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SLC: Engaged Learning in Online Communities

	The Catalyst project will plan a Sciences of Learning Center (SLC) focused on Engaged Learning in Online Communities and develop an interdisciplinary network of researchers to design a rigorous research agenda for understanding what online engaged learning is and could be at the individual, small group and community levels. 

	Vision. The richness of interactions fostered by the Web and efforts to leverage that potential richness like the NSF’s NSDL program have spawned numerous innovative spaces for learning in small and large collaborative groups within informal and formal contexts. Such approaches may overcome barriers to learning based on geographic location, time constraints, gender, initial interest, self-confidence, minority status, age, disability, or skill levels of learners.

	Background. The complexity of interacting factors and the differences among the individual, small group, and community dimensions of online learning have not yet been well defined or systematically studied. While individuals’ interest has been found to gate attention, goal-setting, and learning strategies of learners in the physical world, little is understood about what takes place when deep and engaged learning occurs in online communities, how group configurations and community structures matter, or how learning by online groups can be supported to develop and be sustained over time. Experiments to date have primarily been descriptive formative evaluation studies, often focused on the individual unit and situated in particular social contexts that are not necessarily generalizable. The proposed project will review what presently is understood about learning dynamics in online communities, including hypotheses about the location of knowledge produced and the ways in which learning interacts and evolves for individuals and for groups in the evolution of online communities. Research will target (a) the cognitive and affective relation between learners and the groups or communities in which they participate and (b) the forms of joint-activity that learners engage in online, including the psychological and social characteristics of these activities.

	Catalyst Approach. This Catalyst project will bring together established researchers from the US and abroad who have already begun to explore engaged learning of mathematics and science online. An interdisciplinary group of lead researchers will work with the PIs to develop the SLC research agenda and proposal through small group work online and off. The work of the PIs and lead researchers will be closely coordinated with activities of international research networks. A conference for invited researchers will refine and expand the scope of research conducted by the several focused workgroups. A journal special issue will motivate and report on the resulting research agenda to be pursued by the proposed SLC.

	Intellectual Merit: The proposed Catalyst brings together a critical mass of researchers from a spectrum of approaches who have already made significant contributions to this timely area of the science of learning. The project will identify detailed and rigorous methods to study the relations between cognitive and affective components of online learning at three levels of analysis: the individual, small group, and community. Such knowledge can help design new global learning opportunities, regardless of minority status, age, disability, self confidence, initial interest, or skill levels.

	Broader Impacts: The world of the 21st century will involve technologically mediated spaces, where online life-long learning will take place. Work-spaces, museums, schools, healthcare facilities, and other social institutions increasingly combine physical and virtual interactions. The work of this Catalyst and the SLC research agenda that it will define are essential to a world that increasingly involves computer-supported cooperative work and collaborative learning. The principles developed for mathematical and scientific learning can be explored and adjusted for other disciplines and new forms of formal and informal learning within online communities.

	Vision

	The world is increasingly mediated by advanced communication technologies and all social spaces are becoming hybrid spaces combining traditional physical space with social cyberspace. This is evident in the ways that cell phones, handheld computers, and the Internet are used. It also is clear in the ways that work-places and businesses are being reorganized around the flow of information. The most economically developed societies have made such significant social investments in communication and information technology that the sociologist Manual Castells (1996,1999) has argued for what he calls “the information society”. 

	Online communities appear to have a tremendous potential to reach a mass audience and to support engaged learning. Lenhart, Rainie, and Lewis (2001) reported that 73% of youth ages 12 through 17 use the Internet (surely even higher in 2005). Almost all online teens (94%) use the Internet to do research for school. The proportion of online girls that has used instant messaging (IM) exceeds that of boys -- 78% for girls and 71% for boys. Also, girls begin IM at an earlier age, with 72% of girls 12 to 14 using the service, compared to 60% of boys the same age who use IM. 

	New technologies have helped to form fluid linkages (e.g., between work and school) where there used to be abrupt divides. These technologies form rich socio-technical networks that have come to constitute life in this digital age, and participation in these networks is becoming commonplace. They exist in various stages, forms and venues, in non-profit Internet forums, newsgroups, and successful online professional learning communities such as the Math Forum (mathforum.org), Digital Library for Earth System Education (DLESE; dlese.org), and Hawai´i Networked Learning Communities (HNLC; hnlc.org). They also are evident in diverse and highly profitable enterprises such as multi-player video games, online courses, and consumer services (Match.com, Amazon.com, eBay). In fact, the socio-technical world cuts across socioeconomic and international lines and public access is increasing. 

	Although the Internet is widely used for socializing, conducting business and information retrieval, it is rarely used for the kind of knowledge-building and deep learning that is needed in a knowledge society. In fact, the online mode tends to pressure people into quickly locating facts or registering opinions without becoming engaged enough to foster more complex understanding of a topic, such as a scientific or mathematical theme. There are aspects of the online experience, such as persistence of text and computational support that suggest an untapped potential for individual, group and organizational cognition that is rare to find in the Internet today (Stahl, in press). How can the technical potential of online engaged learning be realized in concrete social settings?

	Online learning is clearly a new context for learning that needs to be understood, because it is increasingly being used as a context for education. Online learning spaces can be highly reflexive. There are spaces in which the learner, as well as the mentor or teacher and the researcher can look at and reflect on the process of learning. These interactions and reflections can be used as tools to support other people’s learning. Further, the creation of online spaces through cell phones, handheld computers, and the Internet can mean that learning interactions are occurring in cyberspace. This context raises questions about the nature of the relation between computer-supported collaborative learning environments, human learning and human development: When deep and engaged learning occurs in online communities, what is taking place and how can it be supported and sustained? 

	Online learning contexts have characteristics that allow for studies of processes in archived data such as reflection, revision, and questioning that cannot be undertaken as easily in the physical world. They also afford multiple options for engagement—including synchronous and asynchronous communication, writing, browsing, images, video, etc.—each of which has the potential to change the way in which a person represents and understands information they work with. This context also raises questions about the relation between a person’s sense of him or herself as a learner online and the activities he or she takes on: What new forms of joint activity online are responsible for different aspects of human development, and what are the psychological and social consequences of these forms of activity?

	Online learning communities and other informational technologies also allow networks to be formed quickly and easily. Often these networks can involve experts as well as novices. The communities that get formed allow for an easy kind of apprenticeship, and so readily become communities of practice (Lave & Wenger; 1991, Wenger, 1999). They have the potential to be very democratic, allowing many voices to speak, in addition to making visible the development and construction of learning to all who join the community. Understanding how collectivities get formed and under what conditions they best operate are critical issues(Klamma, Rohde & Stahl, 2004). Thus, this context also raises questions about leadership in online communities, contributors to the community, and sustainability of the community: What are the necessary conditions for the development and sustainability of online learning communities?

	Understanding the interaction between the individual and contents of interest is critical. This interaction gates attention, goal-setting, and learning strategies (Hidi & Renninger, 2005). This interaction also enables learning interventions (Renninger, Sansone, & Smith, 2004). What is motivating to individuals and to the group? How are individual interests influenced by and also influencing the development of the group? In the learning sciences there has been a tendency to create a binary relation between individual and what might be termed situated cognition or group cognition. In online learning interactions, there is often a dialectical interplay between the individual and the community (Stahl, 2004). There appears to be valuable interaction going on in some moments online where the formal and informal meet and individual interest can be reshaped as individual-group-community interaction develops (Renninger & Shumar, 2004). This context raises questions about the learning opportunities in working with online communities, specifically the relation between the cognitive, affective, and social moments in learning and the flexibility inherent in the construction of online learning contexts: What is the relation between learner development and the online collectivities in which learners participate?

	The online environment is new and it needs to be fully understood. It is being used widely and its potential for supporting individual learners to learn through collaboration in small groups and/or in the larger context of community that is associated with sites needs to be examined carefully. Because of its flexibility and the archiving that is possible, this environment affords study of issues central to the learning sciences that have not previously been able to be studied, as well as new dimensions of these issues that the online context introduces. 

	Background

	This section presents an overview of research at the main centers involved in this Catalyst project:  The Math Forum (e.g. Catalyzing & Nurturing Online Workgroups to Power Virtual Learning Communities –VMT, NSF REC 0325447), The Digital Library for Earth System Education (DLESE) Program (e.g REC 0215640), The Wisconsin Center for Education Research, and The Hawaii Networked Learning Communities (e.g., NSF Rural Systemic Initiative REC 0100393).  Themes from prior research at the four main centers involved in this catalyst are brought into dialogue with other related research in the Learning Sciences to frame some of the issues for the development of the proposed center. 

	Online Contexts Redefine and Increase Learning Opportunities

	As part of the NSF-supported Virtual Math Teams (VMT) project at the Math Forum, PI Stahl and collaborating researchers Weimar and Shumar currently investigate online collaborative problem solving in mathematics while addressing issues of software support for collaborative learning services within a digital library. Research to date has focused on the study of student collaboration via synchronous online collaboration in the context of university courses and Math Forum’s Problem of the Week learning service. In addition research activities have identified key features for software support such as enhanced mathematical communication, support for organizing the results of conversations as they emerge, and mechanisms for facilitating contributions, in terms of both group attention to all contributions made and creating a participatory space for all students. Further research questions include: (a) How is mathematics done by online small groups of students such that we can say, for instance, that the group is displaying deep mathematical understanding versus simply manipulating things algorithmically without such understanding? (b) What methods are used systematically by small groups in online, text-based environments for taking turns, keeping interaction flowing, repairing mistakes or misunderstandings, opening and closing sessions, constituting the group as a collectivity, etc.? (c) Can online events, activities and environments be designed to stimulate group cognition and to lower the barriers to participation and group success? (d) How can math discourse communities be catalyzed, grown and sustained by networks of small groups interacting with each other?

