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Abstract. Groupware for cooperative work (CSCW) and for collaborative learning (CSCL) has many important commonalities as well as different requirements. By transforming a generic CSCW platform into an environment to support a particular vision of education as collaborative knowledge building, we saw how functionality had to be adopted, transformed and refined to meet the specific educational social setting. By “taking groupware to school,” we discovered the need to extend the original system into a CSCL application which could facilitate collaborative learning, knowledge building, perspective intertwining, knowledge negotiation, portfolio sharing and knowledge artifacts in active, structured virtual learning places. In the paper, we describe the resulting system and reflect on issues of design and implementation that differentiate our CSCL approach from its closely related CSCW basis.
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1
From CSCW to CSCL

With widespread use of the Internet, groupware promises to provide the kind of support to networked groups that individual productivity software like word processors and spreadsheets grant individuals. The potential of computer support for groups is perhaps even higher than that for individuals because communication within groups has until now suffered from severe constraints that may be eased by computer support. The question must still be addressed as to what groupware should aim at beyond the reproduction of pre-computer forms of group interaction. We need a vision of how networked computers can facilitate the discussion of all with all (that does not require the coordination of a manager or teacher) and the collaborative building of knowledge (that is not restricted to the skills, memories and efforts of individuals). Perhaps when we take groupware into the schools in a principled and explorative way we will see how computer support can be designed to transform teacher-centric learning into collaborative learning and transcend knowledge management with knowledge building.

1.1 Groupware Divided

Academically, the exploration of groupware has historically been split into two separate domains: CSCW and CSCL, which address issues of computer support for cooperative work and collaborative learning, respectively. Each domain has its own conferences, journals and adherents. CRIWG is one of the few places that these come together. This distinction has not been based on a conceptual analysis that might motivate such a division. Certainly, the two domains have at least sufficient commonalities that they can borrow extensively from one another.

Why should CSCW and CSCL be distinguished? There is at least a superficial motivation for this. CSCW is concerned with the world of work, where people must accomplish commercially productive tasks, while CSCL is concerned with the world of schooling, where students must learn basic skills that will in the end allow them to function effectively in the world of work and in adult society generally. These are very different social contexts. Perhaps the clearest lesson of groupware research to date has been the importance of taking into account the social context – the motivations, prevailing practices, political constraints – in which software is to be used. By this criteria, the two domains are indeed distinct and should be treated so.

However, it is also true that in today’s “knowledge society” work is often knowledge work that requires constant learning (Brown & Duguid, 1991; Zuboff, 1988). In the interesting cases, work – whether individual or cooperative – is not the repetitive carrying out of well-known tasks that were learned once and for all in school, but work itself centrally involves various learning tasks. Work may require just-in-time learning, where existing information must be found to solve a current problem. Or it may involve inquiry learning, where solving a wicked, ill-structured or non-routine problem requires the building of new knowledge. Similarly, the learning that is needed to prepare students for an effective role in tomorrow’s knowledge society cannot consist merely of the transfer of existing knowledge into passively receptive minds, but must guide the students to develop personal and social skills that will allow them to find information relevant to unanticipated problems and to engage in inquiry processes. In this sense, the application domains of CSCW and CSCL are closely related; it is not just a matter of both having to support activities of groups.

1.2
Applying a CSCW System in a CSCL Setting

This paper reports on the results of trying to extend a basic CSCW system for a typical CSCL application. We started with BSCW, a well-known and widely used groupware system (Appelt, 1999; Appelt & Klöckner, 1999; Klöckner, 2001). Used by over 200,000 people since 1995 when it was developed at the Institute for Applied Information Technology – FIT (previously a GMD Institute, now a Fraunhofer Institute near Bonn, Germany), BSCW provides a system of autonomously managed Web-based workspaces that can be used by members of a workgroup to organize and coordinate their work. These workspaces are central access points for shared documents, including folders for organizing them and a wealth of functionality for knowledge management. 

Although BSCW has been used in many classrooms, especially at universities in Europe, it is clearly a CSCW application. We wanted to adapt it specifically for the social setting of schools: to see what it would mean to transform it into a CSCL application. We undertook this within a European Union project named ITCOLE (Innovative Technology for Collaborative Learning and Knowledge Building) (Leinonen et al., 2001). With its emphasis on collaborative knowledge building, this project aims primarily at supporting group discourse. It differs from many other educational approaches, that strive to convey information in the form of curriculum content or videotaped lectures, which can perhaps be done with a CSCW system. In ITCOLE, we assume that students can find information on the Internet or in documents uploaded into the system, and that what needs CSCL support is: 

· the collaborative reflection on this information, 

· the building of group knowledge and 

· the determination of what is to count as produced knowledge artifacts. 

The focus of the ITCOLE Project differs from that of BSCW, which is on the archiving and sharing of existing knowledge artifacts. Thus, while we wanted to take advantage of important forms of CSCW support like knowledge sharing and social awareness, we also wanted to go beyond the management of established knowledge to the creation of knowledge that is innovative within a learning community that develops, defines, sanctions and shares its knowledge.

1.3
Paper Overview

The paper begins with a scenario (section 2), illustrating the vision of how our new system, called Synergeia, might be used to facilitate collaborative knowledge building in a typical collaborative classroom. The system is named Synergeia in recognition that the whole can be much more than the sum of its parts. Thus, the system strives to support the synergistic construction of knowledge at the group level that is quite distinct from what any of the students could produce on their own. The scenario anticipates the pedagogical concepts that are then presented in the next section (section 3). Note, for instance, that the “folders” of BSCW are referred to as “virtual learning places” because the metaphor is no longer one of passive storage containers, but of locations within which active knowledge building is supported. Following a brief discussion of the system infrastructure (section 4), the functionality for students (section 5), teachers (section 6) and administrators (section 7) is described. Finally, reflections on this attempt to adapt CSCW to CSCL are presented (section 8).

