The Virtual Graduate College „Knowledge Acquisition and
Knowledge Exchange with New Media“

Rolf Ploetzner1, Michael Diehl2, Friedrich Hesse1, Peter Reimann3, Hans Spada4,
Gerhard Strube5, Werner Tack6, Rainer Westermann7
1University of Tübingen, Institute for Knowledge Media, 72072 Tübingen, Germany

2University of Tübingen, Department of Psychology, 72072 Tübingen, Germany

3University of Heidelberg, Department of Psychology, 69117 Heidelberg, Germany

4University of Freiburg, Department of Psychology, 79085 Freiburg, Germany

5University of Freiburg, Center for Cognitive Science, 79085 Freiburg, Germany

6Saarland University, Department of Psychology, 66041 Saarbrücken, Germany

7University of Greifswald, Department of Psychology, 17487 Greifswald, Germany

Abstract In 1998, a group of psychologists initated the Virtual Graduate College (Virtuelles Graduiertenkolleg, VGK) Knowledge Acquisition and Knowledge Exchange with New Media in Germany. Graduate colleges aim at supporting outstanding graduate students in conducting their graduate research. Funded by the German Research Foundation (Deutsche Forschungs-gemeinschaft), the college started its research in April 1999. Unlike other graduate colleges supported by the German Research Foundation, the Virtual Graduate College is not located at one specific university but distributed across seven research institutes located at five different universities. By taking advantage of computer-based information and communication technologies, this setting allows the graduate students to collaborate not only with supervisors and colleagues located at the same university but also with scientists situated at the other research institutes. Computer-based information and communication technologies are not only a means to organize and document the collaboration among graduate students and supervisors participating in the college but are also pivotal to the research conducted in the college. This research focuses on the potentials and limits of computer-based information and communication technologies for individual as well as for collaborative learning.
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Introduction

Since 1990 the German Research Foundation (Deutsche Forschungsgemeinschaft) has funded so-called graduate colleges. These colleges aim at promoting high-quality doctoral graduate research of German as well as foreign graduate students in Germany. The students are autonomously recruited by the graduate colleges on the basis of nation-wide calls. A limited number of selected graduate students receives full financial support for up to three years. Commonly, graduate students participate in interdisciplinary research groups located at a specific university. On average, the graduate students should receive their doctoral degrees within three years after finishing their first degrees. The maximum funding period for graduate colleges has been set to nine years.

In 1998, the authors of this paper, all psychologists, initiated the Virtual Graduate College (Virtuelles Graduiertenkolleg, VGK) Knowledge Acquisition and Knowledge Exchange with New Media (available WWW: www.vgk.de). Funded by the German Research Foundation, the college started its research in April 1999. Currently, 17 graduate students participate in the college as well as the authors of this paper as the students’ supervisors. While 12 graduate students receive full financial support from the college, 5 graduate students receive financial support from other research projects.

The Virtual Graduate College differs in two ways from other graduate colleges funded by the German Research Foundation. The first difference is that the Virtual Graduate College is not located at one specific university but distributed across seven research institutes located at five different universities (Freiburg, Greifswald, Heidelberg, Saarbrücken and Tübingen). The second difference is that the Virtual Graduate College does not make up an interdisciplinary but an intradisciplinary research group of psychologists.

In the United States, for example, graduate programs commonly are located at one specific university. These graduate programs involve innovative research programs as well as elaborated graduate studies. In Germany, there is frequently no critical amount of competencies available at one single location in order to organize graduate programs in a comparable way. Due to the federal system, it seems more appropriate to interlink competencies across Germany than to attempt to conjoin them at one single location (cf. Hesse, Oestermeier & Buder, 2000). The Virtual Graduate College is the first graduate college in Germany which inherently relies on such links. On the one hand, this approach allows conjoining competencies in cognitive psychology not even available at large psychological institutes. On the other hand, this approach allows graduate students to join who conduct their research at different psychological institutes.

