here, neighbors are indicated if they are either not considered as
a neighbor at all or being rejected due to the selection criteria based on the temperature. Note that
the rate of rejecting a solution increases over time due to the fact that the temperature is decreased.

Starting
solution

Starting
solution

Starting
solution

Move Move
Neighbor

Neighbor

Fig. 4. Visualization of a neighborhood for a given solution.

Starting solution

Local optimum

rejected

not evaluated

Fig. 5. Moving through the solution space.
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We developed an applet allowing us to visualize meta-heuristics as well as their components; see
Fig. 6. The example shows steepest descent for a traveling salesman problem where the solution is
represented as a permutation vector s with si being the number of the city on the tour. On the left-
hand side, the screenshot shows the definition of the problem instance allowing the adaptation of
the problem size as well as the values of the edges. The middle part shows the visualization of the
solution process; the current solution is shown including a history of previously visited solutions.
The list of solutions in the middle column represents the neighborhood of the current solution.
Cities that were exchanged according to the definition of a move to a neighbor are emphasized as
colored elements. The learner has several options to use the applet. The learner can watch an
animated walk through the solution space, walk step-by-step towards a local optimum reading the
course material, or interactively perform the search by selecting the next step. Furthermore, the
details of the animation can be chosen, either the solutions are directly copied to their new
position, are moved slowly, or even the move itself is presented as shown in Fig. 3. Further
windows can be opened to visualize the development of the objective function value or a log file of
all previously executed steps.
A similar representation can be used for other meta-heuristics. The neighbors with deteriorating

objective function values can be selected depending on a temperature-driven probability function
within simulated annealing and, therefore, have to be specially presented. This can be done using
colors for the solutions. Tabu search memorizes visited solutions that cannot be revisited as long
as they are in a so-called tabu list. In this case, solutions could be crossed out within the
presentation of the neighborhood.

Visualization of the learning material

A disadvantage of most learning environments is the adaptation to the learning level. For
instance, the previously-described learning unit would be useful to beginners not having a detailed

Fig. 6. Applet to demonstrate the internal processes of meta-heuristics.
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background in operations research. In case of advanced learners who want to learn about new
algorithms or need to look up details, the illustrative presentation is both too long as well as not
detailed enough. For this group, a learning unit needs a clear focus and a profound explanation
using, e.g., mathematical formulas. A learning unit for advanced learners could be as described in
the following paragraph.
Steepest descent starts from a given initial solution t, which is, e.g., randomly generated and

searches for the best (local) solution t0 in the neighborhood of t, denoted as N(t). In the case of a
neighborhood containing a solution better than the best solution found so far, with respect to the
objective function value, a descent move in this direction will be performed, i.e. the new solution
will become the center of a neighborhood N(t0). Otherwise, the descent is terminated and a local
optimum t*5 t0 is found. This local optimum cannot be understood as the optimal solution
because the heuristic is missing a feature to force itself out of the found valley and eventually fall
into a deeper one. Another possibility for a variation of a descent algorithm is, e.g., first
improving descent where the first neighbor with a better objective function value is chosen. The
following pseudo-code describes steepest descent where icmax is a parameter indicating a
maximum number of iterations.

ic 0 ðiteration counterÞ
t ‘‘Random Solution’’

do

ic icþ 1

for all t 0 2 NðtÞ do
if f ðt0Þo f ðtÞ then t� t 0 end

end

t t�

while not ð‘‘stop criterion’’ _ ic4icmaxÞ

Interactive examples or visual representations can be referenced in the learning material, too, by
using hyperlinks instead of direct inclusion. Therefore, the advanced learner gets a short but
sufficient explanation, without unnecessary and maybe distracting visual extras. We should note,
that even the mathematical representation allows a variety of interactivity like the description of
variables if the mouse is moved over them, links from equations to their derivation, or animated
execution of the pseudo-code in a debug-mode where the content of the variables is shown during
execution time. On the other side, the beginning learner can also get the mathematical formulation
using integrated links but should not be directly confronted with too many details.

Teaching meta-heuristics: From learning to applying

The learner has to work actively on non-trivial problems to achieve certain skills in operations
research. Therefore, we have to extend the virtual learning environment by a further component with
the main intention of supporting the application of the learned knowledge. The learner uses the
existing learning material to study the fundamental principles of OR like algorithms, models, and
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solution procedures. This learning phase is mainly supported by simple interactive examples that
visualize the underlying concepts and demonstrate the behavior of methods. Regarding an improved
internalization process, the learner should apply the gained knowledge to larger and in particular
realistic problems that might even be part of ongoing research projects or, e.g. instances of problems
from an Internet library that might even not be solved to optimality so far; see, e.g., OR-library (2002).
Supported by the learning environment, the learner has to design a solution approach to solve

given problems as good as possible using existing and configurable software packages. This
software can either be a commercial tool having graphical user interfaces to enter the problem
together with parameters for the solution algorithms, or software libraries ( frameworks) that
contain more or less reusable codes but also require some programming knowledge. To provide a
strong integration of the software into the virtual learning environment without having large media
or technology breaks, we use the framework HOTFRAME (Heuristic OpTimization FRAME-
work) by Fink and Vo� (2002). The framework supports both adaptable components that
incorporate local search based meta-heuristics and an architectural description of the collaboration
among these components and problem-specific complements. Methods such as steepest/first
descent, simulated annealing, and tabu search are included next to evolutionary methods, variable
depth neighborhood search, candidate list approaches, and some hybrid methods.
Even though the learner has to provide some code fragments F in this case in C11F for

certain problems, it is almost impossible to ask for a full understanding of the framework
and its implementation. Therefore, we provide an interface to configure the main com-
ponents of the meta-heuristics like the solution representation, the move, and the neighborhood
according to the problem type and receive an automatically-generated source code with todo-parts
that have to be replaced with special source code from the learner. The todo-parts can range from a
simple method to read the problem formulation up to a complete new solution representation.
Figure 7 shows the complete sequence that the learner has to perform being continuously

supported by step-by-step instructions within the learning environment. Using a software
generator for the framework the learner needs to specify the problem as well as algorithmic details
by selecting predefined meta-heuristic components to be used in the later program. The generator
itself does not output a final program but a customized source code, which has to be completed by
the learner. Finally, the virtual learning environment provides an environment to execute experiments
where the compiled program is executed on several problem instances with a variation of specified
parameter settings for the meta-heuristics. The results are collected and can be evaluated by the
learner using several statistical methods and visualization forms. Note that we do not implement the
all-in-one device suitable for every purpose for comparison of meta-heuristics being applicable within
all scenarios. Even though our approach can be seen as a suggestion for a user interface to such a tool
the underlying logic and mechanisms for an adequate scientific evaluation and especially comparison
are designed to fulfill the requirements of learners. In this context, together with some students we
have developed an interface to manage problems, algorithms, and solutions of experiments as well as
an XML-based representation and storage of the corresponding data.
To fully grasp the rules and mechanisms to apply a framework one may have to manage a steep

learning curve. Therefore, a framework might enable an incremental application process
(adoption path); see Fink, Vo� and Woodruff (1999). That is, the user may start with a simple
scenario, which can be successively extended, if needed, after having learned about more complex
application mechanisms.
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In Fig. 8, we visualize a typical adoption path for the case that some of the problem-specific
standard components are appropriate for the considered application (see Fink and Vo�, 2002). In
this process, we quickly F after completing the first step F arrive at being able to apply several
kinds of meta-heuristics to the considered problem, while efficiently obtaining high-quality results
may require following the path to a higher level. The steps of the adoption path may be described
as shown in Fig. 8.

Fig. 7. Sequence for applying a meta-heuristic to a problem.

P

Step I: specify problem,
define objective function,

N1S

Step II: efficient
Step III: problem

specific
adaptatio

Nx S_A

meta-
heuristics

P

Step I: specify problem,
define objective function,

N1S

Step II: efficient
Step III: problem

specific
adaptation
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neighborhood
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Fig. 8. Adoption path.
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I. Objective function: After selecting an appropriate solution component, one has to derive a
new class and to code the computation of the objective function. Of course, one also needs
some problem component, which provides problem instance data. All other problem-specific
components may be re-used without change.

II. Efficient neighborhood evaluation: In most cases, the system that results from Step I bears a
significant potential with regard to improving run-time efficiency. In particular, one should
implement an adaptive computation of the move evaluation (which replaces the default
evaluation by computing objective function values for neighbor solutions from scratch). In
this context, one may also implement some efficient move evaluation that differs from the
default one (implied change of the objective function value).

III. Problem-specific adaptation: Obtaining high-quality solutions may require the exploitation of
problem-specific knowledge. This may refer to the definition (and implementation) of a new
neighborhood structure or an adapted tabu criterion by specific solution information or
attribute components.

IV. Extension of Meta-heuristics: While the preceding steps only involve problem-specific
adaptations, one may eventually want to extend some meta-heuristic or implement a new
heuristic from scratch.

Conclusions

There is probably no discussion about the necessity of transferring the content of traditional
lectures to virtual learning environments to effectively enhance traditional learning and training
methods in a society, which is becoming increasingly knowledge-based. However, because
network-based learning over the Internet provides new dimensions of organizing individual and
group-based learning processes, it will probably take years until appropriate ways of using the
new possibilities will be established. Many current learning environments on the Internet are not
even using the simplest options of integrating new didactical methods for supporting the self-
guided learning process but build static web-sites with some hyperlinks. Furthermore, even more
interactive learning environments do not support the idea of using the gained knowledge about a
certain research field to handle real-world questions and problems.
In this paper we outlined a learning unit for meta-heuristics. As in traditional virtual learning

environments we introduce the learner to the basics by demonstrating small interactive learning
units, including descriptive examples. Afterwards the learner is not left alone but being supported
and guided regarding the first steps of transferring the gained knowledge to larger and more
realistic problems. Especially allowing the learners to use software capable of solving large
problem instances implies that the learner is taken seriously F which helps the learner to gain
self-confidence F and that the learned methods can really be used in real-world problems F
which also helps to eliminate the prejudice that methods of operations research might be only
useful in theory.
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Abstract: The main focus of this paper is to show state of the art technologies and existing 
components of didactical concepts which can be composed in certain ways to enable collaborative 
learning via the web. We introduce pedagogical paradigms, upon which we build our 
understanding, approach, and implementation of synchronized blended learning. This paper also 
describes our technological and system architecture including up-to-date standards for a possible 
virtual learning environment and how it can be applied to support the synchronized blended 
learning approach. Practical examples of our approach, as well as diverse didactical settings in 
which our virtual learning environment can be used are also given. 

 
1. Introduction 
 

Didactical beliefs are changing over time and new ones are emerging to compete against already approved models. 
Within last years, one development of the belief was going in the direction of so-called blended learning. Blended 
learning implies that already known components of different methods, concepts, and didactical beliefs, usually used 
in isolation, are now combined flexibly to suit the needs of the learner for a holistic learning experience. However, 
blended learning seemed to be a buzzword for companies to improve their e-learning products over a long period, 
whereas the number of scientific publications is growing; see, e.g., Bonk (2005), Wilson and Smilanich (2005). In 
this paper we demonstrate how the idea of blended learning can be transformed into a consistent concept combining 
methods, didactical settings, and learning paradigms of already existing and successful conceptions of learning using 
a virtual learning environment (VLE) as a learning framework. Furthermore, we extend the term blended learning 
with the additional term synchronized to characterize the integration of innovative technologies and learning 
methodologies into our concept. Synchronized blended learning incorporates a contemporary, (semi-)automized 
synchronization process of the learning material between different learning modes such that all learners have access 
to the latest material (e.g., changes of the learning path within the classroom presentation are projected directly to 
the self-paced study; see Section 2.2). 

The concept outlined in this paper incorporates an approach that allows learners to obtain simple, flexible, and 
configurable support for an independent—in terms of time and location—learning process without losing the social 
aspect of inter-personal communication. Especially factors like location independent learning, navigation, 
communication, information presentation, and configuration are not extensively integrated in most system 
architectures. In Section 2 we present the pedagogical paradigms of the VLE. The advantages of synchronized 
blended learning are demonstrated in a short example. In Section 3 we briefly summarize our system architecture, 
which integrates several components to support the tutor and learner as well as synchronized blended learning, but 
also like to refer to other publications due to the focus of this paper; see, e.g., Reiß and Reiners (2004), Reiners et al. 
(2003b,c). 
 
2. Pedagogical Paradigms 
 
Because pedagogical and didactical aspects of possible teaching scenarios play a major role within the development 
and implementation of a VLE it is essential to identify and characterize the main target group before starting to 
develop a concept or design. One of the main success factors is a preliminary analysis of the target group concerning 
their affective, situative and cognitive affiliations (Frank et al., 2002a) towards the use and acceptance of new 
technologies and communication (e.g., e-mail, discussion boards or internet in general). Afterwards, the expectations 
of the target group should be evaluated qualitatively as well as quantitatively. Frank et al., 2002b, describe how this 



empirical research can be done to support customization of a VLE. To fulfill the expectations of those who are going 
to use the later implementation it is essential to build upon the learner-given fundamentals. 

Foundation for our framework is a moderate constructivist belief thus emphasizing the importance of authentic, 
multi layered, and diverse contexts as well as the social interaction. One main advantage of using hypermedia is its 
non-linear structure and the possibility to integrate diverse forms of presenting the learning material. Using 
hypermedia is especially effective when practicing problem-based learning because the structure of an extensive 
VLE closely resembles traditional learning environments. Learners can access references, literature, or articles in a 
similar way as in a traditional constructivist setting. 
 
2.1. Variations of the Didactical Context 
One of the main success factors regarding the motivation of the learners is the integration of diverse didactical 
settings within a VLE allowing an adequate selection in terms of finding the best individual learning experience. 
Personal preferences need to be considered; especially the possibility to a change of the medium of the learning 
material must be given at every point of time. The settings should be used according to their strengths, emphasizing 
the enhancement given by the inclusion of other methods. We describe three interesting didactical settings for a 
VLE, which may be combined miscellaneously within a synchronized blended learning approach. Note that all 
didactical settings can also be combined with non-virtual forms of presentation within a blended learning process. 

Self-paced Study: Learners navigate or browse (freely) through the VLE. On the one hand the navigation can be 
self-guided in terms of allowing the learner to follow links and references presented within the learning material 
similar to hyperlinks used to connect websites on the Internet. On the other hand, the learner may follow a 
certain given link (similar to a guided tour but not corresponding with certain course material) or use an 
extensive index, glossary, or search option to find interesting learning material. 

Virtual Course: Virtual courses resemble guided tours, for example, a tour of a given lecture. Based on the 
presented learning material in the classroom, the tutor defines a learning path that covers all relevant topics in a 
specified order. The learner is guided through the synchronized material from the classroom allowing him to 
learn the same content which was presented within the classroom. Furthermore, the virtual course extends the 
material by links and references to other relevant topics as well as allowing the change of the learning path to 
individual preferences like the order of the material or the style of presentation. 

Synchronized Blended Learning: As mentioned in the introduction, the term blended learning is not yet 
scientifically defined. It is mostly used in a popular scientific way to give the combination of existing approaches 
a new name. Our definition for synchronized blended learning integrates blended learning into a global approach 
thus improving the learning experience within a virtual learning environment. 

 
Blended learning is the combination of different learning methods and didactical concepts allowing the 
learner to select the most promising form of learning for a successful learning experience. The learner 
participates in a learning program to achieve a certain goal given by the teacher. "Plain" blended 
learning uses this context to offer different learning methods and didactical concepts. Synchronized 
Blended Learning builds on this and also supports the freedom to choose between didactical methods and 
technologies. Synchronized Blended Learning integrates an adaptive synchronization process to directly 
correlate pedagogical components of the different forms of learning methods and didactical concepts. 
This has to be realized and assisted, respectively, by one comprehensive technology allowing the learner 
to study within a uniform environment without the need to change media. 

 
Learners belonging to a specific group who all have a common learning goal and a common time schedule in mind 
(e.g., preparation for an exam) have the opportunity to learn with a mixture of presence phases and self study phases. 
This approach utilizes and innovatively combines pedagogical components—that have been shown to be effective 
within different settings—and integrates them into a VLE, which can be used for different forms of presentation. We 
are in alignment with Nixon and Salmon, 1996, who believe in the importance of social interaction within a learning 
process. Social components play a major role in the learning process. Social interaction can be realized within web-
based VLEs by combining various didactical settings. For this reason use of synchronous and asynchronous 
communication within the mere virtual parts of the VLE must be integrated and encouraged. Interaction is supposed 
to be highly participative, therefore, it is a goal to motivate as many learners as possible to interact with each other 
and with the tutor (i.e., in form of collaborative learning). Once learners are doing this, they are taking control of 
their own learning process (see Nixon and Salmon, 1996) which is a superior goal of a successful learning process.  



In the context of synchronized blended learning communication possibilities play a major role. Our approach 
emphasizes the importance to offer technological possibilities to enable electronic communication while also taking 
into account the possibilities and boundaries of communication through and with new media. When designing 
learning objects for use on the web, it is very important to stay within the limits of what seems natural 
communication to the learners. "Natural electronic communication" may sound like a contradiction itself but many 
new communication channels have evolved over the last years and have been accepted by the younger generations 
(e.g., short message system (SMS), e-mail, chat); see Brunn and Frank, 2002. What is seen as "natural" 
electronically enhanced communication differs across different target groups. If the main target group has a high 
cognitive, situative, and affective disposition towards computers and new technologies it is reasonable to assume 
that e-mail, discussion forums, and chat rooms are seen as natural communication; see Frank et al., 2002b. 
 
2.2. Supporting Synchronized Blended Learning 
Before describing how synchronized blended learning can be supported, we leap ahead and give a short overview of 
the structure of the learning material and how it is semantically coded. Instead of having static learning units for 
different contexts, the learning material is stored in small units that can be combined to larger units or courses. As 
shown in Figure 1, we have four levels of units or objects having different granularity levels with the following 
meaning: 

  
 

Figure 1: Structure of the learning material 

Media element (ME) is a small unit without further partitions. Other objects are not included only references to 
other objects may be given. A media element can be text, animation, simulation, video, or audio sequence. 