2
Scenario of CSCL Support

Synergeia is designed to support collaborative knowledge building. However, it must also be flexible enough that teachers in various countries can use it for a broad spectrum of educational approaches. The scenario illustrates what might be called the “default usage” of Synergeia. This means that Synergeia was designed to make it especially easy for teachers to set Synergeia up for structuring knowledge building this way, although other ways of using it are also supported.
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2.1
Getting Started

Carla is a student in a course on The Human Brain. Her teacher has enrolled Carla in the course, assigned her to a workgroup on the role of Vision, and uploaded her picture into the Synergeia system. As a result of Carla having been enrolled, the Synergeia system sent Carla an email inviting her to register as a Synergeia user. When she first logs in, her computer screen looks like Figure 1.

Notice that she can now see a folder for her course on “The Human Brain.” In addition, there is a “personal knowledge building perspective” for her to jot down her own ideas.

2.2
Group Knowledge Building 
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Carla clicks on her course and sees a folder for her project group within that course called “The Vision Team.” She notices in the size column that there are already some items in the group learning place, so she clicks on “Group: The Vision Team” and goes to that place. Carla works with the other students in her project team to collect websites and other documents about how vision works as part of the human brain (see Figure 2). As they collect new information, the team members discuss what they have found and begin to build theories about vision in the group knowledge building perspective (see Figure 3). This discussion motivates them to do more Web searches and to try to answer questions that they pose to each other. Gradually, they converge on an understanding of their topic and put together a portfolio of what they have learned, to share with the other members of the course.

As they begin to explore the physiology of vision, different students come upon different explanations. Some find discussions of vision in terms of light dynamics, lenses and the stimulation of the retinal sensors; others read about chemical reactions in the sensors and nerve connections; while others discover presentations involving electrical charges in neurons. As these different findings come together in the group knowledge building perspective, the concepts and claims in the notes interact. Efforts to question one another and to synthesize multiple notes raise new questions, hypotheses and insights.
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2.3
Personal Research and Reflection

Carla is a shy girl who does not normally participate much in face-to-face class discussions. She is afraid that her ideas are not very good and she hesitates to share them until she has had time to think about them and to compare them with other ideas or to check them out by collecting more information. So when she sees an interesting idea in the group learning place, she often copies it into her personal perspective and works on it there, where no one else will see it right away. During the week, her personal area fills with the results of new web searches, documents she has collected or edited, notes that she has copied from the group area, and ideas she has jotted down in her own knowledge building area. When she is happy with some of her ideas, she copies them and related documents into the group area to see what her team mates will say about it. Now she has some confidence that her ideas are thought through and can stand up to inspection by others. Even if her suggestions are not adopted unchanged in the end, they will be taken into the group discourse as serious contributions.

2.4
Group Knowledge Negotiation

At some point in the collaborative knowledge building process, Carla thinks that the group members have something almost ready to present to the course as a “knowledge artifact” or part of their team “knowledge portfolio.” So she puts this information together in a folder named “Good documents we found about vision” and makes a proposal to share this with the course. Now the group area contains a proposal folder named “The Vision Team’s proposal 1” (see Figure 2). 

In addition to the folder named “Good documents we found about vision,” this proposal folder contains a voting interface and a knowledge building area for discussing what changes are needed before the group members are ready to agree to send this folder to the course learning place as their “knowledge portfolio” (see Figure 4).

2.5
Course Portfolio Sharing

Once the team has decided to send their portfolio to the course learning area, it can be discussed by everyone in the course and evaluated by the teacher as a product of the group’s knowledge building effort. This might be the end of a curriculum unit, or it might lead to further inquiry and knowledge building. The same groups might continue to work together or the teacher and students might create new groups in new learning places. Our scenario ends here, but the learning continues.
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3
Pedagogical Requirements for Synergeia

The adaptation of BSCW for school classrooms involves responding to a particular pedagogical vision, and providing support for the particulars of that vision. To understand the difference that the CSCL setting makes to system design, one must understand the pedagogical concepts that drive the adaptation. The central concepts of collaborative knowledge building are presented in the current section. 

In this section, the conceptual framework is taken as a statement of requirements for a CSCL system. The individual concepts of the pedagogical framework motivate system design requirements that distinguish CSCL from CSCW. At the same time, it is clear that most of the CSCL requirements are variations on basic CSCW support. The requirements suggested or implied in this section led to the development of the specific functionality implemented in Synergeia and described in the following sections.

Note that although Synergeia is most useful and powerful if used to support what is here called “collaborative knowledge building,” the system has been designed to be flexible so that teachers with different curricular goals and pedagogical approaches can adjust it to their needs. 

3.1
Collaborative Knowledge Building

The design of Synergeia is guided by an educational approach that stresses the construction of knowledge within a community of learners, typically including students and more experienced teachers. The idea is that new knowledge will be created through the investigations and discourse of the group. While there are important roles for individual student thinking as well as for teacher guidance, there is also emphasis on sharing, critiquing and building upon each others’ ideas to arrive at deeper knowledge of a topic within a learning community (Bereiter, 2002; Scardamalia & Bereiter, 1996). “Group learning” is to be understood here in an emphatic sense: it is the group that learns, knowledge is constructed by the group itself. Whereas CSCW supports the sharing and archiving of knowledge that is contributed by cooperating individuals, CSCL supports the functioning of a collaborative group so as to build knowledge that is the shared creation and property of the group. Primarily, group knowledge arises in discourse and is preserved in linguistic artifacts, whose meaning is interpreted within group processes (Stahl, 2002a; Stahl, 2002b).

3.2
Virtual Learning Places

The most basic function that Synergeia offers is a set of workspaces on the Internet where people can share ideas, documents, web links and other objects. Whether people using Synergeia are in the same room during the same class period or they are in different countries working at different times, they can share their work and collaborate within these virtual learning places. Teachers and students can create new places whenever they want for any special needs they have. Places can be created to store new collections of documents. Synergeia offers several special kinds of learning places, such as Courses, Groups, Proposals and Knowledge Building areas that have special features. Although these virtual learning places are based upon BSCW folders for storing documents where they can be accessed by other group members, these places are structured to support specific collaborative knowledge building activities like negotiation of group knowledge. The CSCW workspaces are appropriated and specialized to support a variety of CSCL activities.