The distributed organization of the Virtual Graduate College also suggests an extensive documentation of the research conducted. Very often, the knowledge which is developing in the graduate students’ minds is primarily mirrored by the notes they personally take and the talks they give. Not until the dissertation has been finished does this „knowledge“ becomes accessible by others. The graduate students participating in the Virtual Graduate College are encouraged to document the progress of their research electronically in such a way that the documents are accessible to other members of the college. Electronic documents as well as electronically documented discussions can be kept in a shared data base remaining accessible over time and making transparent the evolution of ideas and decisions.

The organization of the Virtual Graduate College, however, is not only made up of distributed but also of local components. Each graduate student receives support from a supervisor who is located at the same research institute as the graduate student. Graduate students also collaborate with other graduate students and scientists located at the same university. Twice a year, for two to three days running, all graduate students as well as all supervisors participate in a face-to-face meeting where the graduate students’ research is discussed. Once a year, for five days running, a summer school is organized where national and international scientists offer state-of-the-art courses on cognitive science and learning technology.

By making up an intradisciplinary rather than an interdisciplinary research group, the Virtual Graduate College is pursuing different objectives than other graduate colleges. Interdisciplinary colleges aim at counter-measuring abundant specialization within the involved disciplines and encouraging mutual exchange of information between them. The Virtual Graduate College, in contrast, aims at making the research domain of cognitive media psychology - which so far has largely been neglected in German psychology - pivotal to psychological research.

In the following, an overview of the research conducted and the teaching offered in the Virtual Graduate College is presented. Afterwards, national and international cooperations are delineated. The information and communication technologies used in the Virtual Graduate College are described next. Finally, the experiences made since the college started in 1999 are reported.

Research

Research in cognitive psychology has traditionally focussed on individual cognitive processes such as individual learning, reasoning, problem solving and decision making. Professional as well as everyday life, however, very often demands individual, social and technical cognitive resources to be coordinated and integrated. How pilots fly an airplane (Hutchins, 1995), how physicians diagnose diseases (Thagard, 1999) and how customers compare prices in grocery stores (Lave, 1988) can only adequately be described when cognitive processes beyond individual processes are taken into account. As a consequence, during the last ten years, new research domains have been established in psychology such as the domains of social cognition (e.g., Resnick, Levine & Teasely, 1991), distributed cognition (e.g., Hutchins, 1996) and cognition with artefacts (e.g., Norman, 1993).

Because individual as well as social cognitive processes more and more frequently take place in contexts in which computer-based information and communication technologies are used, these technologies are of outstanding importance to the new research domains. Networked computers, for instance, allow for new forms of communication, cooperation and collaboration. Computer-based multimedia learning environments allow for the simultaneous presentation of different static as well as dynamic external representations. Current theories of human cognition are not capable of explaining how individual, social and technical cognitive resources interact in computer-based problem solving and learning.

The research conducted in the Virtual Graduate College aims at advancing psychological theories about the interaction of individual, social and technical cognitive resources in individual as well as collaborative computer-based problem solving and learning. Two main research questions investigated in the Virtual Graduate College are:

1. How do individuals learn by making use of external representations in general and by taking advantage of multimedia learning environments in particular?

2. How do members of a group organize and coordinate their exchange of information and how do they learn from each other in computer-mediated settings?

Specific research questions are developed on the basis of current theories in cognitive psychology (e.g., learning with external representations and causal cognition), motivational psychology (e.g., attitudes and intentions in problem solving and learning) and social psychology (e.g., group formation and development of opinions). The Virtual Graduate College attempts to combine experimental research in the laboratory with applied research in the field focussing on both knowledge about the potentials and problems of learning with computer-based media as well as skills required to make effective use of computer-based media. The following list presents various examples of research problems currently investigated by graduate students of the college:

· The acquisition of knowledge with dynamic and interactive visualizations;

· Expertise in information-seeking on the World Wide Web;

· Attitudes, intentions and action plans in task processing with new media;

· The coordination in computer-supported work on the basis of different background knowledge; Hermann, Rummel and Spada (2001) describe this research in detail in this volume;

· The acquisition of shared knowledge in problem solving groups;

· The impact of common ground on interaction in computer-supported cooperative learning groups;

· Processes of social comparison in computer-mediated idea generation.