Learning element (LE) is a composition of objects (media elements as well as learning elements) to produce a 
semantic unit.  

Content module (CM) is superior to learning elements and groups these to even larger units. The presentation to 
the learner within a VLU should be a table of content. 

Thematic metastructure (TM) also called course covers a whole thematic field in the VLU. 

Authors of learning material may start to construct media elements—the smallest units of "information". The 
granularity of these ME has to be specified with certain rules in advance which should be followed by the authors. 
Especially the coding of non-sensitive ME is important to allow a reusability of the same ME in different contexts. 



Examples for ME are components like text fragments, tables, glossary entries, formula systems, or media objects.  
MEs have to be encoded in a structured and standardized format so that they are independent from the visualization. 

Learning elements represent well-defined units—or containers—that encompass several media elements. Examples 
are sections within documents, complete pages for the presentation in a browser window, or a question for a test 
which might have the components text, graphics, and user interactivity. Learning elements are then combined to 
larger units—called content modules—which represent complete documents, courses, or the slides for a lecturer. 
Due to the adaptation of ME to their context within LE or CM, the learning material structure provides mechanisms 
to derive new ME from an existing one which can be modified to fit the context (see the German draft for a 
technical report by Reiners et al., 2003a). 

Furthermore, each media element—as well as the hierarchically constructed learning element and course modules—
is wrapped by a learning object meta-data wrapper (LOM wrapper), a certified standard to specify the features and 
content. LOM is a standard by the IEEE (IEEE Learning Technology Standards Committee, 2005, see also Reiners 
et al., 2003a, for a critical description of the standard) but there are also other standards like ARIADNE, which is 
based on LOM, SCORM, and IMS. For each ME different categories are used to keep information about the content 
itself, the lifecycle (i.e., the history of changes or its ancestors in case of inheritance from other ME), technical and 
educational specifications as well as descriptions of rights, relations, classifications, and annotations. The categories 
contain several elements, for example, to classify the ME in respect to the learning level (beginner, intermediate, or 
expert) or type of audience (undergraduate learner, graduate learner, or practitioner) by using an appropriate and 
defined vocabulary and level of detail. 

Here, XML seems to be the best choice according to existing technologies because it possesses the required 
implementation features, can be easily transformed to other standards by using XSL-transformations (e.g., to reuse 
learning materials in software from other vendors), and allows the usage of standard operations like full textual 
search. There are several established standards to encode different types of content, the following list specifies some 
used in the original or slightly adapted form within our project: MathML is a standard for the representation of 
equations, QTI for the representation of questionnaires and multiple choice tests, and especially LMML (Learning 
Material Markup Language) for classifying the learning objects in items like "exercise", "theory module", 
"algorithm", or "multimedia objects"; see Süß, 2005 for a detailed description as well as Reiners et al., 2003a, and 
Reiners et al., 2003b, for a discussion in respect of combining LMML with LOM. 

The suggested structure bares its advantages especially for authors (see, e.g., Reiß and Reiners, 2004) of new 
learning material as well as for tutors because existing learning material can be reused to derive new material. On 
the other side, new material can be integrated by using references to other learning objects which improves the 
comprehensibility for the learners. Furthermore, the learning material can be easily combined as building blocks to 
create slides for a lecture, handouts and scripts for classes, or documents like papers or books for publication. The 
following example for a general classroom scenario demonstrates how the structure of the learning material supports 
synchronized blended learning. 

The main aspect of synchronized blended learning is the integration and (new) combination of different learning 
methods. The design of the learning material has to be developed with respect to fulfilling different requirements of 
learners. While some learners prefer to learn in a classroom listening to a course presented by a tutor, others have 
time-schedules or other reasons like child care or illness which do not allow them to attend the lecture in the 
classroom regularly. The idea behind synchronized blended learning is the creation of equal prerequisites to all 
learners, whereas the different forms of presenting the content have to be synchronized. 
 
Figure 2 shows an example where the tutor presents learning elements using the visualization of slides (LE1S-LE3S) 
and gets interrupted by a question from the audience. Assuming that the tutor can answer the question by showing 
additional slides in form of an excursion (LEExcursion1S, LEExcursion2S), the classroom presentation would have been 
interactively changed in contrast to the planned course outline but would also be diverged from the self-paced course 
material covering this special classroom session. Therefore, the self-paced course has to be modified synchronically 
by adding special learning elements containing the textual counterparts of the slides (LEExcursion1, LEExcursion2). 
Furthermore, audio and video files of the learner asking the question as well as the answer of the tutor can be 
projected to the self-paced course allowing the distant learner to get the same information as the attending ones. 
Later on, the material, currently containing predefined learning elements without textual integration into the existing 
course material, can be adapted by rewriting or adding components as well as including further material from other 



sources like whiteboard animations. The synchronization and adaptation is not limited to classroom and self-paced 
course presentations but also guarantees up-to-date scripts and handouts.  
 

 
Figure 2: Synchronization process between the classroom presentation and the self-paced study 

 
Therefore, several methods of passing the knowledge to the learner have to be given, combined, and integrated into 
varying didactical conceptions, as described in the following list: 

Instructor-led classroom: The tutor presents the material to learners in a traditional face to face classroom. 
Learners can interactively communicate with each other and the tutor. To integrate this kind of presentation into 
a VLE, the tutor has to use the VLE in combination with an LCD-projector showing the same guidance and 
learning material the learner will have in later self-paced reviews. The tutor can use interactive elements like 
applets, exercises, or videos to design a more descriptive class; e.g., an electronic blackboard should be used for 
answering questions to combine digital with handwritten elements allowing a storage and later retrieval. 

Instructor-led virtual classroom: Similar to the previous approach except that the tutor and the learners are not 
in a traditional face to face classroom but virtually connected through a network. Learners can follow the actions 
of a tutor within their VLE—keeping a record of the path for a later review—and asynchronously communicate 
over a chat or e-mail system—using voice as well as typing—as well as a whiteboard, the electronic equivalent 
of a traditional blackboard. Access to the whiteboard is granted if the learner needs to formulate questions or 
answers. Especially server-based applications ensure that every participant can demonstrate interactive 
components to everyone. The learners have to be online if they want to interact but are also able to download the 
required learning material including path descriptions for a later review. 
 
Online mentoring: Compared to the previous two methods, the tutor is not actively involved in the learning 
process but is available via chat, e-mail, voice- or video-stream in case the learners have questions or need 
assistance. Furthermore, the tutor might be able to passively watch the learners and interfere if problems seem to 
be occurring. 

Interactive computer-based training: The learner uses the VLE to access the learning material. This can be 
done either by browsing—where the learner decides the order of the material—or by using a guided tour, which 
can be the (dynamically created) learning material of the last given lesson of a course. This approach offers the 
learner the most flexibility because the learning process is time and place independent and, therefore, the best 
alternative for learners who have a profession and can only learn in off-work hours. 

Library: As in classroom learning the learner can use literature available in digital formats. Furthermore, 
references to printed material are provided as well as an extensive glossary, index, and FAQs (frequently asked 
questions). Filters are used to limit the results to the current course of learning material. Intelligent searches are 
used to help the learner find adequate material. 

Exercise and quizzes: The learning process has to be accompanied by exercises to both test the learners' 
progress and give the learner feedback. The exercises adapt the material to the learners' background. At the end 



of a content module quizzes are performed to grade the knowledge of the learner. Preparation for a quiz is 
supported by the VLE by visualizing the learning material which is relevant for the test and which is meant for 
further reading. 

 
Collaborative learning is a substantial part of a blended learning approach and is, therefore, supported by the VLE in 
various forms. The following list describes the most important features within our approach: 

User management: The VLE supports an extended user management allowing the grouping of learners and 
tutors. These groups can either be the participants of a course or just a small learning group including only two 
learners. Furthermore, the user management is used for access restrictions within the learning material but also 
for further functionality (e.g., access to whiteboards or chat rooms). Finally, the configuration for the 
visualization of the VLE is part of a user management system. 

Time- and place-independent learning: In most cases, members of a group prepare the learning material by 
themselves and come together for further discussion and to solve problems. Therefore, the VLE has to support 
the scripting of the learning path as well as annotations and markings within the learning material by the learner. 
It can be used on- and offline by transferring all relevant information to a server, thus allowing the change of the 
working place whenever wanted. When working as a group, the information of all group members can be 
accessible for all. 

Communication/Sharing of learning information: Communication is probably the most important part in 
collaborative learning. Therefore, the VLE supports most common forms of communication whereas a restriction 
to certain learners or groups can be applied. Further methods are the exchange of bookmarks, annotations to 
explicit text passages, or learning paths. In cases where the group itself needs further assistance, the tutor (or a 
person having the required knowledge) can be contacted using chat, e-mail, or in case of being online, live voice 
or video streams as well as instant messaging. 

 
2.3. Example for Synchronized Blended Learning 
Teaching and learning simulation requires—besides good lectures—practical demonstrations and exercises. 
Therefore, we initiated a student project where students were asked to identify the requirements of a discrete event-
oriented simulation tool that can be used within the classroom, for exercises as well as exams. The list included 
standards like simple but powerful user interface, appealing graphics, and visualization of all processes but also 
further features which are described in more details before we demonstrate the integration into the synchronized 
blended learning approach; see Klie and Schalong, 2002. 

One of the main features of SimTool is the possibility of being able to configure basically everything. Next to 
selecting the language of the interface, the degree of functionality can be changed using XML-based configuration 
files, also called lessons. The user interface (menu, toolbar, list of components to build simulation models, popup-
menus for the components as well as items within the menus) can be adapted to the goal of a lesson; see also Figure 
3 part a) for a screenshot. For example, in the beginning, it might not be useful to give the learner all the 
functionality of the application but limit it to certain components (e.g., source, working station, and destination) as 
well as controls to start the simulation. Other components (e.g., parallel station) are blocked and can not be used or 
are not visible at all. Another feature is the script-oriented event-action mechanism by which the designer of the 
lesson can guide the learner. The XML-based script language can be used to do everything that the user can do with 
the user interface. Therefore, a lesson could start with a script building parts of a simulation model and asking the 
learner to finish it by inserting the missing components. The event-action mechanism allows reacting on events (e.g., 
inserting a new component, changing the attributes of a component, or fulfilling a certain outcome of production of 
goods). For example, the learner is asked to insert the missing components while events could be used to show 
messages whenever the learner is doing the right actions but also prevent—including the display of a message—that 
existing parts of the model are changed. 

According to the idea of synchronized blended learning SimTool can be interactively used within the classroom as 
well as in the self-paced study. Subject is the design of a small production line with three products which should be 
combined for the final product. Starting with a prepared lesson, the lecturer inserts a source for the first good while 
giving oral explanations about the source and its attributes. Inserting the second source triggers an event which adds 
the other sources as well as the corresponding attributes. Therefore, the lecturer does not have to care about 
repeating the same procedure three times. Afterwards, the model is finished involving the audience by asking for 
suggestions; see Figure 3 part a) and b). SimTool protocols every step in a new script—and here is the synchronized 



blended learning concept—being directly transferred to the self-paced study together with the audio comments from 
the lecturer. Within the VLE, the SimTool is used in view mode where no interactions besides start, pause, jump, 
and stop are possible allowing to follow the classroom lecture without missing material; see Figure 3 part c).  
 

   
 

Figure 3: SimTool within a synchronized blended learning concept 
 
3. Supportive Architecture for Synchronized Blended Learning 
 
Nowadays, almost every university is developing a VLE. Nevertheless, we had to define a concept and design a 
system architecture that allows an integration of the synchronized blended learning approach besides other 
components to support the virtual learning. Furthermore, we ask for other characteristics like the usage of up-to-date 
technology, current internationally accepted standards, and specifications by committees like IEEE or W3C, with 
prospect of future validity as well as usage of software that is not based on proprietary components, is compatible 
with different operating systems as well as free of copyrights. Because of these criteria we developed a prototype for 
a VLE, called SMARTFRAME, in which the synchronized blended learning concept will be integrated. The main 
factor within the design of the system architecture is the modularity. Therefore, all components are independent 
from each other (learning material, transformation of the learning material for presentation based on the user 
configurations, and the VLE itself) using a minimal interface for communication. 

The XML-based learning material is converted by special software (e.g., Cocoon (http://xml.apache.org/cocoon) in 
connection with the Tomcat-Servlet-Engine (http://jakarta.apache.org/tomcat/ index.html)) into the requested format 
which depends on the kind of usage, the settings of the learner—by using an adaptation mechanism for the style 
files—as well as the medium for the presentation. For slides presented within the browser it might be necessary to 
use a larger font while the same material can be transformed to a PDF-document with six slides on one page for a 
handout to the learners. Our approach for a VLE provides further innovative components like SmartBars to 
aggregate information about the content in a compressed presentation, Hyperbolic Tress to display navigational 
information as well as a history, different forms of communication and a high degree of freedom for configuration. 
For a detailed description, we refer to Reiners et al., 2002, Reiners et al., 2003a, as well as Reiners et al., 2003b. 
 
4. Conclusion 
Implementation and further development of technological innovations are crucial when designing a VLE. Even 
though the main priority is still the usage and further development of state of the art technologies we also place a 
major focus on pedagogical aspects. The pedagogical context, however, has been neglected by most related projects 
for too long. If a VLE is not built up according to pedagogical recommendations and guidelines, the success, 
acceptance, and the use of the VLE are questionable. Modern technology can only be used successfully to support 
learning if it is integrated into a complete approach which integrates technology, communication, and a social 



setting for learning. Our approach demonstrates how synchronized blended learning can be realized using a system 
architecture as well as design of the learning material described in this paper. The main target group and their wishes 
and needs must be evaluated to provide the necessary adaptation of the VLE to the requirements of the learners. We 
think that our approach of synchronized blended learning is one way of combining innovative technology with 
proven successful methodologies of teaching. Offering learners the possibility to choose between different types of 
learning processes which are adaptable to their needs, prerequisites, time schedule, and preferences will extend the 
acceptance of the VLE and increase the motivation and success of the learning experience in general.  
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Abstract: The quality of virtual learning environments is mainly depending on the quality of the 

presented learning material. This encompasses the scientific quality of the content as well as the 

surplus the learner experiences when using the virtual learning environment in contrast to
conservative learning methods. As our virtual learning environment offers a highly configurable 

platform for online learning content and the option to present the most adequate learning element 

according to a specific learners’ profile, the authoring process, including the generation of the 

content itself as well as the description of each learning object with meta-data, is way more 

complex than the generation of static HTML-pages. To be able to provide this service without 
lacking the quality and quantity of the content, we assist the author by developing a set of authoring 

tools for generating the content in an integrated environment which will be described in this paper.

The authoring tool is integrated in the virtual learning environment SMARTFRAME .

1. Introduction

In the last years, almost every institution being involved in the educational sector initiated e-learning projects. That 

is, they either integrated existing virtual learning environments in their curriculum or developed new technologies  to 

improve the quality in respect of technical as well as didactical presentation. Nevertheless, e-learning never really 

gained a true breakthrough as it  was always predicted (Heise Online 2003).  The number of exclusively virtual

courses at, e.g., universities, is still small. There are manifold arguments that can be found in literature; in terms of 

keeping the focus of the paper, we shall limit ourselves to the following ones:

• Limited output formats: Virtual learning courses require sophisticated content in such a way that a learner 

is attracted and motivated to prefer virtual learning over traditional offers. Whenever students are asked 

about the preferred media of the learning material, the result is “pdf or similar types” so it can be printed 

and read offline at every place. Even though other formats might not be required to get through to more 

learners, the disadvantages result mainly from static transformations before requesting the document. In 

terms of keeping the learning material up-to-date, the conversion to the requested output format should 

consider the users’ specifications.

• Static learning material: The learners’ characteristic should specify the presented learning material. 

Currently, most virtual learning environments follow a static model where the material is presented as 

given by the author with respect to structure and content.  That is, the material is encoded in HTML-files

that are given on a linear learning path.

• Missing support of learning material specific authoring tools: On the one hand, the virtual media has 

major advances as being adaptive to the current learning environment and learner, and being interactive. On 

the other hand, the authoring process exceeds the writing of static text  by far. Therefore, the first big step to 

a successful virtual learning environment is content that uses the advances of virtuality and, therewith, 

advanced authoring tools are required.
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The kind of authoring tool depends on the kind of learning material. In case of environments only supporting static 

HTML-pages, a preferred editor among a large amount of available software tools can be chosen. In case that the 

learning material should support modularity, different versions of objects with respect to language and content 

representation as well as classification of the content by semantical concepts, a sophisticated authoring tool is 

needed. The latter one classifies the content in specific groups allowing the learner to directly conceive the

document structure. Without anticipating Section 2, a typical structure for learning units might be a motivational 

part, a textual or pictorial block, and a conclusion. The modularization allows a user-specific presentation according 

to the configuration as well as difficulty level by selecting required objects. A learner of a beginner level might 

require the learning objects motivation , objective, and prerequisite to follow the subject, whereas the expert might 

only want the main definitions or theses.

The authoring tool presented in this paper is integrated in the virtual learning environment SMART FRAME (Smart

Technology for Research and Modern Education; see SMART FRAME 2003). The content is stored in hierarchically

structured semantic units, so-called learning objects, which are directly composed and transformed according to 

user-specific configurations and meta-data descriptions to the requested output format. Depending on the learning 

style and goal, the learner can select the form and density of the presentation. That is, if the learner repeats course 

units to memorize the most important facts, the learning material can be (automatically) condensed to the most 

relevant parts regarding the learners’ needs by hiding “non-relevant” and optional learning objects. This scenario is 

shown on the left-hand side of Fig. 1 (graphical presentation is left out), whereas the right-hand side shows the 

adaptation according to the difficulty level of the learner, where either an interactive (difficulty equals low) or the 

mathematical equation (difficulty equals medium) is shown.