	Research at The Math Forum has also contributed to the potential of online contexts to increase access to fields such as mathematics and science that have not previously been accessible to all learners. Although preliminary, studies of online learning have begun to suggest that these contexts can lead to new senses of possibility (Markus & Nurius, 1986; Shumar & Renninger, 2002), because they enable learners to explore and to shift their identities as learners (Linehan & McCarthy, 2000). Learners through online scaffolded support are better able to see themselves as competent in a particular area of study and relinquish their incompetent identity (Renninger & Shumar, 2002.  It appears that the Web and online learning could be a context for supporting the development of and/or deepening of interest, and consequently the attention, goal-setting, and learning strategies that learners bring to engagement (Hidi & Renninger, 2005). Such findings further suggest that the context of learning in online communities may make a difference for learners for whom access to subjects such as mathematics and science has been challenged previously. 

	Online Contexts and Theoretical Approaches to the Study of Complex Learning

	Theory and research on online learning need to focus analyses, not simply on specific components such as the web environment itself, the student behaviors and interactions, or the designs of learning activities, but rather on the complex interactions among many factors that cannot sensibly be broken apart and studied individually. This will involve developing theoretical and methodological approaches that view learning environments as complex systems, a likely goal of our center. A complex systems approach has been foreshadowed throughout the years by Bransford et al.’s (Bransford, Brown, & Cocking, 2000) developing analyses of learning environments as learner-centered, assessment-centered, and knowledge-centered within larger social contexts. Activity theory (Engeström, 1999, 2001), in which the smallest unit of analysis is an entire complex activity system, has become an increasingly important theoretical lens for studies of learning with new media. Arrow, McGrath and Berdahl (2000) have also proposed a research agenda for the study of small groups as  complex systems, with wide implications for the field of experimental social psychology 

	Online learning as a complex system is explicitly addressed in the work of Derry and colleagues (Derry, in press; Derry & Hmelo-Silver, in press) who have used the activity field construct to analyze complex interactions among student, task, facilitator and tools within online learning environments they created for teacher professional development.  Their work is conducted in STELLAR (Socio-Technical Environment for Learning and Learning Activity Research), a general theory-based system they have created for designing and supporting online courses. They used STELLAR to create web-based courses in cognitive science for pre-service teachers, which were offered and studied in two university settings over several years. Online activities in these courses were explicitly designed to foster transfer of course ideas to professional practice through activities that systematically integrated text and video case study with problem-based learning. This work produced: 1. A theoretical model for online instruction on a large scale that addresses a continuing major problem: the failure of most college classrooms to teach conceptual content in ways that insure transfer to professional practice; 2. Extensive online video, text materials, instructional activities, and online tools for supporting this instructional model to teach cognitive science to future teachers; and  3. Empirical support from controlled and quasi-experimental studies for the STELLAR approach and theory, as well as hypotheses for future research on online learning. 

	Since 2002, students’ evaluative ratings of STELLAR activities and tools have been stable and positive, and suggest students’ preferences to work collaboratively rather than individually on activities (Derry, in press; Derry, Seymour, Lee, & Siegel, 2004). Derry and Hmelo-Silver (in press) developed psychometrically validated concepts-in-use rubrics to score the quality of pre-service teachers’ discourse and products created in this environment. These data are important for understanding the level of specific acquisitions that are possible in the kinds of online environments that can be created with STELLAR. Stepwise regression analyses with these data suggested relations between preservice teachers’ experiences on line and their actual learning outcomes, as well as their perceptions about how much they learned and their beliefs about the needs of the pupils with whom they work. These multiple layers of information are important for instruction, understanding student motivation and needed support, and conceptualizing the multi-dimensional character of learning. These types of archived data are simply unavailable except from the online environment.

	In their study of online learning, STELLAR researchers employ For example, STELLAR researchers integrates findings from Cognitive Flexibility Theory (CFT) (Spiro, Collins, Thota, & Feltovich, 2003; Spiro, Feltovich, & Coulson, 1992), online professional development approaches through video case studies (e.g., Segoe, 2002), and from related cognitive theories of case-based reasoning (Kolodner & Guzdial, 2000), embodied perceptual learning (Glenberg, 1997), Schwartz and Brandsford’s work on reflection as a scaffold for transfer, and self-regulated learning (Azevedo, Guthrie, & Seibert, 2004; Pintrich, 2000; Winne, 2001). Like the STELLAR project, our center will approach online learning from multiple theoretical perspectives.

	Engaging learners through participation

	STELLAR, Math Form and DLESE illustrate online learning environments that are committed to engaging learners through participation in authentic and personally relevant problem solving. Relevance and authenticity are strong motivators and have been found to help learners make connections between content knowledge and real world applications (Zech, Vye et al., 1998). This is a cyclic process as Verschaffel and  De Corte (1997a) point out.  However, learning in authentic contexts is not easy and goes against the grain of traditional instruction. Instruction organized around authentic problems may not honor the structure of the discipline being taught; problems bring concepts together in varied combinations. Thus online environments that engage students in authentic problem solving must provide well-designed facilitation and scaffolding to help students make sense of problems in terms of their previous, current, and future experiences (Salomon & Perkins, 1989). As a recent special issue of the Journal of the Learning Sciences on scaffolding shows, there are many theoretically important research issues associated with online scaffolding of authentic problem solving (Pea, 2004).  These issues will be addressed in the work of our center.

	Researchers and educators concerned with transfer have long used problem solving to help connect classrooms to problem contexts that are far removed from the instructional setting. However, an alternative that is often preferable to simulated problem solving is learning through engagement with the actual context of practice. Although many design issues remain to be resolved, online collaborative communities are well suited to support this kind of learning. 

	As an educational digital library, The Digital Library for Earth System Education (DLESE), like STELLAR and The Math Forum, places particular emphasis on supporting interactions between educators, students, and resource creators and developers, in both face-to-face and online communities (Marlino, Sumner, et al. 2001). The heterogeneous nature of the DLESE communities prompts an expansion and reconsideration of what learning may involve, moving beyond the context of the classroom, and towards a consideration of practitioners, content generators, and students considered as technologically supported communities. In particular, the expansion of technologically-supported learning contexts implies an equivalent expansion in the social and technical complexity of such contexts. In such an approach learning and knowledge can be seen not just as something passed between educators and students, but as general properties of wider social-technological networks; for instance, in a network educators may learn new practices from other educators, which they can then apply their own teaching contexts. Learning is relatively easy to track in a classroom, but how therefore is it to be conceptualized in networks of teachers, students, and resource creators – in what ways for instance does each group learn from the other groups in the network?  DLESE researchers have begun an effort to answer questions such as these (Khoo 2001b, Khoo 2004, Sumner, Khoo et al., 2003).

	Like Fischer (January, 2003), we argue that more online programs could encourage students at all levels to be life-long, reflective learners who employ new media to conduct research and collaborate with others to solve important problems. Emerging technologies and the new social discourses they afford enable and push us to conceptualize new systems for learning in which there are stronger linkages between learning environments and peoples’ everyday lives. Increasingly, “students” of the future will learn in the process of living, working and playing in a world where people of all ages and backgrounds participate in local and global learning communities made possible by new media. How to design and scaffold online communities that support learning in real-world contexts will likely be a major part of the research agenda for our center.

	Fostering Development of Collaborative Online Communities

	Almost all authentic problems transcend the individual human mind and require collaboration, since knowledge is distributed across domains and individuals (Arias, Eden, Fischer, Gorman, & Scharff, 2000; Bennis & Biederman, 1997; John-Steiner, 2000). Collaboration on line takes on many forms. It can be individual work within an interactive context such as the Math Forum’s Problems of the Week, in which an online mentor works with a student around his or her solution. Or, an individual can work with interactive site services, including the community of participants who populate the site, as in the case of the teacher working with the Math Forum. It can also be large or small group interactions that are formally structured and facilitated, as in the case of preservice teachers working within a STELLAR course. The Hawaii Networked Learning Communities, in turn, prioritizes deep engagement with a statewide school system to effect systemic improvement of science and mathematics education, using online collaboration technology to support the statewide community of educators engaged in this initiative. The emphasis to date has been on the pragmatics of this challenging application: gaining trust of the organizations and individuals within the over 30 schools statewide with which we work and developing the professional and leadership development model in conjunction with the software that supports it. Recently the network has reached the point where realistic evaluation can begin. Research foci for this project, including study of the expectations of new community members and what motivates their use or disuse of the online environment; the development of mentoring and collaborative relationships online and how these relationships effect change in practices within the organization; the use of an “artifact centered discussion” tool derived from previously funded NSF research, and use of a shared community database of educational resources. 