3.3
Perspectives

The approach to building knowledge in Synergeia is based on the idea of intertwining personal and group perspectives (Stahl & Herrmann, 1999). All knowledge involves interpretation from specific perspectives (Nygaard & Sørgaard, 1987; Stahl, 1993). In collaboration, personal interpretations of what is said in group discourse interact to form shared understandings (Stahl, 2002b).

The default structure of Synergeia provides a network of virtual learning places that are set up for personal, group and course uses. These perspectives support a range of pedagogical models that are favored in the different countries participating in the ITCOLE Project:

· Community of learners (Italy). The areas in which work, communication and learning take place are structured to reflect the structure of the community, with its sub-groups and members. 

· Progressive inquiry (Finland). The inquiry process progresses through collaborative discourse within groups as well as through reflection by individuals.

· Conceptual change (Greece). Learning is treated as a social process in which the understanding of individuals is affected by and grounded in the discourse of the community.

· Shared and individual regulation process (Netherlands). The intertwining of shared group and personal individual ideas leads to new understandings at all levels.

Thus, there are private personal learning places where only one person can add notes, documents or sub-folders and can come back and look at these, modify them, or copy them to a group place. These are places to develop your personal perspective on a topic without worrying what other people will think about what you are doing. Because your personal ideas and documents are in Synergeia, they can be easily related to ideas in other learning places. Allowing the system for group work to be used for personal reflection as well has two major advantages. First, it encourages system use and familiarity. A major problem with groupware systems can be that they require users to log in every day to see what it new there; if people do not use the system for their normal activities then they tend not to log in frequently enough. Also, if people have to use too many different systems for their work then it is difficult to become proficient in them all. Second, by conducting both personal and group work in the same system, people can easily move ideas and documents back and forth between the two. In particular, Synergeia is designed to allow quick cut and paste of items and sets of items from any visible learning place to any other. 

Then there are the group learning places where most of the collaboration and knowledge building gets done. Here everything is shared with the other members of the team or work group. Students who are not in the group cannot modify or comment on work in the group until the group decides to share something with the whole course. Knowledge usually emerges from a group perspective (Stahl, 2002a).

And there are also course learning places, where all the smaller work groups or project teams within the course contribute the knowledge they have built up. For instance, a teacher who has a course with 30 students might divide them into 6 or 7 teams. Perhaps each team would develop a portfolio to present their ideas to the class. Each team might have the same task or they might divide up different aspects of the larger course topic. After they develop their group portfolios, they can share and debate within the whole course perspective. While CSCW systems provide support within a generic group, a CSCL system should support various levels from individual to large group, with fluid navigation and transfer of contents among the levels.

3.4
Knowledge Building Areas

Knowledge building proceeds largely through discussion. Therefore, each personal, group and course perspective automatically contains a threaded discussion component, that is called a knowledge building area in Synergeia. (See Figure 3 for an example of a knowledge building area.) The knowledge building areas in Synergeia have extended the basic threaded discussion facility of BSCW. The note currently being considered is displayed prominently at the top of the interface, with special buttons related to it. Notes from here can now be copied to other places in the system and notes from elsewhere can be pasted here. Notes in these areas are now included in system searches, because they form an important part of the knowledge in the system. Thinking types take on a much more important role in Synergeia as in BSCW, where they were limited and rarely used. While threaded discussion support is derived from CSCW, it requires more nuanced and specialized support in CSCL.

3.5
Thinking Types

It is important for students to reflect upon the role that a note they are entering will play in the knowledge building process. Both note titles and categories should be chosen carefully (Gerosa et al., 2001). Discussion within the knowledge building areas is scaffolded with a set of thinking type categories for the notes. Before someone can enter a note, they have to decide what category of note they want to add to the existing discussion. For instance, do they want to state the problem that is to be pursued, propose a working theory, deepen the knowledge that is already there, or make a meta-comment about the knowledge building process that is taking place? It is possible to have different sets of thinking types for different approaches to knowledge building. For instance, the preceding examples illustrate categories of inquiry learning notes. Other categories are appropriate for brainstorming, debate, design rationale, etc. 

3.6
Concept Maps

In building knowledge, it is often useful for a group to discuss how the concepts they are using are related to each other. One method for doing that is for the group to construct a concept map which diagrams these relationships. Synergeia provides a whiteboard for people to work together simultaneously to sketch a concept map. The whiteboard is accompanied by a chat window to support coordination of this task and interpretation of the symbols in the map.

3.7
Negotiation

A teacher can set up course learning places so that the only way that new documents, maps and folders can be added is by a group developing a knowledge portfolio or knowledge artifact in their group learning place and then deciding to move this into the course place. Making this kind of group decision is called knowledge negotiation in Synergeia. There is a negotiation mechanism to help a group reach this decision and move the knowledge they have created into the course learning place, where it can be shared and discussed by all members of the course. By specifying the negotiation option for a course, the teacher in effect declares that the only knowledge allowed in this learning place is knowledge created by groups.

In CSCW negotiation, such as Herrmann’s or Wulf’s model (Herrmann et al., 1996; Stahl & Herrmann, 1999; Wulf et al., 2001), commenting on one’s voting serves the purpose of expressing one’s supposedly pre-existing opinion. In Synergeia, engaging in negotiational knowledge building is participating in a group reflection on shared knowledge. This can be seen in the thinking types of the notes contributed. In CSCW the note format stresses who the author is and may characterize the notes as a “pro” or “con” opinion (as even in BSCW); in Synergeia the note must first of all be determined to be a particular aspect of the knowledge building process, such as a problem statement, a working theory or a summary statement. Knowledge negotiation is thereby explicitly structured as a collaborative group effort, where notes written by individuals must fit into the group process and are categorized by their function in the group thinking, not the individual.

3.8
Roles

Synergeia defines roles for students, teachers, guests, mentors, etc. This gives people in these roles the power to execute certain menu functions, such as to read, edit or delete objects in a learning place. When someone is invited into or registered for a particular learning place (such as a course or group) they are invited or registered as a member with a specific role (such as student). It is possible to change a user’s role, to define new roles and to add new sub-folders where the user has a different role. Whereas roles in BSCW were generic and rarely used, in Synergeia they capture important distinctions between people based on power and knowledge in school settings. These roles must be adapted to different kinds of learning spaces.