Figure 1: Example of adaptivity within SMARTFRAME

The paper is organized as follows: In Section 2, we describe the structure, encoding, and characterization of the 

learning material as a basis for Section 3, the description of the authoring tool used to create the learning objects and 

their relation. Section 4 covers the second part of the authoring tool, which is used to enter the meta-data of the 

learning object following the LOM-specification. The final chapter comprises the conclusion as well as a short 

outlook on the future research.
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2. Structure of Learning Material

The structure and internal presentation of the learning material restricts the later options for presentation, reusability,

manageability, and flexibility of being used in different contexts. Following the idea of other projects (see, e.g., 

Advanced Distributed Learning 2003, ARIADNE Foundation 2003, and OR-World 2003) we apply a hierarchical 

structure (aggregation level) by distinguishing four different types of learning objects: (1) media elements are small 

units without further partitioning, i.e., other objects are (besides few exceptions) only referenced, (2) learning 

elements are compositions of media as well as learning elements to produce semantic units, e.g., web-pages or 

sections in printed documents, (3) content modules combine subordinated learning objects to, e.g., courses or 

seminars, and (4) thematic metastructures  describe a thematic field, e.g., the scientific work of a department or the 

course set to obtain a degree. 

Figure 2: Structure of the learningmaterial

 Furthermore, each learning object is split in the XML-coded content part and its describing meta-data following the 

slightly modified LOM -specification; see (IEEE Learning Technology Standards Committee 2003) as well as 

(Reiners et al. 2003a) for a list of changes). Meta-data allows reusability, classification with respect to several 

criteria, and recovery in a large pool of objects. Therefore, each learning object is specified by meta-data as shown 

in Fig. 2 on the lower right-hand side. In our approach we decided to use LOM, which basically arose from the other

standards and is on the verge of being published as an IEEE-standard.

An XML-based  learning object coding was chosen due to its popularity, future perspective, and readability but also 

from a technological point of view, i.e. simple transformation to various (output) formats by using XSLT

(eXtensible Stylesheet Language Transformations; see (W3 Consortium 2003b)), processing by freely available 

tools, and standard operations like full textual search. Furthermore, we based our coding on LMML (see Süß 2003),

whereas several comp onents had to be adapted, especially in terms of refining the underlying didactical model as 

well as combining LMML with the meta-data specification LOM; see (Reiners et al. 2003b). LMML introduces 

further semantical classification of the learning material by dis tinguishing four categories. Fig. 2 shows on the upper 
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right-hand side structure modules (used to enclose and structure the content), content modules (to compose the 

learning material), structure objects (to build tables and lists), and media objects to include and classify the content 

itself.

The learning objects are encoded as XSP-files (eXtensible Server Pages) using the structure as shown in Fig.2. Lines

(1)-(4) define the type of the file as well as the used namespaces, line (6) will force the inclusion of code, e.g., to 

resolve links to other learning objects, and line (8) identifies the learning object by its granularity level

(smartframe:me corresponds to a media element) and a unique identifier (id_1).  The specific tag <smartframe:link 

…> allows the composition of objects in different ways; see (Reiners et al. 2003b). The XML-based learning 

material is transformed to, e.g., traditional printed scripts or web-pages. The transformation process of XML- and, 

especially, XSP-files is done with Cocoon (Apache Software Foundation 2003b), a specialized software running as a 

webapplication under the Tomcat Servlet Engine (Apache Software Foundation 2003c ).

3. Authoring Tool for Learning Objects

3.1 Overview

Figure 3: Screenshot of the authoring tool

As described before, the learning material within the SMART FRAME virtual learning environment is divided in small 

semantic learning objects, each of which is described using LOM-meta-data. Due to the structural affinity to a 

mathematical graph, we chose this presentation form as a basis for the authoring tool. A screenshot of the

application is shown in Fig 3.

Within a graph representation, the particular learning objects are visualized as nodes and the interdependencies 

between the learning objects are represented as edges, e.g., directed edges for is part of relations or undirected edges 

for is format of relations. The nodes are labeled either with the name of the learning object (retrieved from the LOM-

meta-data) or with the identifier which is used to name the learning object internally. As a powerful and user-

friendly basis for the authoring tool, we chose the TouchGraph LinkBrowser (see Touchgraph 2003), which is a 

Java-application or a Java-applet respectively distributed under an open-source license. Originally, the TouchGraph 

application displayed a structure described by a XML document. According to our needs, we customized the 

interface in a way that the structural information is retrieved from a database management system containing the 
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LOM-meta-data. A matter of particular interest here is the information describing the relational dependency, as it 

determines the connections between the learning objects and thus their arrangement. The different aggregation levels

(see Section 2) are displayed in different colors and, therefore, an easy differentiation is possible.

The user is able to select a single node (by clicking on it), drag a node including the attached ones on the screen (by 

holding down the mouse button and moving it around), zoom in and out for overview purposes , and collapse and 

expand child nodes, i.e., one can hide nodes attached to a specific one. The number at the corner of the node

indicates the number of nodes that are currently collapsed, i.e. are not shown. Furthermore, the user may rotate the 

complete graph structure and change the locality level (i.e., the number of node levels that are visible starting from a 

selected node) using a slider at the upper border of the applet. Basically, there are two modes in which the authoring 

tool can be used: an editing mode where the user may add, delete, and edit nodes, i.e., the learning objects 

themselves, and a navigation mode where editing capabilities are disabled and only the browsing functionality is 

available to the user. In the editing mode, the author is able to create new learning objects or delete them, change the 

most relevant parts of the meta-data and create and delete relations between the particular learning objects. As the 

authoring tool needs to have editing capabilities for the learning objects themselves, several dialogs are available 

which include a mask for editing the basic meta-data parameters, a dialog for choosing a file (e.g., an image file) and 

an editing window for modifying the XML learning object itself. The navigation mode can also be used to display a 

certain learning path and indicate, e.g., the learners’ progress within a certain context. For a convenient access to the 

learning object within the virtual learning environment, the author (or the user in browsing mode, respectively) can 

double-click on a node to receive a rendered HTML-presentation. Alternatively, being in the editing mode, the 

author may select the corresponding entry from the context menu.

3.2 Editing the learning material

In order to create a new learning object, the user may use a context menu (which pops up by pressing the right 

mouse button) or, if the new learning object has any relation (such as an is part of  relation) to an already existing

learning object, the author moves the mouse while holding the left mouse button from a selected node. Creating a 

new learning object the latter way, information about the appropriate relation is automatically inserted in the LOM 

database together with appropriate default values. Furthermore, a dialog allows the specification of further meta-data

as well as generating a skeleton learning object (checkbox in the left lower corner), which depends on the object 

type. In case of binary files, e.g. an image, the author is asked to select a file on the local hard drive such that the 

new learning object can be uploaded to the server. For XML-encoded objects an editor with the skeletal structure is

opened. In this window, the author is able to edit the XML in a habitual way assisted by a context -sensitive editing 

functionality. This functionality is available by a right mouse click within the editing text field and offers e.g. 

possible child elements at the given position in the XML document or possible attributes of the actual element. 

Information about the document structure is retrieved from a given XML Schema and can be customized by editing 

the schema-document. The written object is stored on the server using the technology as described in Section 3.3.

Both the LOM-meta-data and the learning object itself can also be subsequently modified. The author chooses the 

corresponding entry from the context menu of the desired node in the graph representation of the learning objects. 

The appropriate data (the LOM-meta-data or the learning object itself) are fetched and can be altered and stored 

again. If new relations between two learning objects need to be inserted, the author can connect two nodes by 

dragging (with the left mouse button hold down) from one node to the other, and choosing the type of the relation.

A frequently demanded task within the authoring process is the import of slides from lectures into the virtual

learning environment; here we use the representation in form of images. As our concept of learning material 

demands the encapsulation of the image itself in another learning object (e.g. for giving the image an appropriate 

title, see also (Reiners et al. 2003c)), the author has to be assisted. Therefore, the author selects a set of images from

the local drives, provides required meta-data, and starts the generation process where all slides with the

corresponding learning objects are inserted. Furthermore, a new learning path containing the slides is created and 

made available within the virtual learning environment. That way, the author is able to insert the slides of the 

complete lecture which than can be iteratively browsed by the learner.

As we provide a special structure for learning paths within SMART FRAME—not being in the scope of this paper—

the author is able to edit the learning paths using a special input mask providing functionality to filter the different 

levels of a single learning path, add new learning paths as well as creating intersection and sub-learning paths.
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Currently, an edit modus for learning paths using the hyperbolic graph structure is developed and will be available in 

the next release of SMART FRAME.

3.3 Technical architecture

Technically, the authoring tool is a Java applet which can be loaded using a web browser. As the applet acts as 

authoring tool as well as a tool for browsing the structure of the learning material, there are several parameters 

which affect e.g. the available functionality and the parameters regarding some preferences like the author using this 

application or the learning path to be displayed. The applet retrieves meta-data information from a MySQL database 

using the Java DataBase Connectivity (JDBC). As there needs to be a way to access the XML learning objects on 

the server directly, we chose the Simple Object Access Protocol (SOAP) (see W3 Consortium 2003a for an 

overview about the SOAP protocol) to transmit the data from the server to our client-applet and back. As SOAP 

natively supports messages (in the sense of the data transferred) in XML format, it perfectly fulfils our needs. On the 

serverside, we implemented a web service running on an Apache Axis server (see Apache Software Foundation 

2003a for further information). The XML document itself is wrapped in a SOAP envelope, send to the server, 

completed with the necessary technical parts of the document (e.g., cocoon-internal tags) and put there in the correct 

location. From the server, the document is transferred in the same way, likewise simplified by the technical parts of 

the document Binary data, such as images or video files, is encoded in the SOAP message as so called attachment 

and decoded at the server side.

4. Authoring Tool for Meta-data

The previous section described an authoring tool for the learning objects, whereas the meta-data edit functionality

was limited to the most important elements while setting the other ones to default values. Therefore, an additional 

HTML-based tool for an assisted editing of the meta-data was created. 

The meta-data specification LOM does not define the storage format, but XML seems to be the ideal format as it is 

structured, readable, and transferable into other formats by XSLT. Furthermore, the structure can easily be specified 

using an XML-schema. Unfortunately, an increasing number of learning objects results in the same number of meta-

data-files which have to be stored and searched whenever objects are requested with certain attributes. Therefore, we 

chose to map the XML-information to corresponding tables in a relational database. Search processes based on 

characteristics of the learning objects can efficiently send SQL-requests to the database. That is, the learner or author 

is looking for specific learning objects or, during the adaptivity process, alternatives have to be determined.

The authoring tool for the meta-data is browser based. After extracting the meta-data for the object from the 

database to an XML-file , the file is read together with its schema, which specifies, e.g., how often elements have to 

be included, what type they are, and where in the hierarchy they occur (see extract in the top-right corner of Fig. 4).

The author gets an overview of the elements on the current level as well as min/max-values and a list of sub-

elements (elements that are required but not entered yet are underlined).

Furthermore, a second XML-file specifies additional support for the author. For each XML-tag (defined by its 

XPath-adress), default values or actions can be set. As shown in the lower-right example, the vocabulary source of 

the interactivity level is set to LOMv1.0, whereas the corresponding value of the vocabulary entry can be set to 

either one of the specified values from very low to very high (being displayed to the author in a drop-down selection 

box as shown in Fig. 4 on the left side). Using this mechanism we can also provide an object related setting of the 

meta-data, insertion of default values for most of the values, and, therewith, support the author in one of the most 

time-consuming and probably most disliked process. Based on author specific settings defining default values for 

the current editing process, most meta-data values are set during the creation of the learning objects as described in 

Section 3. Together with object specific rules, the author only has to deal with insertion of elements like key words, 

context, or description.
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Figure 4: Screenshot of the meta-data authoring tool and extracts of its configuration files

Conclusion

Today, most virtual learning environments are based on static HTML-pages. This is completely understandable due 

to 1) the amount of time that has to be invested in creating highly modular learning material with each object being 

defined with meta-data and 2) the lack of authoring tools supporting the editing process. In this contribution, we 

demonstrated an approach, that maps the relation of objects using a hyperbolic graph, simplifies the insertion of new 

learning objects by allowing a direct extension of the graph, hiding internal structures of the encoding of the object,

and supporting the meta-data editing process.

SMART FRAME, the virtual learning environment including the authoring tool, is an ongoing research project.

Therefore, several further features are currently in development and will be implemented during the remaining 

project duration. That is, integration of the IMS meta-data specification, further support of the object editing process 

like handling of different language versions, and import of various document formats including its transformation 

into our learning object structure.
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Instructional Design and Implementation of Interactive  
Learning Tools 

 
 
 
 

 
 
 
 
 
 
 

 
Abstract: The usage of interactive learning methods can improve higher education by building 
modelling and problem solving skills. In this paper we focus on our experience in developing and 
implementing complex learning tools for teaching and learning in the field of Operations Research 
& Management Science (OR/MS). Here we want to show how teaching at university level in 
quantitative courses may be extended and enhanced. For this purpose we would like to present a 
field report including our pedagogical goals and instructional approach as well as the technological 
realisation of SimTool, a simulation tool especially designed for education. 

 
 
Introduction 
 
Only a close co-operation of media-didactical and program-technical developers ensures high quality and durable 
content. There are strong distinctions between the development of educational applets or learning environments and 
the development of “traditional” software in several aspects. In contrast with traditional software development, 
people with very different skills are involved in the development process, because there is a need of special 
technological and pedagogical resources like a consideration of aesthetic or cognitive aspects (see Koch 1999). In 
this paper we present some of the current advancements of SimTool. It is a simulation tool, specially designed for 
education within the classroom and the self-paced study. It demonstrates main principles as well as internal 
processes. SimTool is a source forge project and also part of the results of our research within the project “Virtual 
Operations Research/Management Science” – “VORMS”. The main goal of this project is the implementation of 
virtual courses in OR/MS. 
 
SimTool: Instructional & Technological Aspects  
 
Simulation tools are used to transfer the reality into a (simple) model, which can be used for experiments like 
introducing different machines to produce a good, or evaluating the influence of defects  (see, e.g., Eisenberg et al., 
2003). There are several (commercial) simulation tools , but most of these tools are not designed to be used within e-
learning. That is, special visualisations of internal processes, explanations, or adaptations to the student needs are 
not integrated. SimTool is a component oriented simulation tool, based on a discrete event oriented simulation 
engine.  
It includes special features like feedback to performed actions, guidance by the simulation tool while solving a 
problem, or adaptation of the difficulty level regarding the student's background knowledge. The design allows a 
high degree of configurability defined in so-called lessons, which allows lesson specific configuration. Simulation 
objects can be turned on or off, depending on the aim of the lesson. The functionality as well as the interactivity 
might be restricted with respect to required options to solve the task. The main focus during the development of the 
prototype was put on modularity, extensibility and reusability (see Klie & Schalong, 2003). Furthermore, basic 
pedagogical support such as a good visualisation of internal processes  and interactive components was designed.  
The user should be introduced to the “simulation” subject in a stepwise fashion. The content is represented in a 
manner that is easy to understand. Furthermore, the learner should be motivated by the system using interactive 
components. 
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An additional goal was the integration into an existing virtual learning environment (see Reiners et al., 2003).  
 
The tool has an easy to use, self-explanatory graphical user interface (GUI). It helps visualising simulation 
principles, which are usually hidden by simulation tools. Learners have the possibility to easily create basic 
simulation models. Furthermore, a demonstration facility is implemented. Therefore, a script language is used, 
which can be used by teachers for creating presentations for demonstration purposes. 
 
The simulation tool also allows interaction of the learners with the system. The initial simulation model is built by 
executing a script in the beginning, whereas, subsequent to the building phase, the student has to solve the given 
problem formulation by interacting with the simulation tool.  
Thus, the system is able to react to the learner’s actions and informs the learner about possible mistakes. The usage 
of a script language enables course designers to implement tutorials including further exercises for the learner. The 
system is able to check whether the learners have solved the task. The simulation will give useful feedback 
depending on the difficulty level and defined events. Therefore, an exception handling is implemented. The initial 
simulation model is built by executing a script in the beginning, whereas, subsequent to the building phase, the 
student has to solve the given problem formulation by interacting with the simulation tool. 
 
During the learning phase with SimTool the student is able to develop modeling and problem solving skills, based 
on one’s own experiences. The student may be motivated to go through further simulation trials in order to improve 
solution procedures (the final report shows the differences between various runs). Furthermore, there is a so-called 
recording-modus integrated in SimTool. If recording is activated, all actions of building a simulation model are 
recorded step by step.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There is also an additional possibility to communicate to the learners by giving short text information in a small pop-
up window or to show more complex information or tasks in the bottom frame of SimTool under conditions of 
chronological synchronism.  
 
When loading a recorded simulation model, all recorded actions and information will be displayed in “real-time”, 
which means in the order they were recorded and with the time intervals  used at recording. This feature supports the 
learner in understanding the process of building a simulation model: there is an analogy to the teacher in the 
classroom creating and explaining the model. Furthermore, the recording process can either be applied on new 
models or be started anytime during the modeling process.  