	Similarly, design support for collaboration takes many forms. It can be supported or hindered by a facilitator’s guidance, and by design of online tasks, tools and representational support systems (Suthers et al, 2004). For example, the Virtual Math Teams project in which teams of students are organized online to work on sets of problems (e.g., problems that prepare them to take SATs, or rich non-routine projects), required thoughtful design of site services to promote productive interactions with others. A major design consideration in this instance was what feedback was required to support learners to continue working in the face of frustrating situations.

	Whether or not participants are reflectively aware of the community-based aspects of their work online, the emergence of overlapping knowledge-building communities is a critical development in the Web-based universe. Helping this universe develop through scientifically-grounded design is an important part of our research agenda. If we assume that world of working and living relies on -- interdisciplinary and cross-cultural collaboration, creativity, definition and framing of problems, dealing with uncertainty and change, and distributing cognition across people and tools -- then the online learning environments we create need to prepare and support learners to be productive in such a world (Fischer & Derry, 2005).

	Cognitive, Affective and Social Components of Engagement 

	Central to reform efforts in both mathematics and science are the goals of enabling learners (students, teachers, etc.) to make connections to and generate strategies for working with the tasks that they are presented (Ginsberg, 1998; Kuhn, 1989; Schauble & Glaser, 1990; Schoenfeld, 1992; Strauss, 1998; Tweney, 2001) and concern for the context, or conditions, that are needed to provide such support (Crowley & Schunn, 2001; RAND Mathematics Study Panel, 2003).  Dewey (1914) in his now classic work, Interest and Effort, points to the power of interest to support students to engage, or make connections, to materials to be learned. He says that a person can not be made to have interest, but can be supported to develop interest.  He also observes that where there is interest, effort follows. 

	In a forthcoming review of the literature, Hidi and Renninger (2005) note that interest—the predisposition to reengage particular content over time— differs from other motivational variables in at least four ways.  First, interest has both affective and cognitive components, a position supported by neuroscientific research (LeDoux, 2000a, 2000b; Panksepp, 1998, 2003).  Second, both the cognitive and affective components of interest have biological roots (Hidi, 2003; Davidson, 2000; Panksepp, 1998). Third, interest is an outcome of interactions between a learner and particular content. Finally, interest is always content specific rather than applying across all activity.  

	Interest has been found to have a significant impact on learners’ attention (Hidi, 1990, 1995; Hidi, Renninger, & Krapp, 2004; McDaniel, Waddill, Finstad, & Bourg, 2000; Renninger & Wozniak, 1985; Schiefele, 1998), goal setting (Harackiewicz & Durik, 2003; Harackiewicz, Barron, Tauer, Carter, & Elliot, 2000; Pintrich & Zusho, 2002; Sansone & Smith, 2000);  and levels of learning (Alexander, 1997; Alexander & Murphy, 1998; Hoffmann, 2002; Koeller, Baumert, & Schnable, 2001; Krapp & Fink, 1992; Renninger, 1989, 1990; Renninger, Ewen, & Lasher, 2002; Renninger & Hidi, 2002; Sadoski, 2001; Schiefele, 1999; Schiefele & Krapp, 1996; Schraw & Dennison, 1994; Wade, Buxton, & Kelly, 1999).

	Because interest exists in the interaction between learners, particular content, and the social context in which the learning occurs, interest is a variable that can be impacted by changes in support or feedback and features of learning contexts including opportunities to work with others (Renninger, Sansone, & Smith, 2004). Interest appears to develop through phases that begin with the triggering of interest and can lead to well-developed individual interest over time (Hidi & Renninger, 2005).  Although not well understood, shifts in interest over time appear to be characterized by the changing relation between positive affect and opportunities to develop and/or deepen knowledge.

	While students need to have positive feelings about an activity if they are to think that it is “cool” and worth trying (Resnick, Rusk, & Cooke, 1998); activities need to be both appealing and substantial if learners are to continue to work with and learn from them over time. Importantly, interest can be supported to develop and with support, it can deepen over time (Renninger, 2000). Given that the online environment is new and affords numerous and evolving opportunities for learning, it has attracted the attention and use of a wide-range of learners. The goal for these learners is that they will continue to engage over time, exerting effort to make connections to and generate strategies for working with content that may be more difficult to learn, or less accessible, in other contexts. Not only does their learning need to be promoted and sustained, but the staff members of communities of which they are a part need information about the ways in which they and their design can help. Because it gates attention, and with support can develop and/or deepen over time, the variable of interest appears particularly promising for exploring the affective, cognitive, and social components of engaged learning in online communities 

	Research Agenda

	The online environment is new and it needs to be fully understood. It is being used widely and its potential for supporting individual learners to learn through collaboration in small groups and/or in the larger context of community that is associated with sites needs to be examined carefully. The context of the Web affords possibilities for archiving and studying aspects of learning that have not before been available and subject content (e.g., mathematics) that has not been known to exist. 

	The complexity of interacting factors and the differences among the individual, small group, and community dimensions of online learning have not been systematically studied in terms of participants’ learning and how learning can be supported. Experiments to date have primarily been descriptive formative evaluation studies focused on particular contexts that are not generalizable. In Catalyst discussions and the proposed studies of a SLC, commonalities of findings across online contexts need to be identified, methods should draw on multiple disciplines, and systematic studies that allow comparison across forms of online learning, and include control groups need to be designed and conducted. 

	Thus, key considerations for the proposed Catalyst year include characterization of what presently is understood about the unique aspects of learning dynamics in online communities, including (a) hypotheses about the way in which learning interacts and evolves for individuals and for groups in the development of online communities and (b) information about what practitioners and developers need and want to understand. What is presently understood as well as the hypotheses to be developed about learning online will be framed around the center’s key research questions from the vision: 

	
		When deep and engaged learning occurs in online communities, what is taking place and how can it be supported and sustained? 

		What new forms of joint activity online are responsible for different aspects of human development, and what are the psychological and social consequences of these forms of activity? 

		What are the necessary conditions for the development and sustainability of online learning communities? 

		What is the relation between learner development and the online collectivities in which learners participate?



	It is expected that research slated for study by a SLC will target (a) the cognitive, affective and social relations between learners and the communities in which they participate (individual, small group, and/or community) and (b) the forms of joint-activity that learners engage online, including the psychological and social consequences of these forms of activity. Sampling needs to be purposeful and independent variables need to include, at minimum, gender, minority status, and age of participant. 

	Specific research goals to be developed during the catalyst year that will inform the center are listed below:

	
		Develop a framework for engaged online learning based on insights from the learning sciences and innovative use of new media

		Identify success models for engaged online learning in various STEM fields.

		Develop and study prototype online learning environments that:



	
		Engage students in educational experiences that will help qualify them for and support them in successful STEM careers.

		Scaffold students to learn through participation in technically, scientifically, socially, and artistically important inquiry and design.

		Improve teaching and learning-environment design at all levels by fostering engaged individual and collaborative learning.

		Provide models for broadening the sectors of the nation’s population that aspire to and participate in STEM education. 



	
		Understand what it means to be connected and what it means to collaborate for students in school, where they will be using powerful mobile devices for learning, entertainment, socializing, etc. 

		Creating a center where the scientific principles underlying this new form for interaction is studied in all its forms. 



	The Catalyst year then will involve the bringing together of the existing data and studies on online learning communities in order to consolidate the descriptive phase of research in this area. The research teams will then frame the different learning theory perspectives and appropriate methodologies for those perspective in order to define the work in this field and create and organization structure around the further development of that work. Finally these intellectual activities will be brought into dialogue with the discussion about the organization of the Center for Engaged Learning in Online Communities in order to frame the structure of the center and make sure it maps onto the intellectual imperatives in this field. This work will ultimately contribute to the development of the center proposal.

	Project Plan & Timeline

	The Catalyst Project has the central goal of collaboratively developing a research agenda for extending the frontiers of knowledge on engaged learning in online communities. There are three primary deliverables:

	The creation of an American network of researchers committed to defining and carrying out this research agenda. This network will coalesce into an online learning community. It will be effectively connected to research centers and networks in other parts of the world. It will have its own identity and infrastructure.

	A proposal for a Science of Learning Center for the study of engaged learning in online communities. This proposal will describe an appropriate intellectual, organizational, technical and physical infrastructure to support rigorous, scientific study of this topic. The Center will bring together researchers with diverse, multidisciplinary approaches, in partnership with active online communities and schools across the country and around the world.

	A special issue of the International Journal of Computer-Supported Collaborative Learning (ijCSCL) on the topic of engaged learning in online communities. This will be an important public presentation of the research agenda, reviewing the state of the art and motivating the agenda. The articles in this issue will be scholarly and peer-reviewed. Drafts of the articles will be presented at relevant international conferences: CSCL, CSCW, CRIWG, AERA, EARLI.

	These deliverables will be developed through an iterative process of meetings and online collaborations involving the PIs, lead researchers, collaborating researchers and international collaborators. The process will be designed to foster partnership-building and interdisciplinary investigation of central research issues.

	Following is a chart summarizing this process during the 18 month project period:

	
		
				#

				month

				activity

		

		
				0

				June 2005

				Preliminary informal meetings with IKIT and others at CSCL 05 in Taiwan. PI visit to NIE in Singapore.

		

		
				1

				July 

				Meeting of Catalyst PIs: define 5 workgroup focal areas.