4
The Synergeia System

This section briefly indicates how the technological infrastructure of BSCW was extended in response to the needs of the classroom setting. Synergeia consists of the following three components:

4.1
BSCW

This is the Basic Support for Cooperative Work system. It is a Web-based system designed to support teams of adult professionals working together and sharing documents. It provides mechanisms for uploading, downloading, versioning and archiving of many kinds of documents. It also supports Web searches, annotations and ranking. BSCW is written in Python as an object-oriented set of cgi scripts. It includes a persistent store for objects. The server runs in Windows or Unix and the client can be displayed in any Web browser. Interestingly, the BSCW technology is literally a technology of extensibility; the cgi scripts extend the functionality of a core webserver like Apache or IIS by means of standard HTTP calls. This makes BSCW an attractive basis for further, open-ended extensions.

4.2
BSCL

 This is the set of functions and interfaces that adapts the BSCW software to collaborative knowledge building in K-12 classrooms. It includes the functions to create personal, group and course learning places and to register users in these with specific roles. It also includes the knowledge building interface, sets of thinking types and support for negotiation. BSCL is implemented as a Python Package that extends BSCW and that interfaces with MapTool. Packages are a flexible technology for modular extensibility in object-oriented languages like Python. BSCL is one of several packages that extend BSCW and it is possible to create new packages that extend BSCL itself.

4.3
MapTool

This is a collaborative whiteboard that students in a group or course can work on simultaneously (synchronously) to construct concept maps and other simple diagrams. It includes a chat window for coordinating and discussing the drawing. The maps are stored in BSCL learning places. Synchronous support for the MapTool Java applet client is provided by the Ants system, using the Elvin server. The inclusion of MapTool in the Synergeia system is an experiment in extending BSCW with synchronous components, where user information, drawings and chat data must be stored in and retrieved from BSCL’s database by MapTool.

5
Student Functionality in Synergeia

This section presents actions that are typically taken by students, rather than those typically taken by teachers or system administrators, including those that are part of the knowledge building process. This shows in some detail how both existing functionality in BSCW and new functionality of Synergeia support the activities of students.

5.1
Personalization and Customization

For youthful users, it is important to make software more fun to use. Personalization and customization facilities allow users to adapt the system to their own preferences and to feel that the systems is “theirs.” Synergeia users can personalize the user interface by including a picture of themselves in the upper right-hand corner of the screen next to their username. This picture will represent them at other places in the Synergeia interface as well, such as when knowledge building notes are sorted by author. 

There are many functions for customizing the Synergeia interface. A student can: 

· specify which columns to display for details related to sub-folders and documents. 

· change the size of the displayed text. 

· sort the listed sub-folders and documents in different orders. 

· toggle on and off the display of menu shortcut icons below the main menu. 

· toggle the descriptions below the names of sub-folders and documents. 

· toggle the contents below the titles of knowledge building notes.

Students can set a variety of details about how the Synergeia system will work for them. They can:

· change their password. 

· set the location for their picture. 

· enter their email address or home page. 

· set their system preferences. 

Students are automatically considered “beginners” as users of Synergeia. This means that the menus they see are not full of options that are intended for more experienced users. They can change to “Advanced” or “Expert” status when they feel ready to access more menu items.

5.2
Uploading a Picture

Because access to the content of each learning place is very strictly controlled to protect privacy and to support established practices, if a student uploads a picture to most learning places then that picture will only appear for users who have access to that place. To overcome this restriction, each course learning place contains a “Shared” folder. Items placed in this sub-folder can be accessed by everyone. Therefore, photos of students to be shown in Synergeia can be placed in one of these “Shared” folders and then viewed by everyone. 

5.3
Knowledge Building

Because discourse is the central mechanism of collaborative knowledge building, it is important to make support for discussion as powerful as possible. The user interface of the threaded discussion areas in Synergeia has been carefully designed to encourage thoughtful, focused, deep knowledge building. 

As seen in Figure 3, the note that is currently being read is at the top of the screen. With it are a number of buttons for building further knowledge, such as adding a reply to this note. The background color of this part of the display corresponds to the note’s thinking type. The different thinking types are described on a help page reached with the “Thinking Types” button; the corresponding background colors can be seen there.

Below the current note is a display of all other notes entered in the same knowledge building area. The notes can be displayed as indented threads, indicating which notes reply to which other notes. Alternatively, the notes can be sorted by author, date or thinking type. Sorting by author shows quickly who is contributing the most; by date shows the order in which ideas were written; by thinking type indicates which parts of the knowledge building process have or have not been emphasized so far. 

In each of the sorted displays, the display of the content of the notes can be toggled on and off so that one can see either just the list of the notes or the full content of the whole discussion. This is useful so that one can quickly get an overview of the structure of complex discussions or see the full content of brief discussions. 

5.4
Learning Places

A major advantage of Synergeia over threaded discussion systems in commercial groupware systems is that the discussions in Synergeia are separated into personal, group and course perspectives in different virtual learning places, so that different topics are not mixed together and it is easier to keep up with relevant discussions without being overwhelmed by contributions of many other people who are investigating other issues. The same is true of the documents, web links, etc. that are collected in the various learning places. 

It is important that the network of learning places be structured in a way that seems natural to the students using them. The basic structure of learning places follows the normal structure of schools, with students in projects within courses. It should be easy to see what is available and relevant, and to navigate to it easily. Therefore, when a student logs in that student’s personal learning place is displayed; the personal place includes a list of the student’s courses and the course learning place includes the student’s groups. It should also be easy to copy documents and ideas from one place to another. At the same time, because these places are generally shared, it is also important to protect the contents so that one person cannot change or delete someone else’s work arbitrarily – as can occur in BSCW. 

By default, Synergeia defines appropriate connections between places and reasonable access rights to them when people are registered for courses and groups. Each user, group and course automatically has its own knowledge building area – additional areas can be added or the automatic ones can be deleted. Also, plain places that do not have the special characteristics of groups and courses can easily be added. Thus, the structures, navigation paths, access rights and facilities within Synergeia are designed for usage within the social practices prevailing in school settings, with adequate flexibility to allow for broad variations within these settings. 