Figure 1: SimTool “Recording” 

 
 

description field 
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Java was chosen to be used for the implementation of SimTool, as Java is  an objected-oriented programming 
language especially designed for platform independent applications including browser-based environments in form 
of applets. However, not only the engines are created with Java. Easy to use GUIs which enable the user to create 
simulation modules without programming are also available.  
External files to keep information about the configuration, scripts to describe automatic sequences and events as 
well as the models themselves are stored incorporating a specially designed XML-schema. Thus, the files are 
readable and can be modified using modern editors.  
Mathematical probability distributions, movable elements and simulation components are implemented in a modular 
way. It is possible to add new distributions, new movable elements and new components without having to 
recompile the system. Other important design goals were the visualisation of internal processes of simulation models 
and their relation with mathematical issues and the possibility for the users to perform statistical evaluations. A 
learner should not only see movable elements jumping from simulation component to simulation component. 
Statistical information should also be made available. For example, the actual state of the components should be 
indicated by the use of different colours (blocked = red, processing an element = green, preparing= yellow and idle 
= blue). 
The aim of the system is to help teachers in teaching complex facts about simulation by using interactive examples. 
These examples can be built as tutorials where the student has to perform tasks. A deeper understanding of the 
subject “simulation” will require the learner to understand not only how the current example works. The learner 
must also understand the mathematical mechanisms that build the foundation of (successful) simulation. To support 
the learning processes , the system will work as an assistant for the user. Therefore, the system must be able to react 
on specific user actions. A possible way to implement this desired behaviour is allowing to attach conditions to 
instructions. An instruction will be performed only if its conditions are fulfilled. Settings of the components and 
model properties can be verified. If they are not correct, an instruction will be performed. Of course, an instruction 
can also be performed in the opposite case, if the settings are correct. In order to support the user in a tutorial, rule-
based exceptions are used. An exception is a combination of an instruction and conditions. If the conditions of an 
exception are fulfilled, the associated instruction will be performed. Therefore, the exception handling mechanism 
has to be implemented in a modular way. Exceptions can be seen as modules, which themselves consist of smaller 
units (conditions and instruction). This will help to realise complex tutorials, because the teacher can choose from a 
variety of script interface methods which can be used in the condition tests. 
Instead of defining internal Java API to write scripts via other Java classes, we use an XML-based script-language 
that comes with various methods to influence all components of SimTool. Thus, designer of simulation models 
including interactivity and event-driven components do not require knowing Java but can concentrate completely on 

Figure 2: SimTool “Playing” 

 
description field 
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the script creation process. Besides several advantages like no recompiling and the possibility of using any text 
editor, the complexity of writing XML-based scripts still requires work and knowledge, and, even though SimTool 
already allows basic recording of creation processes, it still requires some further development of advanced script 
editors. 
 
Configuration and Modularity 
 
The lesson file concept allows the teacher to disable distributions, components and routing algorithms. Furthermore, 
the language and the country can be specified to use a localised version of SimTool. To customize SimTool for a 
specific lesson, it would be better to have more possibilities. Both, more restrictions and a method to set reasonable 
default values are needed. In lessons intended for beginners, e.g., it is better to hide a lot of features in the property 
dialogues of components. 
The configuration file which is called “lesson file” stores information about the available components , activated 
GUI elements, etc.  
 
CONCLUSION 
 
SimTool supports the individual needs of the learner as well as the needs of course designers in the field of 
simulation. As a complex application it is designed like a small but complete learning environment for teaching 
simulation as well as being integrated in a larger-scaled learning management system. 
It allows a flexible, individualis ed, and experiential learning in higher education. Different from the traditional 
lecture and textbooks, the student can influence the processes and realis es the direct consequences of his action. 
SimTool allows a flexible design of course units by writing scripts to guide the students. That is, certain milestones 
are defined using the XML-based script language, help texts can be integrated that are presented with respect to the 
difficulty level of the students, and parts of free exploration with given limits are specified. The graphical 
representation of the simulation model can be adapted by including images. 
Simulation problems  consist of movable as well as non-movable objects, which have to be related to one another 
over time. In addition to scheduling problems within production planning, other fields such as project planning and 
scheduling, the scheduling of threads of computer programs, or flight scheduling can be realised by reusing learning 
units within other context.  
Based on our teaching experience we have come to the conviction that dynamical visualisations of complex aspects 
may support active learning processes based on one’s own experiences. Furthermore, the motivation of the learner 
may increase and lead to an active participation and a better internalis ation of the material presented. 
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ABSTRACT

Modern education of scheduling can be improved by using interactive learning methods in order to build and 

develop modeling and problem solving skills. In this paper we discuss some possibilities of supporting the 

teaching in the field of production planning and the demands for a digitally published virtual training course 

in order to depict scheduling problems vividly. To provide students with a valuable introduction to a

representative cross section of scheduling problems we present an interactive learning module  for a flow 

shop problem using the application SIMTOOL. This is a discrete event-driven simulation tool, especially 

designed for education within the classroom and the self-paced study to demonstrate main principles as well 

as internal processes.

KEYWORDS

e-learning, education, flowshop, interactive virtual learning, production planning, scheduling, interactivity

1. INTRODUCTION

Research and development in the field of e-learning is leading to a variety of virtual learning environments 

and support of education using information technology. These systems range from the simplest form of 

electronically providing students with slides of a specific course to complete virtual universities. The main 

goal is the improvement of education by increasing the availability of learning material as well as allowing 

the enrollment in entire virtual courses. This establishes the option for students to learn independently (in 

terms of location and time) from the presence university.

Currently several research projects exist with the objective to analyze the potential of using mo dern and 

innovative information technologies and to improve the education within (presence) universities. Especially 

virtual learning environments are seen as media to enforce variation of traditional academic education and, 

therewith, the overall learning experience of students.

While teaching a course on production in our institute we were enabled to gain experience on teaching 

scheduling problems  by means of different presentation techniques. Within our lectures both static slides as 

well as animations are used to present learning material on the same subject. Furthermore, several subjects 

may be observed and presented from different perspectives allowing a deeper understanding of the material. 

Based on reactions from students subsequent to the course, animated slides seem to stimulate more interest 

and even promote a better understanding of problems in the field of scheduling.

In this paper we want to show how teaching at university level in the field of machine scheduling may be 

extended and enhanced with a didactical focus on web-based interactive technology. For this purpose, we 

developed a java-based prototype of a discrete event-driven simulation tool including certain mechanisms for 

virtual learning environments. This application is used as a platform to develop interactive learning units by 
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simulating the behavior of, e.g., a production system. The primary goal is the integration of simulation

models for machine scheduling within self-paced studies allowing the students to interactively work with the

learning material. Instead of showing static diagrams and presenting textual descriptions of applications and 

procedures, we want to give the opportunity to explore the treated problem and develop solution procedures 

in a self-guided fashion with detailed feedback.

Scheduling describes the problem of finding a feasible schedule for a given set of m machines Mi (i=1, …, 

m), which have to process a given set of n jobs Jj (j=1, …, n). A schedule consists of the assignments of time 

intervals for each job to one or more machines. Schedules may be represented by Gantt charts  showing the

usage of machines (job-oriented Gantt chart) or processing of jobs (machine-oriented Gantt chart) on a time-

line, cf. Figure 1. The overall processing time (makespan) is determined by the finishing time of the last job 

or machine, respectively. Furthermore, a job Ji may be split into mj operations Oj1, …, Oj, mj
.
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Figure 1. Gantt charts (j indicates a job and µ indicates a machine)

Schedules may be subject to certain restrictions. These restrictions describe the characteristics of the jobs,

the machines, and their relations. Examples for job characteristics are preemption and precedence relations, 

examples for machine characteristics are, e.g., the number of machines or the kind of environment such as 

the flow shop. Within flow shops all jobs have to be processed on the machines in the same order. That is ,

each job Jj consists of m operations with operation Oji being processed on machine i.

Finally, an objective function has to be defined for the scheduling problem, which is commonly the

makespan. While there is a long debate about the usability of corresponding problems in the literature (see, 

e.g., Reisman et al. 1997) they may serve as excellent examples for teaching purposes. For a comprehensive 

discussion on production planning, machine scheduling, and especially flow shop scheduling the reader may 

be referred to Brucker (2001) or Domschke et al. (1997). The classification and characterization of

scheduling problems goes back to the work of Graham et al. (1979).

The paper demonstrates how a learning unit on machine scheduling can be designed. We focus on a 

special case of the flow shop problem where the jobs are transferred from one machine to another—as long 

as not all operations are performed—including the consideration of transportation times; cf. Stern and Vitner 

(1990), Panwalkar (1991), and Lee et al. (1997). The example in Figure 2 shows a rather realis tic model of a 

flow shop problem with two machines (M1,  M2), one warehouse, and three jobs (J1, …, J3), which are 

transported by an automated guided vehicle (AGV). The objective is to determine a feasible schedule, which 

minimizes the makespan.



IADIS International Conference e-Society 2003

522

Figure 2. Two-machine flow shop problem with transportation times

This example demonstrates the production system, but is not very useful to show exactly how processing, 

transportation, and waiting times add up to the makespan of the whole problem. Therefore, we present an 

overview of different applets that can be used by students to understand the problem formulation and to

interactively explore possible hazards in finding good (or even optimal) solutions, e.g., the order of the jobs, 

blocking machines, or transport units that are mainly moved empty.

In the next section we discuss some didactical aspects. In Section 3 we introduce the simulation tool 

SIMTOOL integrating the time dimension into the above model, which allows students to influence the 

production process and, therefore, the objective function value (makespan). Section 4 concludes the paper 

with a critical discussion on our approach.

2. DIDACTICAL ASPECTS

Advances in information and communication technologies lead to an increasing popularity of technology-

supported learning. That is, most universities are involved in projects to transfer their learning material at 

least to electronically available documents. This fact poses the question how education can profit

significantly from hypermedia and e-technologies. Within this context virtual and interactive learning 

modules have become crucial. Experiments are an important aspect of traditional scientific methods whereas 

a virtualization of such experimental exploration possibilities is difficult to realize in a way that allows the 

student to gain new insights of internal processes as well as to validate theories and methods. A primary goal 

of interactive learning material is to support the student to achieve better understanding for given problems 

by developing and testing own hypotheses.

Here, we demonstrate how to proceed from a classroom presentation to a learning unit for a virtual 

learning environment within a self-paced study. In general, the classroom presentation may contain slides, 

which are static—not counting special effects—like text zooming in or exploding screens. Therefore, a slide 

could contain the visualization of a flow shop problem as shown in Figure 3. Here, the transportation unit is 

in the focus transporting the job from the warehouse to the corresponding machine and vice versa. The 

lengths of the boxes for each machine represent the processing times of the jobs.
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The presentation of the example can slightly be improved by adding animations. Figure 4 shows an 

example where the transportation unit is moving between the warehouse and the machines while the time is 

visualized by an ongoing filling process of the jobs. Anyhow, the animation still misses interactive features 

such that a student is restricted to passively observe the presentation. Even simple features like moving 

forward and backward as well as changing the composition of jobs are not given.

Figure 4. PowerPoint presentation with integrated animation paths

Even though the process-oriented presentation is probably an adequate way for education, another form is 

common and closely related to the previous design. So-called Gantt charts present a coordinate system with 

time-machine axes in which the jobs are drawn according to their properties. Here, the movements of the 

transportation unit are not given but instead the interdependences of the jobs are easier to recognize, in

particular if each job is shown using a specific color. 

 Figure 5 demonstrates two examples of Gantt charts for interactive learning; cf. Hochbaum (2003) for the 

example on the right-hand side, and Hartmann et al. (2003) for the one on the left-hand side. Both applets 

demonstrate the usage of virtual and interactive learning but also miss certain important components. The 

student has to find the order of the jobs for a short time span by moving the jobs to a new location on the time 

line (using drag-and-drop). Errors and bad solutions are indicated but the user interface, first, lacks certain 

information, e.g., explanations, help, and traceability, and, second, at least of the applet by Hartmann et al. 

(2003), is not intuitive such that the student needs a large period of vocational adjustment. 

Figure 5. Examples for interactive flow shop applets within virtual learning material

The rapid growth in demand and usage of sophisticated technology does not necessarily result in a higher 

learning efficacy. For virtual and interactive learning material to be successful both its instructional as well as 
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the didactical design has to reflect the characteristics and possibilities of multimedia. Furthermore, the 

research publication in the field of cognition science should be considered for the design of the learning 

material, always with regard to the student. Particularly missing communication channels have to be

considered. Teamwork or discussions like in traditional presence courses are not given to the same extent in

virtual learning. In most virtual learning environments the student goes through the course by himself such 

that all required information has to be considered in advance. That is, all interactive components should be 

self-explanatory, a glossary should explain the most important terms, and prerequisites should be introduced, 

at least by short abstracts. 

The use of complex technology without the consideration of the didactical structure of certain content 

may require a higher level of total participant effort. According to the cognitive effort perspective (cf., e.g.,

Todd and Bensabat, 1991) individuals will adapt their strategies in such a way that they limit their overall 

expenditures of effort, as the subcomponents of cognitive tasks are made more or less laborious (cf. Alavi et 

al. 2002). The cognitive effort perspective may provide some insights how well designed interactive learning 

modules may influence learning in a positive way. The easiest possibility to reach a qualitative improvement 

of virtual and interactive learning modules is the consideration of experiences from teaching traditional 

courses. On account of this we would like to present a more illustrative interactive learning module with 

further self-explanatory and motivating features in the following section.

3. INTERACTIVE VIRTUAL LEARNING USING A SIMULATION TOOL

Simulation tools are used to transfer the reality into a (simple) model, which can be used for experiments like 

introducing new scheduling algorithms, different machines to produce a good, or evaluating the influence of 

defects. There are several (commercial) simulation tools but most of these tools are not designed to be used 

within e-learning. That is, special visualization of internal processes, explanations, or adaptation to the

student is not integrated. Therefore, we developed the application SIMTOOL, a discrete event-driven

simulation tool, specially designed for education within the classroom and the self-paced study to

demonstrate main principles as well as internal processes. Especially features like lesson specific

configuration, feedback to performed actions, guidance by the simulation tool while solving a problem, and 

adaptation of the difficulty level regarding the student's background knowledge.

The design allows a high degree of configurability defined in so-called lessons. Depending on the aim of 

the lesson, simulation objects can be turned on or off and the functionality as well as the interactivity might 

be restricted with respect to required options to solve the task. Furthermore, XML-based scripts can be used 

to define macros as well as events that control the learning process; cf. Klie and Schalong, 2003. A sample

lesson might be constructed as shown in the following example. The initial simulation model is built by 

executing a script in the beginning, whereas, subsequent to the building phase, the student has to solve the 

given problem formulation by interacting with the simulation tool. Depending on the difficulty level and 

defined events, the student is observed such that appropriate feedback is displayed. For example, if the 

distribution of a source has to be set to a normal distribution with a given mean and deviation value the 

event-action mechanism can be triggered in a way that all inputs that diverge by more than 100% from the 

expected values are rejected including a negative feedback in form of a textual explanation. This allows as 

much free exploration as possible without losing the control to the student.

SIMTOOL is still a prototype and, therefore, does not have a large library of components that can be used. 

The author of lessons might have to implement new components or extend the script language, which is 

intensively supported by the modular design of SIMTOOL. In the following example, some components need 

to be extended by further attributes and the control center has to be created. Even though this is a larger 

component and requires a skilled Java-programmer, several interfaces exist to access required information for 

the display and to implement the interactivity.

In the following, we sketch a learning unit allowing the student to explore the processes regarding a flow

shop problem. Here, we mainly focus on the students’ view about the design of components as well as the 

complete model. Incoming orders or jobs, respectively, (generator) are  stored in a warehouse and then 

transported to the machine according to their properties. Jobs are represented by immobile units (here a box), 

which contain a list (attribute) of the processes to be accomplished (which machines and, if essential, in 

which order) before being delivered to a customer (order/job termination) as well as the status of each 
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process. In the lower part of the screen the jobs are shown including their status (a list of processes including 

the expected processing time in time units whereas a process can be not started yet (-), currently processed 

(p), waiting to be picked up by the transportation unit (w), or being finished) and their current location. The 

links between the warehouse and machines are non-movable. That is, the jobs can only be moved by a

(automated) transportation unit (here emblematized by a palette, it can also be an AGV). Depending on the 

difficulty the amount of feedback as well as interactivity is set; the following description assumes a beginner. 

After starting the simulation, the transportation unit has to transport jobs between the warehouse and the 

corresponding machines (as defined in their processing list). Here, the student has to decide on the sequence 

of the jobs as well as the assignment to a machine. This is accomplished by pausing the simulation whenever 

an event occurs; e.g., there are no further events in the event list, the transportation unit reaches its 

destination, or the status of a machine is changing. Whenever the model is paused, the student has the 

following options: (1) Load a job to the transportation unit, (2) send the transportation unit to a new location,

(3) ask for hints, which can also be executed, (4) wait for the next event, or (5) just continue with the

simulation. Assuming the situation as shown in Figure 6 where the transportation unit is empty on its way to 

the warehouse, machine 2 finished the processing of job 4 and waits for pick-up, and machine 1 is processing 

job 1. Note that the order of the jobs being processed is defined by the student and might not correspond with 

the best possible solution. Here, the transportation unit performed the following transports: job 4 from the 

warehouse to machine 1, back to the warehouse (empty), job 1 to machine 1, where job 4 is waiting to be 

brought to machine 2, back to the warehouse (empty). Furthermore, the transportation unit waited at the 

machines for several periods. In the moment where the transportation unit arrives at the warehouse, the 

student has to load the next job according to his considerations. In case of loading job 2, the transportation 

unit is send to machine 2. Afterwards, the event “job 1 at machine 1 is ready for pick-up” is triggered (the 

student just continues the simulation) the transportation unit arrives at machine 2. Here, job 2 is automatically 

placed on the machine, while job 4 is loaded onto the transportation unit. Then, the student has to define the 

next action, here the transport back to the warehouse to deliver the completely processed job.

Figure 6. Screenshot of the SIMTOOL applet
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The simulation is finished as soon as all jobs reach the destination (order termination). All actions are 

written to a protocol, which can be analyzed by the student, compared to an existing Gantt chart, or stored for 

a later comparison with another run of the simulation model.

During the learning phase with SIMTOOL the student is able to develop production planning skills, 

especially machine scheduling, based on own experiences. Additionally, the student may be motivated to go 

through further simulation trials in order to improve solution procedures (the final report shows the

differences between various runs and the optimal solution). Over and above, within the implementation of a 

game-like approach solutions of different students may be compared in a high-score list, which should act as 

an incentive. The quality of the decisions made by the student is quantified by a score so the students can 

compete with each other. Hence, the motivation to deal with a complex subject may increase because the 

students participate more actively and absorb more of the presented material.

4. CONCLUSION

SIMTOOL as a sophisticated planning tool for teaching simulation allows a flexible, individualized, and 

experiential learning in higher education. The applet implements a learning unit that lets students

interactively experience a two-machine flow shop problem with transportation times. Different from the 

traditional lecture and textbooks that are more or less forms of a one-way communication, the student can

influence the production process and realizes the direct consequences of his action. Once the student manages 

to pass the task completely this leads to a deeper understanding and internalisation of the subject.