		

		
				2

				Aug

				Invite lead researchers to join workgroups, approx. 5 people in each of 5 online groups. PI meets with Kaleidoscope, KMRC, and other international network contacts at European Association of Research in Instruction and Learning (EARLI 05) conference in Cyprus

		

		
				3

				Sept

				Workgroups hold meetings to outline whitepapers. Website is established. PI keynote presentation at CRIWG conference in Brazil.

		

		
				4

				Oct

				Each workgroup drafts a whitepaper on its focal area.

		

		
				5

				Nov

				Major meeting held to outline Center research agenda based on whitepapers.

		

		
				6

				Dec

				Draft Center research agenda. Select additional lead researchers for Center to complete disciplinary coverage.

		

		
				7

				Jan. 2006

				Draft preliminary Center proposal. Select PIs for Center.

		

		
				8

				Feb

				Submit preliminary Center proposal.

		

		
				9

				Mar

				Hold workgroup meetings to revise Center proposal.

		

		
				10

				April

				PIs of Center meet to critique and strategize proposal. Present research agenda at AERA 06 conference.

		

		
				11

				May

				Draft final Center proposal.

		

		
				12

				June

				Submit final Center proposal; present research agenda at International Conference of the Learning Sciences (ICLS 06) at Indiana.

		

		
				13

				July

				Outline journal special issue papers.

		

		
				14

				Aug

				Draft journal special issue papers.

		

		
				15

				Sept

				Circulate, review and critique journal special issue papers.

		

		
				16

				Oct

				Present research agenda at CSCW 06 conference.

		

		
				17

				Nov

				Final drafts of journal special issue papers.

		

		
				18

				Dec

				Prepare Center start-up. Submit journal special issue papers to ijCSCL.

		

	

	 

	The planning process will take place at the individual, small group and community levels simultaneously. Although ideas and documents will be circulated widely though a wider research community, five small groups will take the lead in focusing the work and developing core working documents. The five Catalyst PIs will be individually responsible for organizing and facilitating these groups. Each workgroup will concentrate on a broad area, such as the effect of individual cognition and affect on participation, the knowledge-building function in small groups or the impact of diversity on learning in online communities.

	Initially the PIs will continue the process of collecting key research questions from both participating researchers and from leading practitioners in the online communities of the partners. The first set of working groups will pull together critical findings, important unanswered questions, and perceived needs or opportunities for collaboration from other fields. These will form the basis of whitepaper drafts articulating the research agenda from each focus. The larger conference will bring together representatives from the working groups and other leaders in the field to react to the whitepapers, along with sample data to stimulate ideas for shared infrastructure for data collection and analysis. The conference will identify gaps in the research considered so far, critique priorities, and build connections across the working groups and to other relevant research, including the generation of proposals for possible studies to address the emerging issues. The PIs will draft a Center research agenda based on the conference and working group results to date. The next set of smaller working groups will be reconfigured to focus each on a core research program and the related coordinating functions of the proposed Center. The evolving PI team for the Center integrates working group output and takes a draft Center proposal back out to the field looking for theoretical and empirical studies that tie together Center foci. Strong paper concepts that emerge from the whitepaper and proposal process will be cultivated for development and submission to the journal after the proposal submission.

	Web technology will be used for on-going communication within the Catalyst project. A project website will include support for email lists, threaded discussion forums, chat rooms, videoconferencing, wikis, a document repository and web pages. Each month, work on the project will be documented on the website, so that all participants can access and comment upon work product and draft deliverables. Infrastructure support for the Catalyst project will be supplied by the Math Forum and the project will be coordinated by the Math Forum Director and the PI.

	The publication of a special issue of ijCSCL and presentations at relevant conferences will motivate researchers to think deeply about the research agenda and to review the state of the art in a thorough way. It will ensure that the work of the Catalyst grant has a meaningful outcome and furthers progress on the topic of engaged learning in online communities regardless of eventual Center funding. ijCSCL is an appropriate venue for this topic (see http://ijCSCL.org), and a number of Editorial Board members are involved in the Catalyst project, including the PI, who is one of the Executive Editors along with one of the Catalyst international collaborators. ijCSCL is an international journal and includes all the contacts for the international networks associated with this project (see below) on its Editorial Board.

	The Catalyst project brings together an exciting mix of researchers (see below). The project is designed to mold this collection of people and small research centers into an integrated community — itself an online learning community. The nature of the problem being addressed by this Catalyst project requires a deeply interdisciplinary and tightly collaborative process. The PIs are all experienced in coordinating interdisciplinary efforts. They will use the large and small meetings as well as the online communications to intertwine and merge different perspectives to arrive at cross-perspective issues and views. The emergent research agenda must be more than the sum of participants’ individual professional agendas — and the Catalyst project will be structured to achieve this through its community-building emphasis.

	Project Personnel

	Principal Investigators

	The PIs are learning sciences researchers associated with four active online learning communities. They have each been involved with a variety of online learning community projects. Among them, they have studied a diversity of different kinds of efforts (see Background and individual bios). 

	
		Gerry Stahl, Drexel University, Virtual Math Teams Project at the Math Forum @ Drexel 

		Sharon J. Derry, University of Wisconsin, Wisconsin Center for Education Research

		Mary Marlino, UCAR, Digital Library for Earth System Education Program Center

		K. Ann Renninger, Swarthmore College, Math Forum @ Drexel 

		Daniel D. Suthers, University of Hawaii, Hawaii Networked Learning Communities 



	The PI team will be supported by Stephen Weimar, Director of the Math Forum @ Drexel, who brings a deep experience with K-12 education and organizational development.

	Lead Researchers 

	These are the researchers who will most likely be involved on the focal workgroups, drafting the whitepapers and journal articles. Most have confirmed their involvement (see letters in Appendix), although the list is still somewhat in formation. Many of these people are the pioneers of the field of online learning. Some continue to be leaders, while others are conducting rigorous research on related topics that are central to issues of engaged online community and its development. They bring diverse methodologies from a spectrum of fields. Although most may consider themselves interdisciplinary, they were trained in education, psychology, computer science, information science, anthropology, philosophy, social sciences, cognitive sciences, learning sciences.

	Robert B. Allen, Drexel University

	Sasha Barab, Indiana University

	Amy Bruckman, Georgia Tech University

	Paul Cobb, Vanderbilt University

	Kevin Crowley, University of Pittsburgh

	Danny Edelson, Northwestern University

	Clarence (Skip) Ellis, Univ. of Colorado

	Gerhard Fischer, University of Colorado

	Mary Gauvain, Univ. California at Riverside

	Geri Gay, Cornell University

	Ricki Goldman, New Jersey Inst. of Techn.

	Rogers Hall, Vanderbilt University

	Judy Harackiewicz, Univ. of Wisconsin

	Starr Roxanne Hiltz, New Jersey Inst. Of Technology

	Cindy Hmelo-Silver, Rutgers University

	Jim Kaput, Univ. Massachusetts, Dartmouth

	Mick Khoo, University of Colorado

	Wesley Shumar, Drexel University

	Elliot Soloway, University of Michigan

	Nancy Songer, University of Michigan

	Rand Spiro, Michigan State University

	Tamara Sumner, University of Colorado

	Stephen Weimar, Math Forum @ Drexel

	Margaret Wilsman, University of Wisconsin

	Collaborative Researchers, American 

	A list of about two dozen other researchers will also be involved in this Catalyst project. They may attend the major project meeting, participate in online discussions, contribute to the whitepapers and co-author journal articles. Most of the people listed above work in research centers with associates, students and networks of colleagues. So this Catalyst will engage a critical mass of the relevant research communities.

	International Collaboration

	The Catalyst project on engaged learning in online communities – and its successor SLC Center – will be the US partner in an international collaboration. There are several reasons for such a collaboration:

	
		Online communities can easily extend across national boundaries 

		Collaborative learning is enhanced by the inclusion of international perspectives

		A number of countries are more advanced than the US in the fostering of collaborative learning 

		A number of leading learning scientists interested in online communities are located abroad

		The research communities of the learning sciences and computer-supported collaborative learning (CSCL) are international in character

		International collaboration will enhance the dissemination and impact of the Center’s findings



	The PIs have well-established international ties in the relevant international research community. A research workshop associated with the PI’s VMT project at the Math Forum last summer brought together 36 researchers from 10 countries, including members of some of the networks collaborating on this project. The project will formally collaborate with the following research networks:

	
		The Kaleidoscope Network of Excellence in the European Union, a network of learning researchers in Europe that includes a 300-member CSCL SIG. Contact: Barbara Wasson, University of Bergen, Chair of the CSCL SIG.

		The Knowledge Management Research Center, a major social science research center conducting basic research on learning. Contact: Friedrich Hesse, University of Tübingen, Director of KMRC in Tübingen, Germany.

		CRIWG, a network of Latin American CSCL and CSCW researchers. Contact: Hugo Fuks, Catholic University of Rio de Janeiro, Brazil.

		Learning Sciences and Technologies Group in the National Institute of Education (NIE). Contact: Chee-Kit Looi, Nanyang Technological University, Singapore.

		Institute for Knowledge Innovation & Technology (IKIT), an international network growing out of the work on CSILE. Contact: Marlene Scardamalia, University of Toronto, Canada.