Each graduate student is coached by a supervisor and a co-supervisor. While the supervisor is located at the same research institute as the graduate student, the co-supervisor is located at one of the other six research institutes. The supervisor’s and co-supervisor’s expertise in different fields of cognitive, motivational and social psychology encourages the graduate students to take different perspectives into account in their research. Graduate students also collaborate with other graduate students and scientists located at the same or at some other research institute.

Complementary to the Virtual Graduate College, the German Research Foundation established the research program Net-based Knowledge Communication in Groups (available WWW: www.wissens-kommunikation.de) which focuses on net-based communication and learning settings. In the context of this interdisciplinary program, the German Research Foundation has begun funding about 14 research projects in cognitive psychology, social psychology, cognitive science and computer science from September 2000. The funding period for the research program has been set to six years. Some of the graduate students and supervisors are involved in both the Virtual Graduate College and the research program.

Teaching

The Virtual Graduate College does not only involve research but also teaching. It is offered to the graduate students by the supervisors who participate in the college. On the one hand, teaching aims at giving the graduate students an overview of theoretical models, empirical and analytical methods, design techniques and technological settings relevant to their graduate research. On the other hand, it aims at exploring different forms of asynchronous and synchronous net-based teaching (cf. Harasim, 1990) such as distributed seminars, computer-mediated tutoring and coaching, learning tandems and discussion groups.

Each semester, at least one seminar is offered to the graduate students. To date, seminars which addressed the following issues have been offered:

· Media and cognition (Summer Semester 1999);

· Exchange and documentation of information on the World Wide Web (Summer Semester, 1999);

· Cognitive modeling (Winter Semester 1999/2000);

· Analysis, modeling and support of computer-based cooperative learning (Summer Semester 2000);

· Groups as information processing systems (Summer Semester 2000).

The supervisors who offered a seminar (pre-) selected the main issues addressed in the seminar, set up the learning goals, provided the required information about the addressed issues, structured the communication and collaboration among the graduate students as well as the documentation of information during the seminar and commented on the graduate students’ work. During a seminar, for example, individual or groups of graduate students had to read and summarize research articles as well as to mutually review their summaries, to search for and place together resources relevant to a research domain such as electronic documents and references to research projects, to write short essays which describe cognitive science concepts and to compare research articles with respect to their contributions to specific research questions. While the computer-based information and communication technologies were massively used for communication, collaboration and documentation during the seminars, face-to-face meetings also took place at the beginning or at the end of a seminar.

In addition to the teaching which takes place during the semesters, a summer school is organized once a year where national and international scientists offer state-of-the-art courses on cognitive science and learning technology.

National and International Cooperations

Although the Virtual Graduate College makes up an intradisciplinary research group of psychologists, it nevertheless seeks cooperation with scientists from other disciplines and nations. The investigation of the potentials and limits of computer-based information and communication technologies for individual as well as for collaborative learning currently forms one of the most vivid multi-disciplinary research domains world-wide. The many scientists from different disciplines and nations contributing to this research make it a collaborative enterprise itself.

The Virtual Graduate College has already initiated various national and international cooperations and aims at intensifying these cooperations as well as establishing new cooperations in the years to come. Cooperations may involve, for instance, the exchange of information about national and international research initiatives, the organization of common workshops or mutual visits of graduate students.

Nationally, cooperations are established with various national research programs which focus on teaching and learning with information and communication technologies such as Virtual University in the Upper Rhine Valley (Virtuelle Hochschule Oberrhein, VIROR, available WWW: www.viror.de), the Virtual Graduation Program (VirtuGrade, available WWW: www.virtugrade.uni-tuebingen.de) and the research program Net-based Knowledge Communication in Groups (available WWW: www.wissenskommunikation.de). The first and the second research program are part of the initative Virtual University Baden-Württemberg (Virtuelle Hochschule Baden-Württemberg, available WWW: www.virtuelle-hochschule.de).