Furthermore, learning is independent from time and location, i.e., one may choose where, when, and how fast 

to study.

Of course, interaction is limited due to the existence of trade-offs between interactivity/feedback and 

implementation costs. The teaching effort will not decrease through this new technology at short notice, since 

a website cannot replace the human lecturer. But new information technology surely can enhance teaching in 

the field of production planning.

Hence, there are compelling reasons to incorporate SIMTOOL into virtual learning environments as well as 

traditional classrooms. SIMTOOL simulates realistic problems, e.g., a flow shop problem, allowing the

students to gain a better understanding of the problem itself and to design and test various solution strategies 

in an engaging environment. This allows the instructor to illustrate learning material using realistic instances

that reflect the true complexity of diverse planning problems. SIMTOOL allows a flexible design of course 

units by writing scripts to guide the students. That is, certain milestones are defined using the XML-based

script language, help texts have to be written that are presented with respect to the difficulty level of the 

students, and parts of free exploration with given limits are specified. The graphical representation of the 

simulation model can be adapted by including images.

Since scheduling problems usually consist of movable as well as non-moveable objects, which have to be 

related to one another over time in order to generate feasible solutions, the interactive simulation of the 

production process using SIMTOOL seems to be highly suitable. In addition to scheduling problems within 

production planning other fields such as project planning and scheduling, the scheduling of threads of 

computer programs, or flight scheduling can be realized by reusing learning units within other context.
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Within the last years several projects were initiated to use modern information technology to integrate virtual learning 
environments in the existing so-called presence or new virtual universities. While virtual learning environments are 
developed in projects at various universities new and innovative ideas are still necessary. In this paper we suggest a 
browser-based concept for location independent learning with highly configurable components by demonstrating how 
existing technologies like XML encoded learning material or hyperbolic trees can be combined and endorsed with an 
innovative way of information representation using SmartBars. Our concept demonstrates how to support an individu-
ally and flexibly configurable learning environment with concentration on factors like usability and navigation whilst 
keeping the social aspect of inter-personal communication. 
 

1. Introduction 
 
Modern information technology allows further varia-
tions of education besides the traditional presence uni-
versity. Especially in the context of growing numbers of 
students, fewer funds for education, and the desire to 
have a lifelong learning support, virtual universities 
might be one opportunity to support the education and, 
therefore, are currently opened in many countries using 
different strategies for their educational program 
(Hazemi et al. (1998)). These programs might provide 
only online-access to all course materials (e.g., 
Massachusetts Institute of Technology (2001)), but can 
also realize a full digital or virtual university where the 
learner is regularly enrolled as a student (e.g., Univer-
sity of Phoenix (2001), see also Björck (2001) for a list 
of virtual universities). The main goal of virtual univer-
sities is the provision of education with the same or 
better quality as in presence universities using virtual 
learning environments where the learner is navigating 
through the content while having access to services like 
communication with lecturers or teaching assistants or 
participating at tests. 
 
Even a superficial search in the Internet can reveal that 
almost every university is working on larger projects, 
mostly together with further partners from educational 
institutions or companies. Even if the search is concen-
trated on projects that are developing solutions being 
available for the appliance in education without further 
financial investments for the students or lecturer, the 
number is still enormous; examples at German universi-
ties are Virtueller Hochschulbund Karlsruhe (2001) and 

Learning Lab Lower Saxony (2001). Most of these 
learning environments use an interface to access revised 
lecture notes in HTML (Hypertext Markup Language) 
using hyperlinks to improve the usability as well as 
embedded Java-Applets (e.g., University of Melbourne 
(2001)) whereas other systems like ORWorld (2001) or 
Multibook (2001) have an advanced foundation due to 
the usage of XML (Extensible Markup Language) for 
the coding of the content but still do not provide enough 
flexibility to the user interface. 
 
One major problem is to obtain the interest as well as 
develop and support the motivation of the learner – in 
this context we do not distinguish between the kind of 
learner, e.g., the distant learner, the enrolled learner, or 
the lifelong learner (Wedemeyer (1981)) – and to find a 
demarcation to other projects implementing a virtual 
learning environment (VLE). Especially factors like 
location independent learning, navigation, communica-
tion, information presentation, and configuration are not 
extensively integrated in most system architectures.  
 
The focus of this paper is to describe a system architec-
ture together with special components with the objective 
to improve the learning process of learners as well as 
the development of new learning units by authors or 
lecturers. The authors have to code learning objects of 
the VLE in XML and, therefore, are independent from 
the later visualization and can mainly concentrate on the 
content. The only structural elements they have to pro-
vide are information about (cross-) references within the 
learning material (e.g., literature, glossary entries, or 
other learning materials) as well as the combination of 
the different learning objects to larger learning units or 



structured documents. For the visualization of learning 
material and the learning process itself, we are going to 
demonstrate a concept for a browser-based framework 
that supports an individually and flexibly configurable 
learning environment with concentration on factors like 
usability and navigation whilst keeping the social aspect 
of inter-personal communication. In this context, we 
introduce two innovative ideas for VLE to support the 
learner: hyperbolic trees and SmartBars. The former 
allows the navigation in the learning space including a 
history function as well as the visualization of relations 
between learning units, the latter are used to display 
information within the text in a concentrated graphical 
way.  
 
Furthermore, the possibility to configure the learning 
environment to the learner’s requirements for a pleasant 
learning experience has to be integrated in the VLE in a 
way that the configuration can be accessed independ-
ently from the location, time, and the connection mode. 
This is not given in most VLE due to the fact that they 
are either based on a client/server model where the 
learner has to be online while using the system, or dis-
tributed on a transportable device like CD or DVD, 
having the disadvantage of being bonded to a location. 
We suggest a consolidation of both modes by using a 
replication mechanism for the learning content, changes 
and annotations to the learning material as well as the 
learner profiles (see Section 3.1 for a representation of 
the system architecture). 
 
In Section 2 we describe the structure of the learning 
material as well as the system architecture consisting of 
a server and client site, which are both based on soft-
ware that is either open-source or available under an 
educational license. Section 3 introduces the prototype 
for a user interface by describing the possible interac-
tion and configuration for a potential learner as well as 
further navigation and communication principles that 
can be integrated into a virtual learning environment. 
Section 4 finishes the paper with a short conclusion and 
outlook.  
 

2. Structure of the Underlying Database 
 
The content of the VLE has to be encoded using a cer-
tain standard. In this paper, we describe an XML-based 
approach using several standards and a hierarchical 
structure. The hierarchy mainly consists of learning 
objects, learning units constructed from learning ob-
jects, and structured learning documents built from 
learning units. Due to space limitations, it is not possi-
ble to describe the used standards and structures with 
the required details but instead we have to refer to other 
sources.  
 

2.1. Learning Objects 
 
Learning objects (LO) are small objects describing the 
content of the VLE. For a consistent appearance of the 
VLE, the author should follow given guidelines for the 
writing style, the nomenclature, the design, and the 
structure of a specific VLE. The size and type of the 
content of the LO might be fixed by the type of the LO 
but the author can customize this under the objective 
that the granulation is to be set according to a planned 
reusability of the LO. Especially large LO are hardly 
reusable in other contexts whereas small LO (e.g., one 
sentence or paragraph) increase the complexity to build 
and handle the LO. Furthermore, the design of LO 
should consider that they can only be reused if certain 
directives are followed for all LO in the VLE. They 
should, e.g., be written without referencing the context, 
which means that phrases like "as seen in module X" or 
"we will describe this in module Y" should be substi-
tuted by simple references to other LO. The visualiza-
tion of references to, e.g., figures within the learning 
content can be done using standard phrases like “(see 
Figure X)”. Each learning object – as well as the hierar-
chically constructed learning units and structured learn-
ing documents – is wrapped by a learning object meta-
data wrapper (LOM wrapper), a certified standard to 
specify the features and content of LO. LOM is a stan-
dard by the IEEE (IEEE Learning Technology Stan-
dards Committee (2001)) but there are also other stan-
dards like ARIADNE (ARIADNE Foundation (2001)), 
which is based on LOM, SCORM (Cover (2001)), and 
IMS (IMS Global Learning Consortium (2001a)). For 
each LO different categories are used to keep informa-
tion about the content itself, the lifecycle (i.e., the his-
tory of changes or its ancestors in case of inheritance 
from other LO), technical and educational specifications 
as well as descriptions of rights, relations, classifica-
tions, and annotations. The categories contain several 
elements, e.g., to classify the LO in respect to the learn-
ing level (beginner, intermediate, expert) or type of 
audience (undergraduate learner, graduate learner, prac-
titioner) by using an appropriate and defined vocabulary 
and level of detail.  
 
Technically, learning objects can contain components 
like text, tables, figures, glossary entries, media objects 
like applets or movies, exam questions, or mathematical 
formulas. LO have to be encoded in a structured and 
standardized format so that they are independent from 
the visualization. Standard operations like search can be 
used, and the LO can be integrated in different VLE 
based on a similar standard. If the LO are coded non-
sensitive to their context, they can be used at different 
places, e.g., a picture of a car can be used to describe the 
production process but also in a simulation of an inter-
section within a traffic system. LO are implemented in 



XML using several established standards to encode 
different types of content. MathML (W3 Consortium 
(2001)) is a standard for the representation of equations, 
QTI (IMS Global Learning Consortium (2001b)) for the 
representation of questionnaires and multiple choice 
tests, and DocBook (Walsh and Muellner (1999)) for 
bibliographic information and publication structures. 
These standards might be adapted to a certain VLE 
(project specific standards) due to the requirement of 
topic-specific fields; other features are part of XML or 
have to be defined for the individual project in advance 
during the development of the database. 
 
2.2. Learning Units and Documents 
 
Learning objects represent the smallest units within the 
database and are mainly used to be combined to larger 
documents in different contexts. As shown in Figure 1 
the LO are used to construct larger learning units (LU), 
which are comparable to pages of a browser or sec-
tions/paragraphs within a book. In a final step, these LU 
are used to build structured learning documents (SLD) 
resembling courses, books, or guided tours.  
 
Usually learning objects are not directly applicable due 
to the textual consistency with other LO. Therefore, a 
new LO should be derived from the best fitting LO and 
adopted by performing the textual changes. Within the 
database the history of derived LO is recorded together 
with the original author and the changes. References to 
other LO are possible, e.g., to cite bibliographic items, 
which are also presented as LO. The LU are containers 
for several LO that can be combined to SLD. 

 
Figure 1: Structure and connection of learning objects, 

learning units, and structured learning. 

 
Within an authoring tool, which has access to the LOM-
database and therewith to the LO themselves, the author 
of any type of learning material, e.g., LO or SLD, is 
assisted to combine several LO to a LU or to inherit a 
new LO from an existing one without having to know 

the internal representation. Furthermore, the authoring 
tool would provide a convenient interface to search- or 
browse-mechanisms through which the author can get a 
survey of relevant LO she eventually wishes to combine 
or inherit from. 
  
2.3. System Architecture 
 
The system architecture as shown in Figure 2 uses a 
client/server-model with databases (e.g., MySQL 
(MySql.org (2001)) for the storage of LOM-Wrappers 
including links to the contents (LO, LU, SLD) being 
stored in documents, navigation information, news and 
discussion, and the learner profiles, which are kept pri-
marily on the server. Using a web-server (e.g., Apache 
(Apache Software Foundation (2001b)) and software to 
convert the XML-based LU (e.g., Cocoon (Apache 
Software Foundation (2001a) in connection with the 
Tomcat-Servlet-Engine (Apache Software Foundation 
(2001c))) into the required format, the learning material 
is visualized based on the settings of the learner – by 
using an adaptation mechanism for the style files. Be-
sides working online, a special offline-mode is sup-
ported by running a local Java-based engine to perform 
the access and transformation tasks on a local excerpt of 
the content database, which is partly downloaded based 
on the selected LU or SLD. Furthermore, the navigation 
database is transferred to the client and a local data 
storage for the learner profiles is used and later repli-
cated to the server as soon as the learner is online again. 
While being offline advantages of an Internet (or online) 
VLE like the communication with other learners and the 
continuous update with news and mail are not available. 
 

 
Figure 2: System architecture for the VLE. 



Another focus for the online-mode has to be the access 
time – long loading times would cause a decrease of the 
motivation level of the learner – and on the size of 
transferred learning materials. Especially for LO con-
taining software like applets demonstrating algorithms, 
the developer has to consider the download time, the 
resources for execution on the client (e.g., CPU or mem-
ory) as well as compatibility with other software. 

 
3. Browser-based VLE 
 
3.1. Visualization 
 
The VLE is displayed within standard browsers (e.g., 
Internet Explorer or Opera), which are available for 
several platforms (see Figure 3 for a screenshot of the 
VLE within the Internet Explorer). The page is divided 
into several frames, with a large main-frame for the 
content and further smaller sub-frames for toolbars, 
information presentation, and navigation. The top frame 
is used to display information like news, results, or 
statistics, depending on the current mode. The toolbar 
(8) on the right-hand side is used to select integrated 
functionality like navigation within the VLE or opening 
an extra window with a presentation of the hyperbolic 

tree as described in Section 3.3. A further sub-frame in 
the left top corner – not shown in the screenshot of the 
prototype – could be used for a logo or computer assis-
tant – presenting helpful comments, memory hooks, or 
motivation phrases – as well as a colorized marker to 
show the current topic of the learning material in the 
main-frame. 
 
One of the innovative aspects of this concept for the 
VLE is the integration of so-called SmartBars on the 
left-hand side of the main-frame to aggregate informa-
tion about the content. In most VLE information about, 
e.g., links, glossary, or bibliography is given in color-
ized or underlined text as well as included symbols, 
which interfere with a fluent reading process. Using 
SmartBars, the special information within the content of 
the main-frame is aggregated for the whole line in a 
corresponding part of a SmartBar – also called Smart-
Mark – which is drawn on the left side. Depending on 
the kind of information, the learner can access the in-
formation by having several options. Whenever the 
mouse is moved over the SmartMark, the information is 
displayed in the learning material according to their 
type, e.g., literature is shown by inserting the author 
names and the year of the publication and links to the 

Figure 3: Prototype of the browser-based Virtual Learning Environment. 



glossary by drawing a small symbol behind the corre-
sponding word, which is also changing its color.  
 
While the previous action shows the information only 
temporarily, performing a mouse click on a SmartMark 
toggles the visibility and interactivity in the content 
until a further action for this particular information is 
executed. The activated parts in the content lead to fur-
ther information by opening either a context sensitive 
menu or another window with the content of the re-
ferred subject. For example, the SmartMark (7) in Fig-
ure 4 displays the literature in the content that can be 
used to open a new small window with the complete 
bibliographic reference. The prototype includes four 
SmartBars, which aggregate information or references 
to index or glossary entries (red or (1)), literature (green 
or (2)), highlighted text by the learner (yellow or (3)) as 
well as links within the VLE or to external sources (blue 
or (4)). Further SmartBars could be used for indication 
of annotations, news, or discussion boards as well as 
footnotes. Besides interacting with a single SmartMark, 
the learner can use the icons above the SmartBars to 
turn on or off a complete type of information ((1)-(4)), 
toggle the complete information (5), or highlight certain 
text in the content and add a SmartMark (6), similar to 
the use of magic marker within printed documents.  
Within the VLE, the learner will be able to highlight in 
different colors, start discussion on a certain subject, or 
add notes. 
 
3.2. User profiles 
 
Whenever information about a learner is stored on a 
server, the learner has to be convinced that it is in his 

own interest and that the data is kept confidential and 
not used for an evaluation of the learner without his 
knowledge. If the learner works offline the collected 
data can only be accessed by the learner himself. This is 
not the case if the online-mode is chosen. On the other 
hand, the offline-mode has disadvantages like not hav-
ing access to the current version, news, and discussion. 
Stored data for the learner can be the following: infor-
mation about the learner, configuration of the VLE (e.g., 
colors, display of information within the text, learning 
level), current position within a SLD, bookmarks, notes 
to a special LU (notes can be written for every part of 
the content), highlighted text (the learner can select a 
text that will be highlighted), results and statistics of 
exams, exercises, homework as well as anonymous 
statistics to evaluate the overall result and to gain a 
feedback about the quality. The database is stored on the 
server such that a learner can use another computer 
having the same configuration as before. Even changing 
the mode from online to offline or vice versa is possible 
due to replicating parts of the database from the server 
to the client. 
 
3.3. Navigation 
 
The VLE has to support common navigation, e.g., back 
and forward with different step sizes, back to the differ-
ent contents (main contents, list of figures, tables, or 
pictures), or links. For a learner further navigation is 
necessary to find the required information without an 
extensive search process and to gain an overview of the 
interdependencies between the learning units. As shown 
in Section 3.1, SmartBars can be used to integrate fur-

Figure 4: Hyperbolic tree and history of last pages 



ther information like glossary or bibliography within the 
LU without affecting clarity of the textual presentation. 
The standard to visualize information like content or 
indices is a hierarchically ordered tree as it is commonly 
used within file browsers. We want to introduce the use 
of hyperbolic trees (see also Inxight (2001) for a hyper-
bolic tree representation similar to Figure 4, Touchgraph 
(2001) and Wissen.de (2001) for graph based maps) and 
colors to support the navigation, the representation of an 
overview as well as the history of the learning process. 
 
Figure 4 shows an example of the interactive way to 
display linked information. Each node represents a LU 
in the VLE, the color assigns the node to a specific 
topic, the solid arcs between the nodes are direct refer-
ences, whereas the indirect references are shown as 
dotted and lighter arcs. The kind of shown references as 
well as the depth – displaying a certain number of nodes 
or nodes within a specific subject – can be varied to 
receive the required information without causing an 
information proliferation. The learner can drag nodes to 
change the focus of the shown area and, therefore, can 
traverse the LU by their connection. Furthermore, the 
learner can analyze the path chosen during the learning 
session by following the thick arcs. On the right-hand 
side the history is given as a colorized first-in-first-out-
list with a new colorized element for each LU the 
learner visits. Using the slider, the learner can go 
through the history and select the requested LU. The 
colors illustrate the topic of the LU and allow a faster 
navigation within the history. The information about the 
connections is automatically gathered from the content 
of the database and stored in a separate one. 
 