	Diversity

	One of the co-PIs (Suthers) conducts research on online learning in the context of his own teaching at the University of Hawai`i, a minority-serving post-secondary institution located in an EPSCoR state. He is also engaged in studying learning in the context of online communities of K-12 students and teachers within the “Hawai`i Networked Learning Communities” (HNLC) project, a partnership between the Hawai`i Department of Education and the University of Hawai`i at Manoa (NSF Rural Systemic Initiative, Cooperative Agreement #0100393). The overall goal of the HNLC is to improve science, mathematics and technology learning in the K-12 rural schools. The project focuses on professional development and leadership development for teachers and administrators in the state’s rural and remote schools, most of which are located on the outer islands of the state. Of the participating schools, 14 schools are located on the island of Hawai`i, with eight schools on Kaua`i, six on Maui, three on O`ahu, three on Moloka`i and one on Lana`i. To reduce the isolation of the teachers and administrators in these remote and rural schools which are even further isolated because of the island configuration of the state, the project utilizes internet technology in the form of a “Virtual Community Center” (hnlc.org) to support collaboration between a distributed statewide community of teachers and students.

	The student population is culturally diverse, and there is no single “majority” ethnic group among students. The largest populations are Filipino ranging (across three cohorts) between 27-29% and the Part-Hawaiian student group (23-25%%). These two groups combined with the Native Hawaiian students (4-6%) represent just under two-thirds of the student population and these students are underrepresented in the target courses in math and science. Furthermore, HNLC reaches an under-served population as defined by socioeconomic status. Currently, 6.2% of the students are Limited

	English Proficient and 48.1% eligible for free or reduced price lunch. In addition to the issues of size and rural isolation, the September 2003 release of the state data on No Child Left Behind (NCLB) Annual Yearly Progress (AYP) status revealed that 85% of project schools did not meet AYP compared to a state-wide rate of 66%. More significantly, nine of the 20 schools or 45% are in “corrective action” or “planning for restructuring” compared to only 24.5% of state’s schools. In combination with low student performance and small size, many HNLC schools are impacted by low teacher certification rates and poor economics. These findings suggest that the project’s rural schools are among the most impacted in the state. As a result, the HNLC project provides a challenging testbed for the role of online communities in helping schools meet performance objectives. 

	Evaluation and Assessment

	In preparing a Center proposal it is essential to assess the effective working relations of the collaborators and the level of productivity and quality in the results. Sara Kiesler's studies of the KDI program confirm the importance of planning and regular onsite meetings for geographically spread collaborations. Derry, Weimar, Marlino and others involved have significant experience studying effective collaborations and in organizational development and strategy. This team will conduct a survey of project participants in December and then again in October of the following year concerning levels of participation, the quality of the meetings, the quality of the work between meetings, the quality of the results and the emerging design and focus of the Center. An internal review will also be conducted to analyze project activities for the level of interaction, follow through and continuity, adherence to the timeline and plan, and the contributions of various means of collaboration to the overall effort. The team will be able to draw on participating ethnographers such as Wes Shumar and Mick Khoo who have experience studying the development of project groups. These results will form the basis for the design of collaboration functions supporting the Center.
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	Introduction

	Drexel University is a leader in the development, deployment and adoption of telecommunications technology to support education. In particular, the College of Information Science and Technology (IST) and the College of Nursing and Health Professions (CNHP) operate major online curricula for college and graduate study. The Math Forum has pioneered successful use of networked digital libraries of educational materials for K-12 students. 

	The John C. Ford Program based in Houston, Texas, has introduced a successful tele-community educational after-school program in partnership with community schools. The intent of this proposal is to create a similar partnership with the parents and children attending the community schools of lower North Philadelphia, IST, CNHP, Math Forum and the Ford Program to create an educational online community for at-risk youth. The purpose of this project is to improve academic performance, life skills and health status of persons living in lower North Philadelphia. 

	The Need

	The lower North Philadelphia community served by this project – known as the 11th Street corridor – is a community in need. There is a remarkably high concentration of public housing in this community: six conventional public housing developments with 5,583 residents. The population is predominately African-American women heads of household and their children. There is a disparately high percentage of unemployed individuals and of families in poverty compared to other neighborhoods in Philadelphia. Families living in this community have the lowest median family and household income in the city. (See Appendix A.)

	National data suggest that the cycle of poverty, poor health status, and low educational achievement has become self-perpetuating in many communities. As in other impoverished communities, the residents of 11th Street suffer from significant health issues. This community experiences higher rates of morbidity and mortality compared to other areas, especially due to diseases such as hypertension, diabetes, asthma, and high risk behaviors such as cigarette smoking, substance abuse and risky sexual behaviors. (See Appendix B.)  

	Education – the acquisition and application of knowledge – is a critical component in breaking this cycle. The Ford Program offers an opportunity to engage in a hands-on interactive learning environment that empowers, educates and enriches the lives of students and their families. Drexel University proposes an expansion of the Ford Program, which will offer an innovative collaborative intervention with broad-based impact. 

	Long-Range Goals

	We will provide a unique and innovative after-school program for youth and their families in low-income neighborhoods of Philadelphia. Our broad goal is to provide an educational community in which students and their families will be able to develop competencies that will translate into the following: 

	
		Students will develop the skills to succeed academically and become connected to professionals from the health and information sciences. Students will be able to explore these professions and enter career paths at an early stage, leading to reduced school dropout rates and increased college attendance. 

		Parents will develop personal relationship and technical skills essential for the workplace. These are the tools needed for upward mobility in the work world. 

		Both students and parents will join a community of learners and experts to acquire business, presentation and computer literacy skills. The acquisition of these skills will lead to a higher level of self-confidence and ultimately to an increased ability to advocate for self and family.



	Partners

	CNHP: The CHNP has been working with the target community for seven years and has a proven track record for successful programs in the targeted community in close collaboration with community leaders and the local school district. 

	Math Forum: The Math Forum will adapt its award-winning online services to help participating students develop their mathematical problem-solving skills and reinforce some of the math concepts and techniques found in the project curriculum. These online services and resources will provide continuity for the students and academic support between project events. 

	IST: Drexel IST will research technology transfer procedures for adapting software used at the university to local after-school settings in low-income Philadelphia neighborhoods, and will provide on-going research, development and evaluation services, partnering where appropriate with the School of Education and the Math & Computer Science Department. 

	John C. Ford Program: The Ford Program is a successful educational initiative that involves a unique blend of elements: neighborhood-based Inner-City Telecommunication Centers; a non-academic, real-world business format and curriculum with a focus on science, math, business and technology; strong support from corporate partners; a multimedia network that uses interactive videoconferencing with an innovative protocol to attract, engage and train low-income youth and adults; training and education for the whole family in low-income communities; and state-of-the-art technology that allows the program to tap into available learning resources. This program is now gearing-up for a national scaling initiative for dissemination.

	 Pilot Implementation

	Curriculum: We will begin in Winter 2003 with after-school programs at Harrison Community Center in lower North Philadelphia to capitalize on the national scaling effort of the John C. Ford Program’s Global Tele-Communities Education Initiative. This one-year phase will use curriculum already proven successful in low-income neighborhoods in Houston. We will adapt the Ford Program curriculum – which  focuses on science and business skills – for our target population. Initial offerings will include: “Science, Math and Technology” curriculum developed in cooperation with the Ford Program, Space Center Houston and the Math Forum. Other offerings will be pre-SAT “Language Arts” and “Math Crafts” curricula from the Ford Program. 

	In the second year, we will offer “Healthy Habits”, a health literacy and self-efficacy curriculum developed by the College of Nursing. The prototype for this curriculum is currently under development as part of two studies in the College of Nursing; the HTN Study and the Asthma Education Program. The pilot project will provide needed experience and outcome data to enable us to design a more complete program and to seek federal funding. 

	Mentoring: Through telecommunicated simulations and online interactions students will receive learning support from experts in the field and higher education students and faculty, thus forming relationships that encourage students to expand their horizons and set higher expectations for academic performance. 

	Modeling: The business and science curricula enable the program to model problem-solving, teamwork and other strategies for success in academic and work environments. 

	Recruitment: We plan to publicize this opportunity through schools, the local community center and guidance counselors. The program will be open to all interested individuals, on a first-come, first served basis. There will be clear behavior and performance expectations with clear consequences and replacement strategies.  

	Resources: The Harrison Community Center, located in lower North Philadelphia public housing, is a hub for community activity. The center is operated by a very active and deeply committed resident council which strongly supports this initiative. The council has, for the past seven years, sought out opportunities and partnerships that encourage and support families in the pursuit of education and training as a means to a better life. The Harrison Computer Resource Center (HCRC), a modest computer lab, was established to provide area residents access to educational opportunities and to build skills for jobs that provide a living wage. The HCRC provides a vital service to area residents in providing access to technology, which is now considered a ‘life-skill’ essential for success in today’s work and school environments. The commitment by the community and community leaders make the HCRC a logical partner in this project. 

	Evaluation: We will assess effectiveness of the Pilot Implementation phase from data collected using the following methods: 

	
		Youth Risk Inventory administered as the program begins and at the end.

		Pre- and post- inventories measuring attitudes toward substance abuse and other risky behaviors, school, work, and goal setting. 

		Administration of inventories at the start of the program and at the end that assess and monitor self-efficacy, health status, and health behaviors. 

		Monitoring of computer-based activities.

		Analysis of computer interaction logs. 