Internationally, two cooperations have already been initiated. The first cooperating organization is the Center for Innovative Learning Technologies (CILT, available WWW: www.cilt.org) which aims at stimulating research on innovative learning technologies as well as coordinating research efforts of various other institutes such as the Center for Technology in Learning at SRI International, the School of Education at the University of Stanford and the Graduate School of Education at the University of California at Berkeley which is developing the Web-based Integrated Science Environment (WISE, available WWW: wise.berkeley.edu), a net-based learning environment for innovative science curricula. The second cooperating organization is the Center for Interdisciplinary Research on Constructive Learning (CIRCLE, available WWW: www.pitt.edu/~circle) at the University of Pittsburgh and the Carnegie Mellon University. One of the main goals of this institute is to develop effective computer-based learning environments.

Technology

The Virtual Graduate College takes advantage of computer-based information and communication technologies to realize asynchronous as well as synchronous forms of collaboration.

The technologies most frequently used for asynchronous collaboration are e-mail and the World Wide Web. The organization and documentation of collaboration is realized by means of BSCW (Basic Support for Cooperative Work, available WWW: bscw.gmd.de), a tool developed at the German National Research Center for Information Technology (available WWW: www.gmd.de). Although BSCW provides several mechanisms which support synchronous forms of cooperation, its focus is on mechanisms which support asynchronous forms of cooperation. Completely embedded within the World Wide Web, BSCW offers, for example, shared workspaces which support up- and download of various kinds of electronic documents, annotation and rating of documents, group management, threaded discussions, event notification, management of access rights, version management and archiving.

The technologies used for synchronous collaboration are video conferencing systems combined with application sharing systems such as Microsoft Netmeeting or tools relying on the Multicast Backbone (available WWW: www.mbone.de). The Multicast Backbone is an overlay structure of the Internet which allows for synchronous point-to-multipoint as well as multipoint-to-multipoint transmissions. Various tools which rely on the Multicast Backbone are available such as tools which enable the transmission of audio and video streams as well as tools which allow one to share text processors and whiteboards.

Experiences

With respect to the graduate research conducted in the Virtual Graduate College, it is still too early for systematic evaluation. While most of the graduate students who have participated in the college from April 1999 on are now right in the midst of their graduate research, the graduate students who recently joined the college have just begun to refine their research ideas.

With respect to the teaching offered in the college, the graduate students as well as the supervisors report mainly positive experiences. According to the graduate students, the offered seminars deepened their understanding of the concepts, models, methods and technological settings relevant to their graduate research. While the workloads during the seminars were considered high, the learning outcomes were also rated high. The available computer-based information and communication technologies were mostly easy to use during the seminars. Nevertheless, the face-to-face meetings were considered important and indispensable components of the seminars. According to the supervisors, the graduate students were strongly committed and actively engaged during the seminars. The graduate students’ contributions were of high quality and very often exceeded the supervisors’ expectations.

While the computer-based information and communication technologies available to the Virtual Graduate College were massively and successfully used for supporting teaching, up until now the same was not true for supporting graduate research. Graduate students rarely communicated about their graduate research with other graduate students of the college as well as with their co-supervisors. Cooperation and communication concerning a student’s graduate research mainly took place in the context of the research institute where the student was located. This demonstrates the frequently made observation that the availability of information and communication technologies does not lead to their use on its own.

What makes up the difference between the use of these technologies in teaching and in graduate research? With respect to teaching, the supervisors set up in advance a structure which organized the communication and collaboration among the graduate students as well as the documentation of information during the seminars in a specified way by taking advantage of the available information and communication technologies. To put it differently, the supervisors developed scripts which more or less prescribed the use of the available information and communication technologies. With respect to graduate research, up until now no such scripts were developed.

There are two major organizational goals to be accomplished by the Virtual Graduate College within the next year. On the basis of the experiences described above, the first goal is to encourage the graduate students to regularly take advantage of the competencies distributed across the Virtual Graduate College by means of the available information and communication technologies. This demands the development and implementation of a structure which supports the systematic exchange of information among graduate students as well as between graduate students and (co-) supervisors.

The second goal is to strengthen the national and international cooperations already set up as well as to initiate new cooperations in order to further integrate the graduate students into the international research community.
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