3.4. Communication 
 
VLE are used for distant learning and, therefore, the 
integration of communication channels is an important 
aspect. Besides referring to the authors of text passages 
by announcing the (E-Mail-) address and Internet-
presentation, news and discussion boards can be used to 
discuss the content. The learner can begin a new board 
or annotation for every part of the content or on a cer-
tain subject. Other users can, if it is not declared as 
private or for a certain group of learners, access, read, 
and comment these. Therefore, the learners are sup-
ported to start working groups and discussion about the 
subjects in the VLE. The communication is supported 
by certain Internet technologies such as whiteboards, 
online video, Internet telephony, and document transfer. 
The advantage of a broad offer of communication pos-
sibilities does not only help the learners but also the 
authors due to feedback, error reports, and supplementa-
tions. A news channel can be used to announce lectures, 
events, or exams.  
 

4. Conclusion 
  
In this paper we have shown a brief overview of a con-
cept for a flexible VLE that supports the authors prepar-
ing the learning documents by using an XML-
foundation for the content as well as the learners by 
giving them the freedom to choose their personal con-
figuration, communication and navigation possibilities, 
i.e., SmartBars and hyperbolic trees, independence of 
the location as well as the choice of the connection 
mode. The VLE is not yet realized and later evaluations 
of learner's feedback have to show if the learner requires 
the flexibility and tools for navigation and communica-
tion. However, preliminary interrogation about the pro-
totype of the SmartBars revealed very promising re-
sponses. Furthermore, it will be an important aspect to 
force the development of authoring tools for the content 
within this project and to establish a refereeing process 
for the content of the learning material in order to keep 
a certain standard as it is common for contributions in 
scientific journals and edited books. The concept is 
intended to be realized within the VORMS project (see 
VORMS (2001)) that started in 2001 at six universities 
in Germany. 
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Abstract

E-learning can be seen as the latest technology hype at universities not
changing anything or a new methodology to motivate learners. Negative
examples of e-learning are HTML-pages of the learning material with-
out any extra value for learners. More advanced approaches support the
learner by several extras like interactive exercises but especially in case
of quantitative courses, there are further requirements for an adequate
presentation. In this paper, we demonstrate the development of Smart-
Frame, the prototype of a virtual learning environment incorporating
a hierarchical structured design of the XML-coded learning material in-
cluding meta-data definitions. Compared to the numerous other virtual
learning environments we directly apply the meta-data during the trans-
formation process of the learning material to the desired output format,
integrate innovative components for navigation and presentation of in-
formation within the learning material. That is, we focus on the learner
by using the individual configuration as well as behavior to support and
increase the learning experience.

We present two examples how courses in Operations Re-
search/Management Science can be realized. First, a simulation course
is sketched including the discrete event-driven simulation tool SimTool
for education and the learning method synchronized blended learning. The
other course is about meta-heuristics where the course outline includes a
presentation of the basics explaining local search and meta-heuristics, the
applet Meta-Visu to visualize meta-heuristics step-by-step, and a concept
how the theory can be internalized solving real-life problems within an
experimental environment.

1 Introduction

Thinking of education most of the lecturers as well as the growing number of
students at least in public universities in Europe are confronted with fewer funds
for education, crowded classrooms, packed seminars, limited capacity for office
hours, and insufficient practical experiences. Several (political) programs try to
limit student enrollments even though there are no significant changes so far.
Examples for such programs are higher university fees or required grades (nu-
merus clausus) to get into certain programs of study. During the last years,
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several (research) projects at universities as well as commercial companies were
initiated to analyze the potential of using modern information technology to
increase the variations of education besides traditional courses. Trying to over-
come the known problems and compensate the lack of lifelong learning support,
the idea of virtual learning environments (VLEs) as well as virtual universities
was born and also realized in numerous approaches using different technologies
and strategies (see, e.g., [19]). These programs usually provide only online-access
to all course materials (e.g., [26]), but might also be a completely digital or vir-
tual university where the learner is regularly enrolled as a student (e.g., [42];
see also [8] for a list of virtual universities).

The main goal of virtual universities is the provision of education with
the same or better quality as in presence universities using mainly VLEs
where the learner is navigating—on- or offline—through the electronically re-
produced learning material while having access to further mandatory services
like communication—with lecturers, teaching assistants, and other students—or
participation in (virtual) practical courses and exams.

Even a superficial search in the Internet can reveal that almost every uni-
versity is participating in projects developing VLEs, mostly together with fur-
ther partners from educational institutions or companies. Even if the search is
concentrated on projects that are developing solutions being available for the
appliance in education without further financial investments for the students or
lecturer, the number is still enormous; examples at German universities can be
found in [25, 43, 44]. Most of these learning environments have an interface to
access revised lecture notes in HTML (Hypertext Markup Language) using hy-
perlinks to improve the usability. Besides simple presentations of course material
without any further media pedagogical revision, different virtual collections of
learning materials can be found in the Internet using a more sophisticated ap-
proach than hyperlinked documents like embedded Java-Applets (e.g., tutOR
[41] and the thereon based tutORial [21]). Even though these developments
cannot be seen as a VLE due to the lack of essential communication, naviga-
tion, and content management systems, they are of great value for learners. The
combination of short theoretical introductions to different subjects including
an interactive component to visualize the theory by running several examples
is well balanced. Therefore, the learner is not demotivated by endless textual
explanations but enabled to directly apply the learned material to (small) exer-
cises.

Other systems like OR-World [30] or MultiBook [28] have an advanced foun-
dation due to the usage of XML (eXtensible Markup Language) for the coding
of the content as well as certain functionality to be called a VLE. Otherwise,
there are still limits in the flexibility for the learners that provide a more or less
strictly guided learning experience. Sophisticated—and established on the inter-
national market—commercial approaches regarding the support of teaching and
managing course material are, e.g., Blackboard [9] and WebCT [50]. In many
countries, e.g., the United States of America or Australia, it is common practice
to use proprietary software like Microsoft Excel within the classroom instead
of web-based learning environments. The lecturer can use the given function-
ality to easily implement complex visualizations of problem formulations and
their solutions including a step-by-step development, whereas the learner al-
ready knows the software and, therefore, can focus on the learning material and
given exercises; see, e.g., [7, 12]. The disadvantage of the latter approach as well
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as the commercial products is that they are proprietary software. The designer
might be limited by offered functionality and technology and, therefore, might
not be able to realize the desired didactical methods to present the material.

In general, the demands on the learning material, its presentation as well
as integration within a VLE depends on the subject. In this paper we discuss
some of our thoughts and experiences regarding the subject operations research
and management science (OR/MS). We have to identify the major didactical
methods for OR/MS being required to successfully teach the learning material
in an adequate way. For this reason, the subject OR is special with respect to the
strict necessity to acquire a multitude of knowledge as well as practical skills in
areas like modeling, algorithms, software-engineering, or project management.
To allow a self-paced class in OR, we have to ask for certain characteristics as
well as cognitive and constructive tools to support the learner within the VLE.

In this paper we focus on simulation as well as meta-heuristics as important
OR tools. For these areas we have to define certain (basic) requirements for
virtual self-paced courses. In simulation, we can distinguish two major types
of simulation tools. First, there are commercial products, e.g., emPlant, which
are rather integrating professional components to solve realistic problems than
supporting education. Second, research tools, e.g., simjava [24] or JSim [27],
integrating new ideas in the field of simulation are not focussing on supporting
learners, i.e., explaining the process of creating a model step by step. Further-
more, a simulation tool that extensively explains how to create models mostly
lacks certain features. Especially supporting methods that allow to observe the
learner and to react accordingly in respect to the learners’ input. Therefore, we
developed a simulation tool focusing on the didactical components.

Compared to simulation where the learner can find extensive learning ma-
terial in books and the Internet, meta-heuristics are either not described at
all, only given by static hypertext documents, or just a collection of interesting
and interactive applets without the textual background explaining the theory.
Therefore, the concept for a course has to include a complete overview of, e.g.,
local search as a basic mechanism of meta-heuristics as well as its application to
realistic problems. Besides constructing several interactive components to teach
the basics, we work on a concept to integrate a software generator allowing the
learner to work with ”real” software on ”real” problems.

To structure our thoughts the rest of the paper is organized as follows. First,
we describe criteria how to start the development of learning material for a vir-
tual course (Section 2.1), the necessity of practical experiences within the course
(Section 2.2), the structure of the learning material and presentational design
(Section 2.3), innovative components for VLE (Section 2.3.2) as well as the sys-
tem architecture supporting the preliminary developed concept (Section 2.3.3).
Furthermore, we briefly outline our motivation of developing a new VLE instead
of reusing existing ones. Section 3 outlines two courses: Simulation and meta-
heuristics. We present SimTool, a simulation tool to be used within VLEs and
describe how a course unit using SimTool can be realized especially in conjunc-
tion with the idea of synchronized blended learning (Section 3.1). Section 3.2
will outline briefly how a course on meta-heuristics can be designed, starting
with a basic introduction to local search, followed by applets explaining some
meta-heuristics itself, and completed by showing a possible way to support the
process of internalizing the learning material. Section 4 concludes the paper and
outlines the current status of our research as well as future developments.
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2 Technology based on Didactical Thoughts

2.1 Process Model developing Courses in Virtual Learn-
ing Environments

The design of virtual courses involves the selection of didactical methods as well
as the technology to realize the learning material. Even though the instructional
designer should not be restricted in his decision at all, we generally have to
distinguish two scenarios:

Technology driven design: Nowadays, it is common that the universities se-
lect a (commercial) VLE that has to be used by all faculties on campus.
The obvious advantages are the preservation of the corporate identity for
(external) courses as well as—and this might be the most important one—
the unified form of presentation and access to all courses required to gain
a degree in a certain field of study. On the other hand, most VLEs limit
the degree of freedom with respect to using didactical methods. Especially
due to the restriction that commercial systems usually miss an interface
to extend or modify basic components. For example, learning paths are
generally implemented as a simple concatenated list of HTML-pages not
allowing excursions. Therefore, the usage of advanced concepts like the
integration of facultative excursion, adaptation of the learning path ac-
cording to the configuration or behavior of the learner, or transformation
of the learning material according to the technology level of the learner
are not possible, e.g., the conversion of SVG-graphics to bitmap graphics
in case of missing functionality within the browser.

Didactical driven design: Here, the instructional designer decides on the di-
dactical methods used to present the learning material. Afterwards, the
required technologies are selected (or implemented), installed, and used to
create a virtual course. Compared to the other approach, the instructional
designer itself is not limited to a given set of methods but can combine
several technologies to realize a course including the most adequate pre-
sentation of the learning material. Therefore, the focus of the course can be
set according to the individual learners’ needs, e.g., specialized applets or
inclusion of interactive examples, instead of forcing the learner to a given
learning method. Especially in case of a large variety of subjects, the ap-
propriate learning methods can not be realized using the same technology
without reducing the quality. Disadvantages are the required knowledge
about learning technologies and their interfaces for an integration process
as well as the time consuming development of components, and, for the
application within large universities and corporations, the risk of failure
in having a corporate identity.

In our research, we apply the second scenario. Based on a concept how the
learning material should be presented to the learner, we selected existing (freely
available) technologies. Especially the hierarchical structure of the learning ma-
terial and its dynamical processing based on the configuration of the learner
restrict the number of existing VLE such that we start the development of a
prototype from scratch allowing us to integrate all desired (innovative) compo-
nents.
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Figure 1: Learning curve as assumed in traditional classrooms

2.2 Relevance of Practical Exercises

One aspect of our research is the evaluation of the learning behavior in the
context of the developed learning material as well as increasing the motivation
of learners studying OR/MS. Based on personal experiences from either
participating and offering lectures on university level within different fields
of study over the last years, we declare a hypothesis regarding the learning
behavior as well as the characteristic of building cognitive structures; see
[1, 11, 40] for a corresponding background.

Hypothesis:

The internalization process, i.e., building cognitive structures, will
be supported by our concept for a VLE incorporating practical ex-
ercises based on real-life scenarios. Furthermore, the fading process
subsequent to the exams is reduced.

Due to the ongoing research within the coming semesters, we have to leave
it currently unacknowledged if our concept of improving the learning experience
and, therewith, the motivation and building of cognitive structures is sustain-
able. Furthermore, an evaluation over a period of several semesters have to be
applied to prove a general appliance of our learning concept.

In Figure 1 the characteristic of building cognitive structures is shown over
the period of a course and the time span subsequent to the course. In the be-
ginning the learning material is unknown to the learner and has to be fully
acquired during the course. Generally, the motivation is high during the first
sessions but decreases after a certain (short) time period. Therefore, the pro-
cess of building cognitive structures slows down and learning material from the
first sessions already starts to vanish. In addition, the learner does not start
to memorize or practically exercise the learning material immediately. Getting
closer to the end of the course and, in particular, the exams the learner tries
to annex the learning material within a fixed time period—in most countries a
term similar to pre-exam-week is well known. This allows to recall most of the
learning material during the exam but ignores long period memorization pro-
cesses. After the exam, and, therewith, the course, the learner is not using the
gained knowledge properly in the context of the subject, at least in most cases.
Therefore, the phase of forgetting and fading of the newly build cognitive struc-
tures immediately starts. Even though the learner will not fall back on the level
from before the course the learner might not be able to either apply the learned
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Figure 2: Learning curve as assumed using practical exercises within VLE

material within a new context or recall specific details. For example, the learner
might remember that there was a standard deviation on observations but does
not know the difference to the variance or even know the equation.

Figure 2 shows the learning curve as we assume it according to our hypothesis
using practical exercises during the course. Due to the practical exercise, the
motivation of the learner actually working with the learning material is increased
resulting in an improved accumulation of cognitive structures. Furthermore,
motivated learners work with the learning material, ask questions going beyond
the coverage of the course, and, therefore, might learn more than required.
Near the exam, the learning curve also raises steeper because the learner has to
memorize the learning material that is not part of the practical exercises. After
the course, the fading phase occurs as before but here, we assume that the
degree is much less than before due to the intensive internalization; see also [40]
for a discussion of the added value of practical training compared to theoretical
classes.

Our concept incorporates the idea of having a theoretical introduction where
the learner can study the basics. During the course the learner is supposed to
use interactive components as well as participate in practical exercises like de-
veloping simulation models or using meta-heuristics to solve problem instances;
see Section 3.

2.3 Components to Improve Virtual Learning Environ-
ments

The idea of developing another VLE is questionable due to the numerous
projects world-wide. Nevertheless, instead of ”recycling” existing environments
by customizing their components to our needs—as well as integrating missing
parts—we developed a concept for a VLE using freely available software and
modern technology.

Based on the experiences from the recent project OR-World [30] as well as
analyses of major (and commercial) packages like WebCT [50] we observed sev-
eral aspects, which do not fulfill our requirements of an adequate support of the
learning process. Most products are to some extend a collection of tools that are
either developed as stand-alone applications and later integrated into the VLE
or implemented to have further features without reaching a level of functionality
being even close to alternative choices. This results in non-ergonomic user inter-
faces and—which is probably the worst part—in unstructured learning material.
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Especially WebCT—one of the major software package for virtual education—
has to be seen as an ambivalent example due to the design where the courses
are handled as a set of HTML-pages managed by the VLE and components like
email only support very basic functionality. In addition to interactive presen-
tation of learning material based on HTML, we see the necessity to integrate
further didactical components that allow an improvement of the learning experi-
ence. In this paper we demonstrate how the pedagogical paradigm synchronized
blended learning can be used to teach simulation to learners in a simple way
such that the learner’s motivation is increased and a high level of internalization
is obtained. This might be one of the major problems independent of the kind
of learner, e.g., the distant learner, the enrolled learner, or the lifelong learner
[51]. Furthermore, our concept incorporates approaches that allow the learner to
obtain simple, flexible, and configurable support for an independent—in terms
of time and location—learning process without losing the social aspect of inter-
personal communication. Especially factors like location independent learning,
navigation, communication, information presentation, and configuration are not
extensively integrated in most system architectures.

The VLE OVISS (Offenes Virtuelles StudienSystem, see [33] and [32] for
the predecessor JEWEL (Java Enabled Worldwide Economic Learning)) is an
open-source application in JAVA to interactively deliver the learning material in
form of books including training exams by presenting questions in various forms
like multiple choice or ordering of components. OVISS is based on XML and
supports several international specifications like QTI (Question & Test Interop-
erability, see [23]) and LMML (Learning Material Markup Language, see [39]).
The fact that the integration of further components, the adaptation of the user
interface regarding a learner-specific configuration and the handling of learning
material—i.e., the inclusion of meta-data of the learning objects—is restricted,
influenced our decision to develop a new concept for a VLE. We implemented a
basic prototype to demonstrate improvements for the virtual education.

In the sequel we describe the design of the learning material, the system
architecture, and components that are currently not commonly used within
the educational field but able to improve the quality as well as the learning
experience of the learners. The described VLE in its current version has to be
seen as a prototype in which the focus of the implementation is rather set on
the relevant components to demonstrate our concept than on being a complete
environment for education on university level.

2.3.1 Structure of the Learning Material

The learning material is encoded using a hierarchical and modular structure of
different learning objects as shown in Figure 3. Depending on the content, size,
and relation to other objects, we distinguish four types of learning objects with
different levels of granularity and the following meaning. Note, that the learning
material is coded in different languages within each learning object.

• Media element (ME) is a small unit without further partitioning. Here,
it is important that other learning objects are not included but referenced.
Examples are components like text fragments (where the size of the frag-
ment should cover a small logical unit), tables, figures, glossary entries,
formula systems, or media objects (which can be, e.g., applets, movies, or
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Figure 3: Structure of the hierarchical and modular learning material

pictures).