5.5
Negotiating Knowledge Artifact Portfolios

Negotiation in a knowledge building context is essentially different from that in a knowledge management or group decision situation (Stahl et al., 2002). In other groupware settings, negotiation is conceived of as a straw vote to determine how people’s pre-existing opinions are distributed on alternative options that have been proposed (Herrmann et al., 1996; Kraemer & Pinsonneault, 1990; Wulf et al., 2001). In a collaborative knowledge building setting, however, it is a matter of further refining the proposed knowledge artifact. Voting serves just to signify that all participants are satisfied that the artifact represents their group knowledge and can be shared at the course level as a knowledge portfolio contributed by their group. The important part of the negotiation process is the evolution of the knowledge itself in parallel with the group discourse about it.

When members of a group learning place have built a knowledge artifact – such as a collection of websites, a PowerPoint slide presentation, a concept map, or a portfolio of texts and pictures – they can decide to copy it to their course learning space to share with members of other groups in their course. This result of their collaborative work as a group may be a final product that the teacher will evaluate or it may be an intermediate product that they want to share and get feedback on from other people.

If a course has been defined to require negotiation, then students in that course must go through a formal negotiation procedure to copy a proposed knowledge artifact portfolio to the course learning space. The purpose of this is to ensure that all or most people in the group agree to have the proposed portfolio represent the knowledge that the group has built together. (If negotiation is not required in the course, anyone can simply check one or more items in the group place, select the copy multi-menu and then paste this into the course learning place.) To use the negotiation procedure, a student must select items for their portfolio and choose the “Negotiate” item from the multi-menu, folder menu or item menu. This will create a portfolio proposal in the group place similar to that shown in Figure 4. 

The portfolio proposal interface includes a voting area that allows group members to vote on submitting the portfolio when they are happy with it. Within the portfolio are:

1. the selected portfolio knowledge artifacts, and 

2. a negotiation knowledge building area for discussing changes that should be made to the proposed portfolio.

Students use the negotiation knowledge building area to negotiate changes that they think should be made within the portfolio. They make changes in the portfolio that they think will make it acceptable to all or most people in their group. When they like the way the portfolio looks, they vote to approve it. Each person who submits an approval or disapproval vote must enter a statement justifying their vote; this statement is automatically incorporated into the negotiation knowledge building area where it is included in the negotiation discourse and can be discussed. When all or most of the people in the group have voted for the portfolio, it is automatically copied to the course learning place. The negotiation knowledge building area is copied with the portfolio folder so that members of the course can see what was said about the portfolio. Students may want to make summary comments in this area to say what they think is important in the portfolio. If they still have criticisms of the portfolio or if they would like course members to discuss certain ideas about it, they can put that in the area as well.

5.6
MapTool and Chat

In course and group learning places and in proposed portfolios, students and teachers can open the MapTool. This is a whiteboard where they can draw concept maps and other simple diagrams with shapes, arrows and text. Several people can work on the map at the same time. A chat window is included next to the diagram to allow people to coordinate their work and explain it to each other if they are working on it at the same time from different physical locations.

To work with other members of a proposed portfolio, work group or course, they go to the learning place for that portfolio, group or course. At the top of the screen is a list of all members of the place. Those who are currently logged in to Synergeia have their names shown in bold; if they are active in MapTool, their name is in red. This is a form of social awareness which has been added to BSCW; it lets people know who is involved in MapTool in this learning place.

Each proposed portfolio, group and course learning place has its own version of MapTool. When a MapTool session is first started, the last map is automatically opened so that work on it can be continued if desired. You can also reset the MapTool to start with a blank whiteboard. When other members join an active MapTool session, they see the current state of the whiteboard and the chat window, so they can catch up on what has already been done in there.

At any time, the current state of the work in MapTool can be saved. Then a student can go into the learning space and make a copy of this map. The saved map can be opened as a JPEG graphics file. The student can save this file in a Word document, a PowerPoint slide show, a larger graphic file or simply as a JPEG file in a sub-folder. This way, collaborative work in MapTool can be documented as part of a report or knowledge portfolio.

5.7
Documents and Editing

Synergeia supports many common formats of documents. They can be stored in Synergeia, where other people in your group or course can easily access them, download them, edit them or print them. To edit a document, someone must have edit permission.

Synergeia can be used as a handy website, where students can quickly upload pictures, documents and discussions that other people can view on the Web. Of course, only people who have been invited to the folder can view this material. This automatically includes members of the course or group that the folder was set up for. Students can also invite other people from their Synergeia address book. 

5.8
The Size Column

A new column has been added to the BSCW display of documents: the Size column shows the size of the listed documents. This is helpful for indicating how long it would take to download a document. If a folder is listed, the size column shows the number of items the folder contains. This gives a hint of which folders are interesting to navigate into. The display of the size column can be toggled on and off.

5.9
Uploading, Archiving and Versioning

Students can upload documents of all kinds from their local computer to the current learning place or to a sub-folder. 

files from Synergeia can be archived to a student’s local computer. By default, the selected files will be compressed into a Zip (or WinZip) archive file.

A student can also create a network of versions of a document in Synergeia. That way different people can edit a shared document in different ways; these new versions can each be edited later, creating multiple series of versions, all of which can be viewed as desired. 

5.10
Searching the Web and Saving Bookmarks

Synergeia has built-in web searching using major Web search engines like Alta Vista, Excite, Lycos or InfoSeek. The results of the search can be saved to a sub-folder. Then students can look at each site found, delete the uninteresting ones, and annotate or rate the interesting ones. 

Students can either store a web address (URL) or fetch the contents of the site and store that; this makes a difference if the content of the site might change and they want to be sure they have either the current content or the latest content.

Students can also give a rating to the website when they store it.

5.11
Annotating and Rating

Students can add annotations to items in a folder. In the Notes column of the document or URL an icon will appear to indicate that this item has an annotation. Students may reply to a note and create threads of replies.