		Student school performance (report cards, attendance). 

		Program participation and retention records.

		Parent/guardian involvement records. 



	Scaling Up Process

	As university educators and researchers, our priorities include the involvement of our own university students to:

	
		Develop a workable curriculum that involves at-risk youth and their families in developing self-efficacy.

		Develop a workable curriculum that involves at-risk youth and their families in developing healthy attitudes and knowledge about risky behaviors such as substance abuse, cigarette smoking, poor diet, early engagement in sex, etc.

		Develop a workable technological infrastructure to be used in low-income neighborhoods for learning and sharing healthy attitudes.

		Develop pedagogical and curricular approaches that are successful at involving at-risk youth and their families in educational online communities.



	As we succeed in these areas, we will increase the number of sites in low income Philadelphia neighborhoods offering after-school online educational communities and we will diversify the curriculum offerings at these after-school programs.

	Request

	We are requesting $88,000 for calendar year 2003. This will cover faculty and teacher release time for staffing the after-school program and small amounts for supplies and overhead. Because we need to start up the Pilot Implementation program in early 2003 to coordinate with the Ford Program, there is insufficient time to request federal funding. Furthermore, the pilot will provide us with extensive hands-on experience setting up and working with this type of after-school program to support a major research and implementation proposal. Foundation funding for an initial pilot project year will thereby leverage substantial longer-term funding that can have a sizable impact on the at-risk population in Philadelphia.

	Budget for one-year pilot project

	$28,000      Project Management (20% release time for McGrath & Cornelius)

	$24, 000      Project Instruction (2 certified teachers * 10 hrs/wk *30 wks * $40/hr)

	$ 6,000      Software

	$ 6,000      Hardware

	$ 5,000      Travel (to Houston, etc.)

	$ 5,000      Supplies

	$14,000      Indirect (20%)

	$88,000      Total

	Supporting Documents

	Letter of support from after-school program

	Letters of support from local schools

	Letter of support from the John C. Ford Program

	One-page biographies of Principal Investigators

	 

	 

	 

	
Conceptual Frameworks and Computational Support for Organizational Memories and Organizational Learning

	PROJECT SUMMARY

	This project will investigate computer support for learning, working, and collaborating in information-intensive organizations. It will focus on communities of practice (such as local area network managers, research teams) as subgroups within and across organizations. We will work with specific communities to design, test, and reflect upon organizational memories to support organizational learning.

	Organizational learning is a process by which knowledge that is created or made explicit during work on tasks is captured, structured, maintained, and evolved so it can be accessed and delivered when needed to inform future tasks. Organizational memories can facilitate organizational learning by supporting communication within communities of practice, delivering information relevant to their tasks, letting them “grow” their own information spaces, and allowing them to collaborate using the World Wide Web (WWW).

	The project will work with specific communities of practice to study their actual and potential learning processes. Based on the interpretation and assessment of these observations, and theories from the research literature or from our own previous work, we will develop and articulate a new conceptual framework for computational support of organizational learning. To assess and develop this framework, organizational memories will be prototyped in collaboration with the communities and assessed in naturalistic settings.

	The organizational memory software (building on emerging WWW technologies and prior research on domain-oriented design environments) will extend our currently existing prototypes with innovative mechanisms for capturing, structuring, as well as delivering information. It will incorporate computational support to reduce the burden on users as well as end-user controls to empower users to adapt the memory to rapidly evolving needs. It will integrate the various software mechanisms into a coherent architecture and a system of meaningful user interactions for supporting effective organizational learning.

	Research Issues. We will focus our research on: (1) how to capture knowledge and integrate the contexts of work; (2) how to sustain the timeliness and utility of evolving information; and (3) how to deliver relevant information actively and adaptively.

	Approach. We will develop a conceptual framework for integrating working and learning in communities of practice. We will create organizational memories that include mechanisms to capture and represent task specifications, work artifacts, and group communications; facilities for practitioners to reorganize and sustain the usefulness of the memory; and techniques for access and delivery of knowledge relevant to current tasks. We will extend emerging WWW technology with structured web site interactivity, version control of evolving information, software critiquing agents, and end-user programmability.

	Assessment. We will ground our designs and technical innovations in an assessment of the informational needs and organizational barriers to learning within communities of practice. We will focus our research by working specifically with communities of practice such as local-area network (LAN) designers and managers, the group of researchers working in our center, students in classes, neighborhood communities, and industrial work groups.

	Expected Results. The proposed research will create (1) at the conceptual level: a unifying framework for organizational memory and organizational learning; (2) at the computational level: a generic architecture for organizational memories based on our prior domain-oriented design environments and prototypes for specific domains; (3) at the assessment level: a body of empirical results based on evaluations of the systems and the underlying theory in concrete organizational contexts.

	PROJECT DESCRIPTION

	Section 1. Results from Prior NSF Support

	Prior NSF Awards:

	
		Grant #IRI-8722792: G. Fischer, W. Kintsch, C. Lewis, P. Polson: “Design Principles for Comprehensible Systems” (group grant), 1988-1991, amount: $1,171,246.

		Grant #IRI-9015441: G. Fischer and R. McCall: “Supporting Collaborative Design with Integrated Knowledge-Based Design Environments,” 1990-1993, amount: $700,000. For information see: http://www.cs.colorado.edu/~l3d/grants_projects.html#CollDes.

		Grant #RED-9253425: G. Fischer, M. Eisenberg, H. Eden: “Mastering High-Functionality Computer Systems by Supporting Learning on Demand” including an NIE supplement “Learning on Demand—Using Networks for Integrating School and Workplace Learning,” 1992-1995, amount: $1,504,238. For information see: http://www.cs.colorado.edu/~l3d/grants_projects.html#LOD.

		Grant #IRI-9311839: G. Fischer: “Human-Centered Intelligent Agents Supporting Communication and Collaboration in Domain-Oriented Design Environments,” 1994-1997, amount: $210,000. For information see: http://www.cs.colorado.edu/~l3d /grants_projects.html#IntAg

		Grant #REC-9553771: G. Fischer, M. Eisenberg, A. Repenning, H. Eden: “Learning by Design: Environments to Support Reinventing and Reengineering Education as a Lifelong Process”, 1995-1996, amount: $398,482. For information see: http://www.cs.colorado.edu/~l3d/ grants_projects.html#LOD.

		NSF Proposal #CDA-9529549: E. Arias, H. Eden, G. Fischer “Shared Interaction in Support of Design, Learning, and Planning,” 1996-1997, Program: CISE Instrumentation, requested amount: $91,950 ($61,300 NSF, $30,650 University Matching); recommended for funding by NSF program director.

		Grant #REC-9631396: G. Fischer, M. Eisenberg, A. Repenning, H. Eden “Lifelong Learning – Bringing Learning Activities to Life,” 1996-1997, amount: $619,617.



	Grants 2 and 4 are described below because they are most directly relevant to this research proposal.

	Grant 2. Supporting Collaborative Design with Integrated Design Environments

	Summary of Completed Work. This research addressed computational support for collaboration among members of design teams when direct communication among the members is impossible, impractical, or undesirable. The grant focused on the long-term, indirect communication needs of project teams rather than the needs occurring in face-to-face synchronous communication such as project meetings. Novel approaches and mechanisms were developed to capture design rationale and to associate it with the artifact to which it referred. The accumulated information was largely informal, meaning that the system was unable to perform operations on it. Techniques of incremental formalization were developed to address this problem. Incremental formalization tools were designed, implemented, and assessed that allowed system-interpretable attributes to be added to the accumulated information.

	The research results of this grant were presented at major conferences in the research areas explored by the grant (e.g., CSCW, CHI, AAAI) and published in major journals in the research area (e.g., Human-Computer Interaction Journal, Applied Intelligence Journal, ACM Transactions of Information Sciences Journal). Our work has led to an increased attention in the Coordination Theory and Collaboration Technology (CTCT) and CSCW communities for long-term, indirect communication and collaboration, and design environments have been developed at numerous other places. 

	Limitations Exposed by the Grant. (1) Designers rarely capture their design rationale because it involves a lot of work and the benefits seem remote. (2) Information spaces quickly become out-of-date and disorganized. (3) Designers are not always aware that they are in need of additional information, so they make no attempt to search for information whose existence is unknown to them ⎯ hence passive information repositories are inadequate for supporting ongoing, collaborative design. These limitations motivate the proposed project emphasis on automated information capture, end-user information maintenance, and active knowledge delivery.

	Development of Human Resources. Two members of the project are now faculty members (Scott Henninger, University of Nebraska; David Redmiles, University of California at Irvine). The graduate research assistants were offered summer fellowships at prestigious industrial research laboratories (e.g., Xerox-Parc, NYNEX S&T, and Siemens). Two Ph.D.s were awarded (Reeves and Shipman). REUs allowed several undergraduate research assistants to be exposed and integrated into research activities. 

	Five Most Important Publications:

	G. Fischer, R. McCall, J. Ostwald, B. Reeves, F. Shipman. “Seeding, Evolutionary Growth, and Reseeding: Supporting Incremental Development of Design Environments,” Human Factors in Computing Systems, CHI'94 Conference Proceedings (Boston, MA), 1994, pp. 292-298.

	G. Fischer, A. C. Lemke, R. McCall, A. Morch. “Making Argumentation Serve Design,” Human Computer Interaction, special issue on design rationale, Vol. 6, No. 3-4, 1991, pp. 393-419. 