• Learning element (LE) is a composition of objects (media elements as
well as learning elements) to produce a semantic unit. One view for ”se-
mantic unit” is that the content of the learning element can be displayed
on one page where the term page refers to either a web-page including
scrolling or a printed section being longer than the actual size of the paper.
Note that the content of a learning element does not have to be displayed
completely. The author as well as the learner can specify so-called page-
breaks to split learning elements into smaller parts for the presentation,
which are shown using standard navigation.

• Content module (CM) is superior to learning elements grouping these
to larger units. The content module should cover a certain content of the
lecture or a special field, or include the slides of a course or seminar. The
presentation to the learner within a VLE should be in form of a table of
contents or hyperbolic tree or graph, respectively.

• Thematic metastructure (TM) covers a whole thematic field in the
VLE and could either be the work of a department in a specific field or
the courses a learner has to take in accordance to get a certain degree.

Authors of learning material may start to construct media elements, which
represent the smallest units of ”information”. Note that especially for the coding
of non-sensitive MEs certain rules are specified to increase the possibility for a
later reusability of the MEs in different contexts. For example, the same applet
can either be used to describe the normal distribution within a statistical course
or—changing the context of the applet—within a simulation course to describe
the occurrences of certain events. Therefore, the design of media elements should
be as general as possible. Specific context sensitive adaptations, e.g., the caption
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of a figure, can either be done using mechanisms from the VLE or by deriving
new learning objects that can be modified by the author. Learning elements as
well as content modules and thematic metastructures are build by combining
learning objects of the same or lower aggregation level. For a detailed description
on designing the learning material in German see [36].

Each learning object is also characterized by a meta-data wrapper. Within
different categories the meta-data wrapper keeps information about the con-
tent itself, the lifecycle (i.e., the history of changes or its ancestors in case of
inheritance from other ME), technical and educational specifications as well as
descriptions of rights, relations, classifications, and annotations. Each category
contains several elements, e.g., to classify the learning object in respect to the
learning level (beginner, intermediate, expert) or type of audience (undergradu-
ate learner, graduate learner, practitioner) by using an appropriate and defined
vocabulary and level of detail. The meta-data is used by the authors to gather
information about possible reusability of learning objects, to find learning ob-
jects to be used within a specific course, e.g., in respect to the difficulty level, or
to select corresponding learning objects based on the individual configurations,
e.g, for an automatic adaptation of the learning material.

We use the certified specification LOM V6.4 (Learning Object Metadata)
by [20]; see also [36] for a critical description. Other specifications for meta-
information are, e.g., ARIADNE (Alliance of Remote Instructional Authoring
and Distribution Networks for Europe; see [5]), which is based on LOM, SCORM
(Sharable Courseware Object Reference Model; see [10]), and IMS [22]. The
meta-data of the learning material can be stored in either a relational (e.g.,
MySQL [29]) or XML database (e.g., Xindice [2]) incorporating mechanisms to
distribute the learning material itself on a local server or other addresses in the
Internet.

Furthermore, we implemented a method that assembles the requested learn-
ing object using the meta-data information for every subsidiary learning object.
The advantage of this approach is a real comprehension of the meta-data where
other projects, e.g., projects using LMML, directly link learning objects of the
learning material ignoring the meta-data. LMML uses direct links in form of
URLs to other learning objects and, therefore, information of the meta-data is
not employed. LMML relativizes this by using own meta-data information within
the learning material. This is against our beliefs where the content should be
separated from the descriptive meta-data.

The learning material itself is coded using XML. XML seems to be the best
choice because it possesses the required implementation features, can be easily
transformed to other output formats by using XSL-transformations (eXtensible
Stylesheet Language, e.g., to reuse learning materials in software from other
vendors), and allows the usage of standard operations like full textual search.
There are several established specifications to encode different types of content,
the following list shows the used (original or slightly adapted) specifications:
MathML is a specification for the representation of equations [47], QTI for
the representation of questionnaires and multiple choice tests [23], DocBook for
bibliographic information and publication structures [49], and especially LMML
for classifying the learning objects in items like ”exercise”, ”objective”, ”algo-
rithm”, or ”image”; see Figure 4 for a list of items, [39] for a detailed description
as well as [34, 36] for a discussion with respect to combining LMML with LOM.
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LMML applies a further semantical classification on the learning material—
besides the type of learning object and the meta-data. LMML distinguishes
four categories in a hierarchical structure as shown in Figure 4. The follow-
ing description is based on LMML but includes partly our extensions. Starting
with a structure module, the learning material is composed by content mod-
ules. Each semantical unit of the learning material—e.g., part of a course—
has to motivate the learner (motivation), containing the content itself (para-
graph), summarize the learned material (conclusion), and should present a feed-
back to the learner by, e.g., asking questions or presenting exercises including
the solutions (feedback, task, solution). Besides these mandatory modules the
learning unit can be enriched by incorporating further content modules like
semi-mandatory modules—due to the fact that theses modules are part of the
LMML-specification and also are the most important kinds of modules to build
a learning unit—or optional modules—mainly to increase the learning expe-
rience and the motivation of the learner. Another aspect of modularizing the
learning material is its presentation. The learner has the capability of defining
the look of each module for recognizing the module during the learning process
as well as configuring, which types of modules should be included at all. For ex-
ample, a beginner might need a motivation whereas the expert mostly requires
a summary of the learning material in accordance to receive an overview of the
important facts of the content.

2.3.2 Innovative Components within Virtual Learning Environ-
ments

Developing a VLE implies innovative components due to a demarcation to other
products as well as legitimation of using (human) resources for these implemen-
tations. Within our VLE several components can be seen as innovative because
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of either applying existing technologies within VLEs, suggesting new didactical
methods or forms of presentation, or designing a modular interface based on
modern technologies and software products. In particular, we introduce syn-
chronized blended learning (see Section 3.1.3), SmartBars to prevent informa-
tion inundation by aggregating and visualizing certain information within the
learning material, and the integrated concept of using the meta-data for the
presentation of the learning material.

Nowadays, the presentation of learning material is mixed with information
to support the learner organizing and memorizing the structure of the content
for longer periods. Even so the amount of information should be limited, some
learning material includes several symbols, colors, and styles to represent links,
references to literature or glossary entries, footnotes, or accentuation of impor-
tant parts. By overusing the presentation of information, the readability and,
therewith, the motivation can extensively be reduced. Therefore, we developed
the concept of SmartBars as shown in Figure 5. On the side of the learning ma-
terial, SmartBars for the different information are displayed. This means that
information-specific colored SmartTags (small boxes) are drawn next to the text
line with the corresponding information. The learner can now decide how the
information should be visualized:

• no information means that the SmartBars are turned off and no infor-
mation is shown in the learning material

• hidden information means that the information within the learning
material is shown whenever the learner is moving the mouse cursor over
a SmartTag

• shown information means that the information within the learning ma-
terial is displayed according to their type by either clicking with the mouse
on a SmartTag or the associated icon. For example, a glossary entry is
represented by a small book within the learning material after being ac-
tivated by the learner. The activation process is shown in the framed box
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in Figure 5: The learner can move the mouse over the SmartTag (1) for
a temporary display, click the SmartTag (2) for a constant display of the
symbol for a glossary entry, or turning all symbols on or off by using
the icon for glossary entries (3). Clicking on this symbol (3) opens a new
window showing the glossary entry.

Further functionality of the SmartBars are the learner-specific insertion of
textual markings, discussion forums as well as notes. These inserted items are
correlated with the learning material allowing the learner to actually operate
with the text similar to printed material where text marker and margin notes
are common tools to support the learning process. In case that every annota-
tion by the learner is associated with a time stamp, the learning process gets
more comprehensible in a way that the recognition of the learning progress and,
indirectly, the internalization is supported.

Two other components distinguish our research from other projects: The
online inclusion of the meta-data while generating the output for the learner
based on their individual configurations and the design of the system architec-
ture, i.e., the modularly designed VLE; see the following section for a detailed
description.

2.3.3 System Architecture—SmartFrame

Based on [15, 16] identifying the requirements for virtual learning, we developed
a concept for a user interface to access the learning material based on individual
configuration and desires of the learners for an improved learning experiment.
Due to the evaluation the design had to incorporate as much flexibility as possi-
ble in terms of changing the presentation of the interface, the learning material,
and, therewith, the learning experience itself. Furthermore, the interface should
be independent from the specific representation of the learning material as de-
scribed in Section 2.3.1.

SmartFrame (Smart Technology for Research and Modern Education) is
developed in respect to the demanded features. Using an Apache-Tomcat Server
the user interface is dynamically generated by selecting, combining, and execut-
ing Java Server Pages (JSP) with methods to, e.g., access the database or process
user input. The coordination of this process is done by special servlets configured
by XML-files, which can be user-specifically changed according to the individ-
ual preferences; see also the lower right-hand side of Figure 6 for a schematic
overview. Furthermore, the browser-based interface is detached from the learn-
ing material by exclusively referencing the learning objects by their identifier.
This allows an integration as well as blending of XML-based learning material
and external learning materials, e.g., HTML-pages, without adapting the logic
of SmartFrame. This is especially relevant for the design and administration
of courses and learning paths. Regarding the XML-based learning material as
described in the previous section, certain information has to be passed from the
interface to the transformation process from XML to the output format. This
is done using a common session object storing user specific information about
the setting.

The concept of SmartFrame comprises (standard) components regarding
the navigation, communication, and administration as described in [35]: Naviga-
tion includes modern technologies like hypergraphs, detailed visualization of the
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Figure 6: System architecture of SmartFrame

learning process including a time-based history, extensive processing of learning
paths like intersecting, combining, and redefining. Communication includes dis-
cussion boards, (group-oriented) chat-rooms, email-systems, white boards, and
instant messaging; administration includes management of learners and courses,
analysis of statistics, and authoring tools for the learning material and learning
paths. Special design interest is put into the usability. Therefore, a hierarchical
structure accessing the components is used whereas the focus is set on intuitive,
ergonomic, and fast accessibility.

2.3.4 System Architecture—Processing the Learning Material

Another key technology of our concept is the usage of XML-based learning ma-
terial, the specification of the learning objects by meta-data, the inclusion of
the meta-data within the transformation process from XML to a user-specified
format, and the implementation based on up-to-date web-based open source
software packages. While the concept is related to the OR-World project (see
[30]) we extensively extend the concept as described in, e.g., [35, 36]. The im-
plementation based on up-to-date technologies that follow international stan-
dards and specification increases the world-wide acceptance and (re)usability
of existing learning material. Furthermore, the system is not using proprietary
components but is compatible with different operating systems as well as free
of external copyrights.

Figure 6 shows the system architecture. On the left-hand side the struc-
ture of the learning material is shown, which is stored within (distributed) files.
Several databases are used to keep information about the meta-data, user pro-
files, navigational information like learning paths, and further information about
several components like communication. The learning material is processed by
special software (Cocoon [3] in connection with the Tomcat-Servlet-Engine [4])
and the XSLT-specification (e.g., eXtensible Stylesheet Language for Tranfor-
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mations; [48]) into the requested format, which depends on the kind of usage,
the settings of the learner and the medium for the presentation. For example,
slides are presented within the browser using a larger font while the same ma-
terial can also be transformed to a pdf-document with six slides on one page
given as a handout to the learners. The result of the transformation is passed to
SmartFrame where it is integrated into the VLE; see Figure 7 for a description
of the transformation process. Based on a request—e.g. the visualization of a
learning object with a given identifier—the corresponding XML-based file for
the learning object is taken and processed using a pipeline-based transformation
process. The pipeline is shown in the framed box whereas the numbers corre-
spond with the schematic view of the actual processes. The following steps are
initiated, numbers in brackets refer to the numbers in the figure. For a detailed
description of the transformation process see [36].

• The file of the requested learning object is used as the source of the trans-
formation process (1). The file is generally given as an XSP-file (eXtended
Server Pages; XSP-documents can include Java-code and are part of the
Cocoon technology). The Java-code is mainly used to access the database
for information about the learning object and to directly include other
learning objects based on the meta-data. This is also called the generator
starting a new pipeline.

• Due to the hierarchical structure each learning object can have references
to other objects, which have to be included. This is done by (recursively)
integrating the results of other pipelines (2). Based on an XSP-document
(7) the sub-document in the requested language is extracted and serialized
into XML (8,10), whereas further included references to other learning
objects are resolved by opening further pipelines (9).

• After combining the fragments of the (recursively) referenced learning
objects regarding the preferred language as well as the requirement of
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adding elements for the inclusion—i.e., using HTML-tags to include SVG-
graphics—, three further transformation processes are initiated. The re-
quested part of the document—pagebreaks (3) used to divide a semantic
unit in units to be presented on one page; see also Section 2.3.1—has to
be extracted and transformed in two consecutive transformation processes
(4,5) according to the user-specific configuration.

• The result of the transformation is serialized, i.e., converted to the re-
quested and from Cocoon supported output format like HTML, XML, or
PDF (6).

The main aspects of this system architecture are its direct transformation of
the learning material according to the request and configuration of the learner,
direct influence of the meta-data of the learning objects, and modularity regard-
ing the whole transformation process. The system architecture shows a client-
server-architecture where the learner has to be online to access the learning
material. A concept for an offline version incorporates a local installation of the
software package with a limited set of the learning material. Within a replication
process the required learning materials as well as the personal configuration are
synchronized with the server such that the learner can change between on- and
offline mode—and its working place—keeping a status quo regarding the VLE.

3 Course Design

In this section we sketch the design of two learning units: Simulation and meta-
heuristic. Section 3.1 describes the application SimTool, a simulation tool to
be used specially for education within the classroom and the self-paced study.
Furthermore, we demonstrate the learning method synchronized blended learn-
ing using SimTool as an example. In Section 3.2 a basic course introducing the
principles of local search and meta-heuristics is outlined and concluded with
an outlook how the learner can be motivated to apply the learned theory on
realistic problems.

3.1 Simulation

The subject simulation in conjunction with meta-heuristics is well suited to
demonstrate our approach of teaching OR/MS due to the high degree of re-
quired practical experiences. As mentioned above, it is not sufficient to offer
an extensive theoretical background without doing practical exercises. Only the
application of gained knowledge as well as solving real-life problems during the
processing of given exercises allows an intensive internalization of the learned
material and, therefore, building a sufficient qualification for real-life scenarios.

3.1.1 Simulation Tool SimTool

Teaching simulation means training the recognition of relevant relations within
a given scenario, extracting the main components, modeling reality in a ”sim-
plified” way as a simulation model, and performing experiments by adjusting
the model or incorporating new elements. Therefore, the focus during the de-
velopment of a simulation tool is mainly set on ”practical” education, which
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Figure 8: SimTool: Application for interactive education in simulation

means that the presentation of the theoretical learning material has to be spe-
cially prepared in terms of interactivity. Here, we concentrate on the two main
aspects: Step-by-step introduction into the subject—whereas the main focus is
set on the description of components and their relation—as well as guided (and
controlled, respectively) interactive solving of exercises and exam questions. On
the other side, the simulation tool follows the principles of discrete event-driven
simulation and, therefore, can be used in the same context as commercial (and
proprietary) software packages like emPlant (whereas the functionality in Sim-
Tool is currently not as advanced). Note that the main focus is not set on
efficiency, creating large simulation models, or a large amount of functions but
rather on demonstrating basic principles.

Within this section, we describe the simulation tool including the design
and the implemented prototype. Section 3.1.2 exemplifies the usage by outlining
an interactive example where the learner is guided towards the concrete goal
of the learning unit: Configuration of an existing gas station model. Finally,
Section 3.1.3 describes the integration into the synchronized blended learning
concept.

Teaching and learning simulation requires—besides good lectures—practical
demonstrations and exercises. In a preliminary study learners were asked to iden-
tify the requirements of a discrete event-driven simulation tool that can be used
within the classroom, for exercises as well as exams. The list included standards
like a simple but powerful user interface, appealing graphics, and visualization of
all processes but also further features like lesson specific configuration, feedback
to performed actions, guidance by the application while solving a problem, and
adaptation of the difficulty level regarding the learner’s background knowledge.

One of the main features of SimTool is the possibility of being able to
configure basically everything. Next to selecting the language of the interface,
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<es:action name="Finish">

<conditions connector="and">

   <conditions connector="or">

      <condition srcId="Entrance" 

              function="getMaxME" 

  classType="instance" 

                           condType="guiStatebutton">

         <returnValue compareOperator="==" type="stdType">

            <value>0</value>

            <type>java.lang.Long</type>

         </returnValue>

      </condition>

      <condition srcId="Entrance" 

  function="getMaxME" 

  classType="instance" 

                condType="guiStatebutton">

         <returnValue compareOperator="&gt;=" type="stdType">

            <value>1000</value>

            <type>java.lang.Long</type>

         </returnValue>

      </condition>

</es:action>

# Available tools

tools = Select

# Menus

menuFile = Save,SaveAs,Exit

menuHelp = About

menuDebug = EH,ObjectList

menuView = Comment,Toolbar,Zel,Grid,GridOptions

# Buttons on the toolbar

buttons = Save,Start,Init,Simspeed

# Localization

language = encountry = GB

# Properties for the source component

Source.popup = Properties,Statistic

Source.props.general = id,createelements,maxelements

Source.props.run = mkreadytimes,createInt

Lesson Definition Action Definition

Figure 9: Snapshot of the lesson configuration and action script

the degree of functionality can be changed using configuration files, also called
lessons. The user interface (menus, toolbar, list of components to build simula-
tion models, popup-menus for the components as well as items within the popup-
menus) can be adapted; see also Figure 8 for a screenshot. Besides modifying
the interface and degree of interactivity, the simulation model and, therewith,
the lesson itself, can be controlled by using a script-oriented event-action mech-
anism to guide the learner according to the goal of the lesson. Depending on the
type of XML-based scripts and events to trigger certain actions the lesson can
either be a demonstration of a scenario to introduce the learner to the subject
or be similar to a game where the learner has to solve a problem by ”playing”
with the simulation tool. In the latter case, the event system is used to detect
major errors by the learner while allowing as much free exploration as possible.
Whenever the learner changes the model by, e.g, adding components or changing
attributes, the values are checked on correctness and, if necessary, an appropri-
ate feedback is given. Note, that a feedback can also be positive such that the
learner can see a progress in solving the problem and stays motivated to find
the solution. See Figure 9 for an example of the lesson configuration (left-hand
side) and script language (right-hand side). The lesson only allows the usage
of the selection tool, i.e., to change properties of a component, whereas general
changes to the simulation model are not allowed. That is, new components can
not be added, existing ones not be deleted or moved, and connections between
the components are unchangeable. Furthermore, the menus, the buttons in the
toolbar, the language, and the available elements of components within the load
model are specified. The script language shows an example where the status of
the simulation model is checked according to the correct setting. The script is
executed whenever called by an event, here in case of the finish button being
pressed.
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Figure 10: Simulation lesson to learn the configuration and extension of simu-
lation models

The XML-based script language can be used to do everything a learner
could do with the user interface. Therefore, a lesson could start with a script
building parts of a simulation model asking the learner to finish it by inserting
the missing components. The event-action mechanism allows to react on events,
e.g., inserting a new component, changing the attributes of a component, or
fulfilling a certain outcome of production of goods. Another example could be
that the learner is asked to insert the missing components while events could be
used to show messages whenever the learner is doing the right actions but also
prevent—including the display of a message—existing parts of the model from
being changed.