When one creates new documents or URLs, one can give them a rating indicating how good one thinks they are. One can also add a rating or revise it with Rate in the item menu. This rating is displayed in the Rated column. Then one can sort the items in a folder by their rating.

5.12
Menus, Shortcuts, Multi-menus and Item Menus

Menus in Synergeia are customized to users, user roles (teacher, student, mentor, guest, owner), levels of user experience (beginner, advanced, expert), learning places (group, course, shared), object affected (documents, notes, etc.). Generally, options will be displayed in menus only when the current user is authorized to use that option in the current folder with its current objects. 

There are many ways to accomplish actions in Synergeia. There is a main menu bar across the top (see Figure 5). Under this are shortcut icons for some of the most frequently used functions. The display of shortcut icons can be toggled on and off. 

Above the display of documents and sub-folders is a bar of multi-menus. These are actions that apply to several selected items from the list below at once. Before clicking on a multi-menu button, one or more items should have been selected by checking the box on the left of the list. Small boxes above this column of check boxes will select or clear the entire column of checkboxes. 

To the right of the display of documents and sub-folders is an arrow that pops up an item menu. The top arrow pops up a menu of actions that apply to the current folder. The other arrows pop up menus of actions that apply to the item on that line of the display. 

In addition, there are some special buttons, such as in the knowledge building areas, for local actions, like sorting, replying or requesting help.

5.13
Inviting Friends

Suppose a student wanted to set up a team of friends to work on some project or just to have fun together when they are not all in the same place. The first thing to do is to set up a virtual learning place to all meet. The student can create a subfolder from any personal, course or group learning place. If it is created from a course or group place, then everyone in the course will have access to the new place. Everyone who is invited must [image: image5.wmf] 
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already be registered in Synergeia – only a teacher can register new people. If the student knows the login names or email addresses of everyone, they can be added directly from the address book with this information. Otherwise, the student can search for them in Synergeia, select people directly from the search results, add them to the address book and invite them to the new place.

5.14
Info, Events and History

Synergeia saves a lot of information about all the objects stored in it: who created, read or changed documents and other items. There are various ways of seeing this information. In the Events column of a folder display, one may see a footprint, star or glasses icon. Clicking on these will show a history of who changed or looked at the item on that line. Also, one can look at the History and Info menu items in the Main menu and the item menus or the “i” info icons. To delete history items that have already been seen one use the Catch Up menu choices. These features help students see what others have done and review the historical evolution of documents and other knowledge artifacts in the knowledge building process.

5.15
Roles and Access Rights

From an implementation standpoint, extensions to BSCW are largely accomplished through the definition of special domain-specific roles, with specific access rights within various kinds of learning places.

6
Teacher Functionality in Synergeia

Teachers are learners too. They participate in personal, course and group knowledge building. Because of their training and responsibility, teachers and other mentors have to exercise leadership in guiding the knowledge building process. In addition, teachers are responsible for setting up the network of learning places, inviting students to them, providing content and structuring the activities that take place in Synergeia. It is important to create special functionality to support the work of teachers in classroom settings. In Synergeia, no attempt is made to support curriculum planning, administration of grades or other roles of teachers outside of the Synergeia system. Rather the focus is on helping teachers to set up appropriate hierarchies of learning spaces for students, groups and courses.

6.1
Registering People in Synergeia

A teacher can register people in Synergeia by simply entering a list of email addresses and assigning them roles. As a result of this, an email is sent to people at each of these addresses inviting them to register in Synergeia. The email includes a special URL that they must each enter in their browser. Then they must type in a username and a secret password. It is their responsibility to select a username that they will be known by in Synergeia (such as their first name, last name or nickname – teachers may want to recommend a convention for doing this, such as first name in all lower case letters). The invited people are responsible for remembering their own passwords, since no one else will know them. They must also enter other information, such as their full name and school (or other organization) name. Invited users are known by their email addresses in Synergeia until they log in and specify their usernames; they may be registered for courses and groups by their email addresses. Students who forget their passwords can request Synergeia to send them a new one by email.

Teachers can produce a report of all the people enrolled in courses and groups from their personal home folder. They can also produce searches of all people who have been registered.

Registration in Synergeia is quite different from that in BSCW normally. This is because the school community is limited to a set of regular members (e.g., students and teachers). Course contents are not intended to be open to others. Also, enrollment on courses and groups should be under teacher control. In BSCW, people who already have access to a folder can invite arbitrary other people to share in that folder, whether the other people are known in the system or not. In Synergeia, it is possible for students and others to invite people to a learning place, but only if those people are already registered in the system (i.e., are members of the school).

6.2
Defining a Course

A course is a particular kind of learning place; it is defined as a folder with special properties:. 

· A course can only be created by a teacher and only from in the teacher’s home folder. 

· A course can be divided into groups; a group can only be created inside of a course. 

· A course automatically has a “Shared” folder for pictures and other items that will be accessible by everyone. 

· A course automatically has its own knowledge building area. 

· When a teacher creates a course, an option box can be checked to require negotiation. This means that students can only add items to the course (except in the Shared folder or the knowledge building area) by negotiating them as proposals in a group that is in the course. If this box is not checked when the course is created, then members of the course can add items just like in any other learning place. 

· The course is listed inside the personal home learning place of every member of the course.

· The teacher who creates the course is automatically a member of the course.

6.3
Enrolling Students in a Course

When a new course is defined, the teacher can enroll people in it. The people must already be registered in Synergeia. At any time later, the teacher can enroll more people in the course. When people are enrolled, they are assigned a role, such as Student or Teacher. The different roles determine access to menu functions under various conditions.

When someone is enrolled in a course or in a group, they receive an email notifying them that they have been enrolled. The teacher enrolling them can write a special email message to let them know how to get started on the learning tasks of their course or group; the enrollment form includes a place for entering such a message.

6.4
Seeding Content

Teachers may want to upload documents, video clips, website URLs, etc. into a course before students start to work in it. This can be done using the same procedures that students use to upload documents. In Synergeia there are no special curriculum authoring or content creation facilities.

Teachers may want to seed some of the knowledge building areas with starting notes, to select appropriate thinking type sets and to pose initial problem statements.