	G. Fischer, K. Nakakoji, J. Ostwald, G. Stahl, T. Sumner. “Embedding Critics in Design Environments,” The Knowledge Engineering Review Journal, Vol. 8, No. 4, December 1993, pp. 285-307.

	B. N. Reeves, F. Shipman. “Supporting Communication between Designers with Artifact-Centered Evolving Information Spaces,” Proceedings of the Conference on Computer-Supported Cooperative Work (CSCW'92), ACM, New York, November 1992, pp. 394-401.

	G. Fischer, J. Grudin, A. C. Lemke, R. McCall, J. Ostwald, B. N. Reeves, F. Shipman. “Supporting Indirect, Collaborative Design with Integrated Knowledge-Based Design Environments,” Human Computer Interaction, special issue on CSCW, Vol. 7, No. 3, 1992, pp. 281-314.

	Grant 4. Human-Centered Intelligent Agents Supporting Communication and Collaboration in Domain-Oriented Design Environments

	Summary of Completed Work. This project extended the research work and the prototype system developed in Grant 2. It explored the embedding of intelligent agents into domain-oriented design environments with the goals of reducing the cognitive load on designers through active behavior and improving the quality of the designed artifact. The project began to investigate the World Wide Web.

	Limitations Exposed by the Grant. The project illustrated that large information repositories should not simply be built and used, but that they have to evolve by their users. This created the view that such systems should not be created by a few people doing lots of work, but should be ìgrownî by many people incrementally contributing small amounts of additional information and knowledge.

	Development of Human Resources. The relatively small research grant contributed to two Ph.D.s (Christoph Thomas and Jonathan Ostwald). The graduate research assistant (Lindstaedt) worked with NYNEX on the development of the GIMMe system.

	Five Most Important Publications:

	G. Fischer, C. Thomas, “Using Agents to Personalize the Web,” Proceedings of the 1997 International Conference on Intelligent User Interfaces (Orlando, Florida), ACM, New York, NY, 1997, pp. 53-60.

	G. Fischer, S. Lindstaedt, J. Ostwald, M. Stolze, T. Sumner, B. Zimmermann, “From Domain Modeling to Collaborative Domain Construction,” In Proceedings of DIS’95, Symposium on Designing Interactive Systems, Ann Arbor, MI, 1995, pp. 75-85.

	G. Fischer, S. Lindstaedt, J. Ostwald, K. Schneider, and J. Smith, “Informing System Design Through Organizational Learning,” Proceedings of the Second International Conference on the Learning Sciences, July 1996, Northwestern University, Evanston/Chicago, published by: Association for the Advancement of Computing in Education, pp. 52-59.

	G. Fischer, “Seeding, Evolutionary Growth and Reseeding: Constructing, Capturing and Evolving Knowledge in Domain-Oriented Design Environments,” Proceedings of IFIP WG 8.1/13.2 Joint Working Conference, In A. Sutcliffe, D. Benyon, F. van Assche (eds.), Domain Knowledge for Interactive System Design, IFIP Series, Chapman & Hall, London, Geneva, Switzerland, May 1996, pp. 1-16. 

	G. Fischer, “Distributed Cognition, Learning Webs and Domain-Oriented Design Environments,” Proceedings of the Conference on Computer Supported Collaborative Learning (CSCL’95), Indiana University, October 1995, pp. 125-129.

	Relation of Prior NSF Work to the New Proposal

	In our previous grants we have explored collaboration theory and technology in the design and use of high functionality software systems to support the work of individuals and small design teams. We have developed conceptual frameworks concerning (1) multifaceted architectures for domain-oriented design environments and computational support for lifelong learning integrated with work processes [Eden et al., 1996]; (2) the maintenance and evolution of growing information bases through seeding-evolution-reseeding [Fischer et al., 1994]; (3) embedding communication in and routing work through design environments [Reeves & Shipman, 1992]; and (4) providing knowledge delivery with critiquing and other agent mechanisms [Nakakoji & Fischer, 1995]. 

	Our research in domain-oriented design environments explored the shortcomings and limitations of generic systems and integrated different aspects of design support environments [Fischer, 1994]. Aspects investigated included active help delivery systems [Fischer et al., 1984]; critics [Fischer et al., 1991]; information filtering [Fischer & Stevens, 1991]; adaptive and adaptable systems [Fischer, 1992; Rausch, 1996]; end-user modifiability [Fischer & Girgenson, 1990; Girgensohn, 1992; Stahl, 1993a]; and incremental formalization of large information spaces [Shipman, 1993].

	The major new aspect of this proposal is to move from a primarily individual perspective (e.g., individual lifelong learning) to an organizational perspective. In our proposed project, we will develop and study a form of organizational memory based on our model of domain-oriented design environments. 

	In order to gain a deeper and broader understanding of the research issues associated with this shift, we organized a research symposium in May 1996 entitled “Computational Support for Continually Evolving Organizational Knowledge Bases,” which brought together a dozen of the leading researchers in organizational memory and organizational learning (for details, see: http://www.cs.colorado.edu/~ostwald/symposium/symposium.html) and we participated in a workshop at the CSCW’96 conference entitled “CSCW and Organizational Learning” [Lindstaedt, 1996b].

	The proposed project builds on ideas and technologies from prior work. It expands them by focusing on organizational issues and by exploiting and redirecting the emerging WWW support mechanisms for organizational learning and organizational memories. The move to the WWW is a response to the limitations of our past closed systems, and the emphasis on practitioners sustaining information evolution is a response to the short lifetimes of our domain-oriented knowledge bases. In other, related prior NSF research (see list at the beginning of this section) we have established ongoing collaborations of our research center with community organizations, industrial partners, and interdisciplinary academic departments in Boulder as well as world-wide; the proposed project will deploy and assess our research within these organizations. 

	Section 2. Conceptual Framework

	Our approach to organizational memories and organizational learning focuses on communities of practice as the unit of analysis, for reasons discussed in this section. We will analyze interdisciplinary sources to provide a basis our theoretical framework, including educational theory (constructivist learning, e.g., [Harel & Papert, 1991]); design methodology (design rationale [Moran & Carroll, 1996]); cognitive psychology (distributed cognition [Norman, 1993]); social theory (activity theory [Nardi, 1993]); anthropology (situated action [Suchman, 1987]); philosophy (epistemology [Dreyfus, 1991]); sociology (communities of practice [Lave, 1988]); management science (organizational learning [Senge, 1990]); and computer science (intelligence augmentation [Bush, 1945]).

	The concepts introduced in this section will be used to guide our proposed project and to assess its accomplishments. This framework suggests issues to explore, needs to support, approaches to try, and questions to evaluate. Within this context, we will design and prototype software systems to support work, learning, and collaborating in specific domains. To ground our research in the domains, we will work closely with practitioners from relevant disciplines, observing their work patterns, joining in participatory design with them, and having them try out our prototypes.

	Communities of Practice

	A community of practice is a group of people who share a set of activities and who interact to achieve shared objectives and to maintain their community [Lave & Wenger, 1991]. Unlike an organization, which has well-defined bureaucratic structures, a community of practice is often an informal network of people who share expertise, war stories, and practical advice [Orr, 1990]. Such communities typically form through personal ties in order to help each other keep up with new organizational or technological developments that impact their ability to get work done. These groups have a life of their own that helps them accept newcomers and survive when old-timers leave. Because of their unofficial status, communities of practice often go unrecognized and unsupported. As the role of these communities grows ⎯ particularly in information-intensive settings ⎯ it becomes increasingly important to understand them and to provide computer tools to support their functioning. 

	We have begun to work with local-area computer network (LAN) designers and managers at the University of Colorado in order to understand their needs for computer-supported organizational memory. This community exists within a larger organizational structure and cuts across official boundaries based on practical needs to interact and to share information. Their information needs include technical knowledge of their work domain (e.g., what are the latest routers on the market and what are their costs, capabilities, problems, etc.), local lore (the manager of LAN x is a UNIX guru), and specific arrangements (the print server in LAN x is configured as y for reason z). The fact that most of this information is kept in the minds of individuals makes it difficult for other community members ⎯ particularly newcomers who do not yet know who has what information and have not established personal relations ⎯ to do their jobs.

	We understand practice as situated activity in which practitioners pursue activity within concrete physical, technical, cultural, and interpersonal circumstances [Giddens, 1984; Lave, 1993; Suchman, 1987]. Rather than modeling practice as the execution of explicit goal-oriented procedures, we are interested in the established, generally unstated practices of a community that determine how things are done by its members ⎯ what Bourdieu calls the habitus or the tacit culture of the community [Bourdieu, 1972].

	The daily practice of a community not only produces the community’s work products, it also reproduces ⎯ more or less effectively ⎯ the preconditions for the future of the community. New members learn community practices as they engage in them actively, not necessarily through didactic instruction [Schön, 1983]. As the community practice produces learning, it reproduces its own future. Because much of what needs to be passed on is never articulated explicitly, education takes place through apprenticeship relationships and training of reflective practitioners [Brown & Duguid, 1992]. This learning can be facilitated by a group memory that includes evolving artifacts of communal practice [Fischer et al., 1996b; Lindstaedt, 1996a; Ostwald, 1996].