3.1.2 Basic Course Design

For ease of exposition we restrict ourselves to describing the case where the
difficulty level is set for beginners. The course is split into two parts: Configura-
tion of a given model and extension of the resulting model according to a given
task. First, the problem formulation is given together with the starting simu-
lation model. Here, a gas station owner investigates the customers by writing
protocols of their behavior. Based on these observations, the owner constructs
the simulation model as shown in Figure 10, which has to be configured by the
learner. This has to be done by setting the appropriate values for the existing
components. The first part of the lesson allows the learner to understand the
problem formulation, to become familiar with the components of the simulation
model, and to transfer the knowledge from previous lessons about the compo-
nents as well as the basics in statistics in order to set the correct configuration
values.

Due to the setting of the simulation tool in the first part of the lesson, the
learner does not have the possibility to change the model. Besides the popup-
menus for changing the configuration of components and showing the statistics,
only the play, stop, speed, and finish buttons are available. During the config-
uration process the learner can freely interact with the model to evaluate the
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results of the settings. Here, no special events are defined even though the author
of the lesson could have used certain events to prevent truly impossible settings
like negative values for the appearance of customers. The learner indicates the
final solution by pressing the finish button. The system then analyzes the set-
ting and reports whether the solution is correct. A correct solution—according
to the problem formulation—will cause the simulation to run showing the re-
sults of the settings. Afterwards, this model is used as the starting model for
the second part of the lesson. In case that the learner has not found the correct
setting, a message box indicates the error together with a possible remark that
the feedback level was adjusted. The degree of the help offered by the simula-
tion tool is specified by the current feedback level. In this example, the feedback
level is increased each time when three incorrect answers are given allowing
the learner to access further information. According to the feedback level, the
learner gets 1) information about the type of the components, 2) description
about the configuration possibilities, and 3) detailed information how to set the
values. Finally, if the learner is still not able to provide the correct solution, the
configuration is automatically set with the correct values by the system such
that the learner can continue with the lesson. Note that incorrect solutions have
to be protocolled to grade the learner.

The second part of the lesson is on a higher level. Here, the learner has
to improve the simulation model by changing the structure, e.g., by adding
another pump or cash box. The learner has to chose the best alternative for a
configuration whereas both the cost and the throughput are used to measure
the quality of the configuration. The settings for the distributions are fixed due
to the fact that it would be trivial to increase the revenue by allowing more
cars to use the gas station having faster pumps. Compared to the previous
scenario the learner can freely explore different settings and is not restricted
by a limited set of tools and components. However, we use the event action
mechanism to warn about changes of the simulation model that are diverging
from the problem formulation. In case that the learner deletes all pumps the
system shows a warning but does not necessarily prohibit the action. Also other
changes like adding too many pumps or cash boxes results in warnings, whereas
further size restrictions for components have to be defined.

The main advantage of a course design as described in this section is the
increasing difficulty during the lesson, a feedback system allowing the learner
to receive appropriate help during the solution process, the exercise how to
read and interpret a textually presented problem formulation, the transfer to
a working simulation model, and the creative process where the learner has to
extend the model according to a given objective without being restricted to a
predefined solution. Defining the objective as the maximization of the revenue
the learner can, e.g., reduce the cost while serving a similar number of customers
or invest money to serve more customers. The simulation tool SimTool—due
to the script language and event action mechanism—offers the author of lessons
a high degree of freedom to define lessons in which the learners rather learn-by-
doing than just memorizing the learning material for the exam.

3.1.3 Synchronized Blended Learning

The learning material has to be developed with respect to fulfilling different
requirements of learners. Some learners prefer to learn in a classroom listening
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Figure 11: Concept of synchronized blended learning

to the lecturer of the course, while others have time-schedules or other reasons
like child care or illness, which do not allow them to attend the lecture reg-
ularly. These learners might be restricted to use other learning methods like
the self-paced study in VLEs. The concept of SmartFrame integrates several
components supporting the learner in respect to allowing a certain degree of
freedom selecting the preferred learning method as well as using a unified form
of presenting the learning material independent from the didactical form of
presentation. Furthermore, the system architecture of SmartFrame allows the
integration of synchronized blended learning as introduced by [17]. This concept
is based on blended learning—a term mainly used for marketing reasons—being
the combination of learning methods (e.g., classroom presentation or virtual
seminar) and didactical concepts allowing the learner to select the preferred
form of studying the learning material. Compared to the blended learning where
the different learning methods are offered in an asynchronous way, synchronized
blended learning integrates an adaptive synchronization process to synchronize
the learning material almost instantly. Besides having a choice of the learning
method, SmartFrame is supposed to be used within different scenarios like
classroom, virtual seminar, or self-paced study and, therefore, reduces the num-
ber of media changes during the learning process. The following two examples
show how synchronized blended learning as well as the simulation tool SimTool
can be used within a course in simulation.

The classroom presentation consists of the learning elements LEiS whereas
these are shown as slides by the VLE; see also Figure 11. Furthermore, each
slide corresponds with a learning element in the self-paced study. After pre-
senting slide LE3S , the lecturer gets interrupted by a question from the au-
dience (interaction). The lecturer can either answer the question directly or
present an excursion using slides not being planned to be part of the presen-
tation (i.e., LEExcursion1S and LEExcursion2S). Afterwards, the presentation is
continued with slide LE4S on the originally planned learning path. These in-
teractive changes of the learning material are unknown to learners who are not
able to participate in the classroom session. Therefore, the self-paced course—
as well as other media like the source of printed material—has to be modified
synchronically by adding special learning elements containing the textual coun-
terparts of the slides. These learning elements represent default descriptions of
the slides and have to be seen as temporarily integrated elements that have to
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Figure 12: Synchronized blended learning using SimTool

be modified within a later rewriting process adapting the presentation to the
existing self-paced study learning material. Furthermore, the learning path is al-
tered such that the extra learning objects are integrated in the existing learning
material, being marked as an excursion. Additionally, recordings of audio and
video sequences from the classroom—the learner asking the question as well as
the lecturer giving the answer—are projected to the VLE allowing the distant
learner to get the same information as the attending ones. As mentioned be-
fore, the predefined learning elements have to be further integrated by rewriting
or adding further learning elements from other sources like learning material
databases, whiteboards, or discussion forums.

Another example of synchronized blended learning is shown in Figure 12.
The simulation tool is used within the classroom to demonstrate the modeling
as well as the analysis of simulation processes. Based on a problem formula-
tion the lecturer is interactively constructing the simulation model whereas the
learners should be intensively integrated by asking questions about the model-
ing. Assuming that a gas station has to be designed based on a given scenario
description. Using SimTool allows to use special features to improve the course
presentation. For example, the script-language can be used to construct the ini-
tial simulation model step-by-step. The lecturer can explain each step as well
as reuse the model for subsequent extensions during the course. Furthermore,
the quality of the lecture can be improved taking advantage of the event-based
system. While it is tiring to see the insertion and configuration of every pump
the trigger can be set in a way that it fires as soon as the first pump is fully inte-
grated into the simulation model. Therefore, the lecturer can extensively explain
the process in the beginning being able to use ”pre-coocked” components—the
last two pumps are inserted by scripts—to continue the lesson.

During the lesson all steps have to be protocolled including the ones where
”errors” were corrected. Further documentation can be provided by recording
the audio or video sequences within the classroom. These recordings—the pro-
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tocol as well as the other media files—can be transferred to various forms of the
learning material as well as leaning methods, e.g., the self-paced study where
the material is shown in a demonstration mode. While watching the model be-
ing developed in the same way as in the classroom, the learner can listen to the
audio or view the video sequences. Compared to traditional virtual courses, the
learner can listen to the classroom discussion while seeing the development of the
simulation model and, therefore, achieves a better understanding of the lesson.
There are similar concepts where interactive learning material is presented as a
classroom presentation, but these courses are not synchronized with classroom
lessons, especially with respect to modifications. Furthermore, learners from the
classroom are able to repeat the lesson without loss of information to internalize
the learning material. Another approach to use synchronized blended learning
is the training and intensification of learning material, which is synchronized
with the classroom, e.g., transfer of the learning path or developed simulation
models by the lecturer.

3.2 Meta-Heuristics

In this section we introduce our course unit about meta-heuristics. Meta-
heuristics are important modern tools for optimization, but so far, they lack an
appropriate integration in lectures as well as practical applications. Most tra-
ditional presence courses either do not comprehensively teach meta-heuristics
at all or teach meta-heuristics just using textbooks—where meta-heuristics cur-
rently are not included or only briefly mentioned—in classes with limited dis-
cussion opportunities and also transfer only static learning content into the
VLEs. As a result of this presentation the main advantages compared to other
optimization methods are neither sufficiently motivated in most cases nor suffi-
ciently illustrated using good examples that are based on real-world scenarios.
That is, meta-heuristics still have a shadowy existence with the exception of
some famous algorithms like the genetic algorithms.

Our course on meta-heuristics within the VLE has to introduce the learner
to the basics assuming no specific prerequisites or previous knowledge about the
subject; see Section 3.2.1. Similar to simulation, a purely theoretical course is
not preferred regarding the internalization process (see Section 2.2) and, there-
fore, we demonstrate an approach where the VLE is combined with an external
framework to run experiments on realistic problem instances; see Section 3.2.2.

3.2.1 Meta-Heuristics—Basics

Here, we only outline the design of the course, see [34, 37] for a detailed de-
scription. The following definition can be used to motivate the learner whereas
the learning units themselves have to explain the components as well as their
interactions step-by-step. The formal definition of meta-heuristics is based on a
variety of definitions from different authors. Basically, a meta-heuristic is a top-
level strategy that guides an underlying heuristic solving a given problem. That
is, a meta-heuristic is an iterative master process that guides and modifies the
operations of subordinate heuristics to efficiently produce high-quality solutions.
It may manipulate iteratively a complete (or incomplete) single solution or a
collection of solutions. The subordinate heuristics are, e.g., high (or low) level
procedures, simple local search, or just a construction method. Meta-heuristics
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Figure 13: Visualization of the transformation process between the problem and
the solution representation

may use learning strategies to structure information in order to find optimal or
near-optimal solutions efficiently; see, e.g., [46, p. IX] as well as [18, 31, 45].

Within the course about the basics, the general idea of optimization and
heuristics has to be presented. Assuming a given problem terms like problem
formulation, solution space, objective function (value), feasibility, feasible and
optimal solution, complete enumeration, complexity, and heuristic have to be
explained. The learning process is supported by showing specific problem-based
examples such that the terms are not only described theoretically using math-
ematical notation. For example, the idea of searching the solution space can
be visualized by showing a ball being placed on a peak—solutions with a bad
objective function value. The analogy with the search process is demonstrated
by releasing the ball, which then rolls downwards into the nearest valley. If the
ball gets no external impulse it will stay in the valley representing at least a
local optimum.

Afterwards, the main components of meta-heuristics have to be explained
and demonstrated. In addition to the previous list terms like move, neighbor, and
neighborhood are of relevance as well as the relation between them. Figure 13
shows, e.g., how the transformation of the problem formulation—here given
as a graph for the traveling salesman problem—into a solution (permutation)
vector can be done. Within the interactive graphic the learner can construct
step-by-step the solution whereas every step is visualized in the graph as well
as in the solution. Extended help is provided if the learner uses the button
L? for a legend being displayed in new windows. Here, all components and
visualized information are explained in details. Further visualizations of other
components can be found in [34, 37], especially for the relation between solution
and neighbor as well as neighbor and neighborhood. The course to be designed
will focus on the meta-heuristics tabu search and simulating annealing including
their variations; see also [38, 45].
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Figure 14: Applet to visualize the internal processes of meta-heuristics

3.2.2 Meta-heuristics—Applying Theory

After internalizing the basics the learner should apply the knowledge to prob-
lem instances. Here, we distinguish two steps: (1) Having small instances to
demonstrate the behavior of the meta-heuristics within a controlled environ-
ment and (2) providing an environment for experiments where the learner can
apply algorithms from an optimization class library.

We developed an applet allowing to visualize meta-heuristics, see Figure 14.
The example shows first improving descent on a traveling salesman problem
with a solution being coded as a permutation vector. On the left-hand side are
the current solution, the so-far best solution, and a history of all previously
visited solutions. The neighborhood of the current solution is shown as a list of
solution vectors in the middle column. The right-hand side represents the user
interface providing access to diagrams about the objective function value de-
velopment, a textual report, and controls for the optimization process. Further
help, instructions, or other information are shown in the frame on the bottom.
The next step is indicated by coloring the corresponding solution red—whereas
the learner can choose its own solution by double clicking a solution in the
neighborhood—and, after selecting the button ”next step”, also animated by
moving the solutions to their new position. Other meta-heuristics are visualized
in the same manner. Depending on the type, further information like the cur-
rent temperature and, therewith, the probability of selecting a move (simulated
annealing) or the status and content of the tabu list (tabu search) has to be
shown.

The previously described learning unit would be appropriate for beginners
not having a detailed background in OR. In case of advanced learners who want
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lem instances

to learn about new algorithms or need to look up details, the illustrative presen-
tation is both too long as well as not detailed enough. For this group, a learning
unit needs a clear focus and a profound explanation using, e.g., mathematical
formulas.

Subsequent to ”solving” small problem instances the learner has to gain
practical experiences by solving non-trivial problems to achieve certain OR-
skills. This is done by providing a special interface where the learner selects and
configures components from an optimization class library using a specialized
applet. We use the framework HotFrame (Heuristic OpTimization FRAME-
work; [13]). The framework supports both adaptable components that incor-
porate local search based meta-heuristics and an architectural description of
the collaboration among these components and problem-specific complements.
Methods such as steepest/first descent, simulated annealing, and tabu search
are included next to evolutionary methods, variable depth neighborhood search,
candidate list approaches, and some hybrid methods.

The configuration of the main components of the meta-heuristics like the
solution representation, the move, and the neighborhood according to the prob-
lem type is done using a configuration tool in form of an applet. Therefore,
we obtain an automatically generated source code (in C++) with todo-parts
that have to be replaced with special source code from the learner. The todo-
parts can range from a simple method to read the problem formulation up-to a
complete new solution representation. Afterwards, the resulting algorithms are
applied to (realistic) problem instances, e.g., from ongoing research projects or
Internet libraries; see, e.g., [6].

Figure 15 shows the complete sequence that the learner has to perform
whereas the learner is supported by step-by-step instructions within the learning
environment. Using a software generator for the framework the learner needs
to specify the problem as well as algorithmic details by selecting predefined
meta-heuristic components to be used in the later program. The generator itself
does not output a final program but a customized source code, which has to be
completed by the learner. Finally, the VLE provides an environment to execute
experiments where the compiled program is executed on several problem in-
stances with a variation of specified parameter settings for the meta-heuristics.
The results are collected and can be evaluated by the learner using several sta-
tistical methods and visualization forms.
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The configuration tool can only grasp certain adaptations of the source code.
Therefore, an incremental application process (adoption path; see [14]) has to be
enabled such that the learner can successively extent the initial search process.
The adoption path includes three to four steps: Coding the computation of the
objective function, implementing an adaptive computation of the move evalu-
ation, which replaces the default evaluation by computing objective function
values for neighbor solutions from scratch (in this context, one may also imple-
ment some move evaluation that differs from the default one, implied change
of the objective function value), defining and implementing a new neighbor-
hood structure or an adapted tabu criterion by specific solution information or
attribute components, and extending the meta-heuristic itself.

4 Conclusion

The presentation of learning material within VLE requires different concepts
than in traditional classroom presentations or textbooks. Especially, it is im-
portant to incorporate interactive components to enrich the learning material
such that an improved learning experiment is created where the learner is moti-
vated to participate and go even further than necessary to pass the final exams.
Having courses about the theory is necessary but real internalization of the
learning material can only be achieved if the learner can apply everything in
realistic and understandable scenarios.

In this paper we presented our motivation to design a new VLE with new
(and innovative) components that should support the learner as well as the
instructional designer. Although the VLE SmartFrame is a prototype, we
demonstrated important features like SmartBars, the hierarchical structured
learning material, and synchronized blended learning. Furthermore, we sketched
two virtual courses in the field OR/MS. Both fields are well suited to be real-
ized as an interactive course due to their practical orientation. The course in
simulation is enhanced by the simulation tool SimTool, which allows lesson de-
signs based on XML-scripts as well as an event-action mechanism to guide the
learner. The course of meta-heuristic is special insofar as there is no real cover-
age of that subject; neither in textbooks nor in VLE. In addition, we described
a concept how the learned basic knowledge can be applied to real-life problems
using an experimental environment including the usage of optimization software
class libraries.

The ongoing research has to prove if the concept is valuable for the learner
as well as e-learning in general. Besides generating complete virtual courses in
both fields the subjects have to be integrated into OR/MS by a general OR-
course as well as combined in a course about online-optimization. Classic but
also advance evaluation methods will be used for extensive validation of our
research.
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