Teachers should think carefully about how the structure of learning places is set up, how students are invited to them and how the accesses to them are defined (either automatically with the default structures or manually with normal folders).

6.5
Defining a Group

A group is a particular kind of learning place; it is defined as a folder with special properties: 

· A group can only be created by a teacher and only from within a course folder. 

· A group automatically has a knowledge building area. 

· When a teacher creates a group with Main/New/Group, students from the course can be enrolled into the group. At any time later, the teacher can enroll more people. When people are enrolled in a group, they have the same role they were assigned in the course. 

· The teacher who creates the group is automatically a member of the group. 

· The group is listed inside the course. 

· When a teacher creates a group, the teacher can check an option box to allow all members of the course to view and copy items in the group learning place even if they are not members of the group. These people are assigned the role of “course mates.” If this box is not checked, then course mates who are not in the group will see the name of the group in their course folder, but it will be grayed out so that they cannot access it.

6.6
Defining Non-default Folder Structures

It is not necessary to use groups. A teacher could enroll all the students in one course and not divide this into groups, as long as the number of documents and knowledge building notes does not become unwieldy and confusing. The teacher and students can also create normal sub-folders within the course learning place in order to structure their work. Then all students in the course would have full and equal access to all the folders (because access rights are inherited down the hierarchy of folders), unless considerable work was done to adjust access rights manually. A teacher can also delete knowledge building areas that are automatically created in personal, group and course learning places or create new ones. Synergeia provides all the power of BSCW’s systems of workspaces and access controls, but their use requires considerable effort on the part of the teacher if the default structures are not used.

6.7
Starting Knowledge Building Areas

When knowledge building areas are automatically created in personal, group and course learning places, their thinking type set has not yet been selected. When the first note is added, the user is asked to select a set of thinking types from among the defined sets within Synergeia. Some sets have more than one possible starting note Type, so the user must also select that when adding the first note. A teacher may want to add the first note to created knowledge building areas in order to select the thinking type set for that area.

6.8
Selecting a Set of Thinking Types

Synergeia currently has six (6) sets of thinking types. In English, they are called: “knowledge building”, “scientific theory”, “negotiation”, “debate”, “discussion” and “brainstorming”. Each set consists of eight (8) types, one or two of which can be used for starting notes. When a user creates a new knowledge building area or adds a first note to an automatically created knowledge building area, the user is asked to select a set of thinking types and create a starting note.

6.9
Defining Negotiation Procedures

A teacher can change the default values for negotiation procedures within a course from within the course folder. The default percentage needed for a vote is 74% and the default time period is 14 days, unless specifically set.

6.10
Copying Knowledge Portfolios

A teacher can promote a proposal or other folder from a group to a course without going through the negotiation process. This provides an alternative within a course that was set up for negotiation. For instance, the teacher might conduct a face-to-face discussion with the students in a group and reach a verbal understanding that certain items should be copied to the course; then the teacher can copy these items without requiring the students to go through the negotiation and voting procedure.

7
Administrator Functionality in Synergeia

Schools rarely have adequate computer support staff to install and maintain their own server systems. Therefore, the Synergeia system is currently run for all schools from a central Internet server in Germany. The system administrators in Germany takes care of setting up and maintaining the system. School personnel can communicate with these system administrators to make changes to the system. Changes made will affect users in all countries and should only be made infrequently to avoid confusion for users. In future versions, it will be possible for schools to set up their own Synergeia servers.

7.1
Inviting Researchers and Teachers

In order to promote communication within Synergeia among the partners and the teachers in each country, the system administrator creates a learning place for the ITCOLE partners with subfolders for Researchers, Greek Teachers, Italian Teachers, Dutch Teachers and Finnish Teachers. Partners, researchers and teachers are then invited to these learning places by the administrator and the partners. Each group can communicate about the use of Synergeia in their country.

7.2
Translating into Another Language

Many groupware systems provide a user interface in English, assuming that professionals using the system can read the menu items and instructions in English. For younger students, however, it is important to provide an interface in their native language. The Synergeia interface can be translated into any language. All language specific terms and phrases are contained in language-specific dictionaries. These may be translated and installed. Then the entire Synergeia interface will appear in the new language when a user’s browser is set to that language. The default language is English.

7.3
Defining Sets of Thinking Types

In Synergeia, it is not currently possible for users to modify the sets of thinking types interactively. However, the language files include all the terms and descriptions of the different thinking type sets. Thus, the ITCOLE partners from a specific country can translate these language files in a way that completely redefines the sets of thinking types. There will still be 6 sets of 8 types, but the names and descriptions of the sets and their types will be redefined once these language files have been installed by the system administrator.

7.4
Over-riding Default Roles

The defined roles can be redefined interactively. A form listing all Synergeia actions role can be displayed and these actions can be assigned to a selected role. Alternatively, one can define a new role based on an existing role and edit the new role. One can also assign new roles to individual people. These changes go into effect in the current folder in which the changes are made, and in every sub-folder (or sub-sub-folder, etc.) of that folder. Owners of a folder or other object have a special role for that object; one can also add additional owners.

8
Researcher Functionality in Synergeia

Synergeia has been developed as part of a research project that aims to determine what forms of groupware support are needed in settings of collaborative knowledge building. Synergeia is not intended to be a perfect system already. It is a software system for testing ideas, functionality and computer-mediated pedagogy in a variety of European classrooms. It is an experiment. Therefore, it is necessary to gather data on how students and teachers used Synergeia. 

Notice: It is important that everyone – students, parents, teachers, school staff, etc. – understand that anything entered into the Synergeia system may be viewed by researchers who are involved in the ITCOLE project. Certainly, every attempt is made to preserve the anonymity of Synergeia users; however, names, entries and documents of system users may be viewed and analyzed in the future by researchers who are not known to the users. It is the responsibility of project partners in each country to ensure that the use of Synergeia meets the standards for privacy, confidentiality and public notice required in their country.

To support the research effort, a number of mechanisms have been included in Synergeia to log user activities and to trace knowledge building efforts.

8.1
The BSCL Log File

Every action taken by a user within the Synergeia system is noted in a chronological server log. This log contains one line of information for each time that a user executes a menu item, like AddDocument, AddFolder, ReadNote, etc. Each line of the log includes the name and id of the user, the kind of action, the time, the data objects affected, etc. The log can easily be read into a spreadsheet for analysis.

8.2
The MapTool Log File

A separate but similar log file is maintained for user actions taken in the MapTool component, logging entries in the chat window as well as actions taken in the whiteboard.

8.3
Displaying, Sorting and Printing a Knowledge Building Area

Anyone who has access to a Knowledge Building area can display the content of all notes in that area by toggling the View/Messages menu item. The notes can be sorted by author, date or thinking type, in addition to being displayed in threaded order. The area can then be printed exactly as displayed with the browser’s File/Print menu item.

8.4
Archiving and Saving a Knowledge Building Area

In addition to printing a Knowledge Building area, one can save it to a text file or zip file on one’s local computer with the Archive option on the Knowledge Building area’s item menu. With the Send option one can then email this archive file to a researcher.

8.5
Logging all the Knowledge Building Areas

It is also possible to create a large file that contains the contents of all the Knowledge Building areas in Synergeia. This can only be done by the Synergeia system administrator. The content of each area is formatted in a standard way, with a header giving information about the whole area and then a line for each note. The contents can be formatted with a user-defined template, for instance incorporating XML tags. 

8.6
Analyzing the Logs

Software to analyze the different logs is currently under development. This should provide automatic reports on Synergeia usage and present data for detailed analysis in convenient formats.

9
What Groupware Can Learn by Going to School

Much has already been learned about the differences and similarities of CSCW and CSCL groupware support through the process of designing and implementing Synergeia. The school setting has special characteristics that make certain functionality particularly important and that require specific transformations of other functions. Many such adaptations and extensions have been illustrated in the preceding sections of this paper. 

9.1
Roles and Access Rights

One unanticipated technical finding was the importance of mechanisms for setting specific access rights for various kinds of folders. A new version of BSCW (4.0) that was released during the beginning of the ITCOLE Project included mechanisms for defining roles. These mechanisms – which to date have only been explored in the development of Synergeia – proved particularly helpful. From an implementation standpoint, many extensions to BSCW for Synergeia are largely accomplished through the definition of special domain-specific roles, with specific access rights within various kinds of learning places.

A straight-forward application of the role mechanism was to define roles for teachers, mentors, students and guests. New users are registered in Synergeia with one of these roles. The role determines what actions the user can undertake within his or her personal learning place. For instance, a user who is registered as a teacher may create courses and groups or redefine negotiation parameters; a student user may upload documents; and a guest may only view contents in Synergeia. A teacher has special powers to delete offensive materials, and so on. A mentor also has many of these powers that students do not have, but does not have the ability to create courses and groups. Users have more control over objects that they created than over other objects, such as the ability to edit or delete them. A user can invite other users to folders and can reset or modify roles, but can never assign abilities that exceed that user’s existing abilities.

In addition to the standard roles, special roles were defined for “course mates” and “restricted students”. These are used for special circumstances. For instance, course mates can see in their course learning places what groups exist that they do not belong to. Depending on the option set by the teacher when the group was defined, users who had student roles are re-assigned “course mate” roles, where they are able to see the name of the group listed, or else they are re-assigned the “restricted student” role, where they may enter the group learning place and view or copy – but not add to or modify – the content there. 

Similarly, in a course where the negotiation option was selected, all student users are re-assigned the role of restricted student. This means that they can see and copy all content, but cannot add or modify anything (except through the group negotiation procedure). This re-assigned role is inherited down into all sub-folders and sub-sub-folders, etc. (as is usual for roles). This automatically prevents students in a course from changing the contents of negotiated portfolios from groups, although they can view these contents and copy them elsewhere to work further on them. In the special course Shared folder and course knowledge building area, the restricted student roles are changed back to normal student roles, so that students can upload documents and reply to knowledge building discussions.

The school setting requires much more complex control over access rights than is instituted in the normal BSCW system. The role mechanism provides a convenient, flexible and elegant means for defining and instituting the needed sets of access controls.

9.2
Evaluation of Version 1

This paper reflects the design of Version 2 of Synergeia, which will be released to European elementary and secondary schools within the ITCOLE Project in summer 2002. It has already benefited substantially from informal feedback from the review of Version 1 by pedagogic partners in the Project and from the use of Version 1 by teachers and students in the Winter and Spring 2002. The use of Version 1 is currently being subjected to extensive evaluation in each of the participating countries. It is expected that this will reveal additional groupware requirements of the school setting.

9.3
Evaluation of Version 2

Version 2 of Synergeia will “go to school” in 50 courses in Italy, Greece, the Netherlands and Finland during the Fall of 2002. This will again be subjected to formal evaluation using a variety of survey instruments. Data from the log files and classroom observations will be analyzed with a mix of quantitative and qualitative methods. Results of these evaluations should provide important insight into the effectiveness of the Synergeia adaptations and extensions to groupware mechanisms presented in this paper.

9.4 The Lesson for Groupware

There are many fundamental commonalities between CSCW and CSCL groupware requirements and the two can build upon each other’s accomplishments. However, the school setting, seen from a specific pedagogical perspective, brings with it considerations that call for particular treatments. In the case of the development of Synergeia within the ITCOLE Project, we have seen that it was necessary to develop a suite of functionality that adapted generic CSCW forms of support to define a unique educational environment. It is likely that as the CSCL extensions mature through testing and usage they will feed back into suggestions for CSCW itself.
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Figure 1. Carla’s computer screen after she logs in. There is an entry for each course that Carla is enrolled in as well as a personal knowledge building area for her to develop ideas privately.
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Figure 2. The Group learning place. Here is where collaboration takes place. Documents, websites and other forms of information are collected, shared, organized, analyzed and critiqued.
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Figure 3. The group knowledge building area. This area provides an overview of the discussion within a group and offers an interface for engaging in the knowledge building process.
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Figure 4. The proposal folder.





� EMBED MSDraw.Drawing.8.2  ���Figure 5. Menus in Synergeia.
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