	The theory of practice addresses a number of problems that have arisen in the human-computer interaction community [Kuutti, 1996; Nardi, 1996], and that have implications for organizational memory and organizational learning. It broadens the analytic scope to take into account the social context in which people use computers [Hutchins, 1993]. The social context of a community of practice provides motivation to pass knowledge from old-timers to newcomers as everyone tries to increase their participation and reproduce the community [Lave & Wenger, 1991]. It ties working and learning together into a single framework. The introduction of new computational memories into this process will transform the social fabric, the cycles of learning, the interpersonal needs of the group [Ehn, 1989]. The design of organizational memories must take such implications into account. 

	Finally, the theory of practice provides a perspective on work in which sustainability means not maintaining the status quo, but rather maintaining a constant flux of new members and new knowledge. Computational environments for communities of practice must support this sustainability by allowing members to extend, update, and restructure organizational memory continuously. They must also make it easy to redefine who has access to what information in response to continual shifts in roles, assignments, and understandings. Sustainability of organizational memory means keeping it tuned to the changing needs of individuals because organizational learning takes place in parallel with the lifelong learning of community members [Senge, 1990].

	Organizational Learning

	Our vision of organizational learning focuses on recording knowledge gained through experience (in the short term), and actively making that knowledge available to others when it is relevant to their particular task (in the long term) [Fischer et al., 1996b]. A central component of organizational learning is a repository for storing knowledge ⎯ an organizational memory. However, the mere presence of an organizational memory system does not ensure that an organization will learn [Argyris & Schon, 1978]. Today, information is not a scarce commodity; the problem is not just to accumulate information, but to deliver the right knowledge at the right time to the right person in the right way. Organizational learning happens only when the contents of organizational memory are utilized effectively in the service of doing work [Dodgson, 1993]. 

	Traditionally, people went to school or attended training seminars or studied books to learn facts that might be needed for later work. When working and learning are integrated in the process of organizational learning, information needed for a current task is available just-in-time [Fischer, 1991]. 

	For sustained organizational learning, three seemingly disparate goals must be served simultaneously. Organizational memory must: 

	
		be extended and updated as it is used to support work practices; 

		be continually reorganized to integrate new information and new concerns; and 

		serve work by making stored information relevant to the new task at hand. 



	We envision organizational learning as a continuous cycle in which organizational memory plays a pivotal role: 

	
		Individual projects serve organizational memory by adding new knowledge that is produced in the course of doing work, such as artifacts, practices, rationale, and communication. 

		Organizational memory is sustained in a useful condition through a combination of computational processes providing information (e.g., [Hill et al., 1992]) and people actively contributing [Girgensohn, 1992]. 

		Organizational memory serves work by providing relevant knowledge when it is needed, such as solutions to similar problems, design principles, or advice. 



	The intimate relation between organizational memory and work practice implies that the contents of organizational memory must be easily accessible within the context of work. Computational support for organizational learning, therefore, must tightly integrate tools for doing work with tools for accessing the contents of organizational memory. 

	Through everyday work, a community of practice generates knowledge that may be critical in its future [Brown, 1991]. The communityís practices are generally tacit, not written down or expressed in words [Polanyi, 1966]. Often, the only time that the knowledge exists in explicit form is when it is being actively reflected upon and used to do work [Stahl, 1993a]. By capturing this knowledge as it arises and storing it in repositories of organizational memory, a community can preserve information that is otherwise lost. Rather than building organizational memories by interviewing experts to formulate rules for expert systems, we will study the practices by which organizations do their work and communicate knowledge, and to capture the knowledge as it is articulated during work. We want to create “living” organizational memories [Terveen et al., 1995] ⎯ information spaces that are sustained and managed by the people who use them in their work, rather than by people in other parts of the organization who may have requisite technical expertise but are not intimately involved in the actual work practices [Stahl et al., 1995a; 1995b].

	A principal challenge for organizational learning is to capture a significant portion of the knowledge generated by work done within a community. Experience with organizational memories and collaborative work has exposed two barriers to capturing information: 

	
		Individuals must perceive a large enough direct benefit in contributing to organizational memory  to outweigh the effort [Grudin, 1992]. 

		The effort required to contribute to organizational memory must be minimal so it will not interfere with getting the real work done [Carroll & Rosson, 1987]. 



	The consequence of these barriers means that processes of information capture, structuring, and delivery must be computationally supported as much as possible or they will simply not get done. 

	Organizational Memory

	Organizational memories are information systems that are used to record knowledge for the purpose of making this knowledge useful to individuals and projects throughout the community of practice and into the future [Ackerman, 1994]. Ideally, an organizational memory allows individuals within the community to benefit from the experiences and insights of others, by actively informing work practices at the point when the information is actually needed [Fischer et al., 1996a]. That is, an organizational memory should not be simply a passive repository of information, but an interactive medium within which collaborative work can actually be conducted and through which communication about the work can take place and be situated.

	It is often assumed that the Internet solves the problem of organizational memory. While the World Wide Web (WWW, web) on the Internet functions primarily as a broadcast medium and therefore lacks the interactivity needed, intranet structures can indeed be designed to implement organizational memories. An intranet is a small version of the web, in which access is restricted to a particular community. It uses the same technology standards (e.g., TCP/IP, HTTP) as the global web. Generally, intranet information is stored in a database rather than in fixed HTML documents, so it can be displayed dynamically to use the latest information and to respond to unique queries. Intranets are rapidly replacing traditional client/server systems as the preferred technology for computer-based organizational memories. Intranets make more flexible organizational memories because users can access them with a web browser on any computer and because the computation of the client display logic, the organizationís business rules, and the database query logic can execute on different computers. 

	All the major software companies are rushing to support the building of intranets. Microsoftís Office 97 applications, for instance, can publish web documents directly. Database environments are beginning to support live data editing through forms on the web (using ODBC and JDBC database connection standards). Special environments such as Tango allow a developer to design web data entry forms quickly using visual drag-and-drop tools. Finally, an extraordinary wave of sophisticated development environments incorporating scripting languages are appearing (at least in beta or vapor ware): Borlandís IntraBuilder, IBM/Lotusís Notes/Domino, Netscapeís LiveWire, Microsoftís FrontPage, Oracleís InterOffice, Novellís GroupWise, PowerBuilder, Cold Fusion, SuperNova, etc.

	Intranet technology seems to offer a promising approach and substrate for building organizational memories. However, these environments do not by themselves suggest how to integrate work and learning, how to capture new information, how to support information evolution, how to deliver relevant knowledge, or how to computationally support these processes under user control. Yet, that is precisely what is needed. We maintain that systems to support organizational learning should take an analogous approach to our domain-oriented design environment support for informing collaborative design work. We propose to explore organizational memory that does this, using commercially available intranet technology as an enabling technology . 

	Section 3. A Scenario of Organizational Learning Using Organizational Memory

	To address the issues reviewed in the previous section, we propose to prototype an organizational memory system named WebNet that explores these issues within concrete work contexts. One community of practice with whom we plan to collaborate in designing and assessing WebNet is local-area network (LAN) designers and managers at the University of Colorado. Following is a vision of how WebNet might be used by this community. The scenario illustrates how WebNet integrates working, learning, and collaborating. The purpose of the scenario is to present concrete examples of the kinds of information and mechanisms that WebNet will include, as a background to the discussion of computational support in the following section.

	Kay is a geography graduate student who works part-time for network services. Kay logs into WebNet through her web browser, and WebNet responds by displaying Kay's WebNet home page. Kay had designed this page to include information sources she needs to check regularly; it delivers information that is related to her LAN and to her job responsibilities. Kay's WebNet home page contains a message list (with email and comments directed to Kay from co-workers and clients), a to-do list for tracking her current projects, and a community-wide task list of jobs that need to be done.

	Integration of the Work Situation. Kay notices that she has a message from Ray, her supervisor, suggesting a new task for her. Kay selects the Geology job from the task-list and WebNet displays a task specification page (see Figure 1-A). The task specification says that a new Windows NT Server and three Macintosh PowerPC workstations are to be connected to the Geology Network in room 214. Kay's task is to prepare a logical design, parts list, and price breakout for the new installation. The task specification also provides a budget and contacts within the Geology Department. Kay clicks on "reserve task" to inform her co-workers and WebNet that she will take care of the task.

	When Kay clicks on "Geology Net" in the task specification, WebNet displays a logical map of the current Geology LAN in the knowledge-based construction tool for LANs. The construction tool provides a work area, a tool bar, and a palette of network design elements that can be selected with the mouse and placed in the work area (see Figure 1-B).

	Kay begins to plan the installation of new equipment by adding the purchased equipment to the existing logical network using the construction tool. She selects the Macintosh icon from the palette and places three workstations into room 214. Then she selects a Windows NT icon and places it. Finally, Kay connects the new equipment by dragging the cable to reach from the existing network to each of the new machines.

	Information Delivery. When Kay has connected the machines to the network, WebNet beeps and places a blinking router icon at the junction between the existing network and the portion that Kay has added. A critic message appears in WebNet’s lower pane, indicating that the configuration she has specified requires a router. Kay knows what a router basically does and why a router is needed in this configuration. However, she doesn't know what specific router is needed or how much the needed router should cost.

	Kay selects the link to “router” in the critic message, and WebNet brings up a new page containing information about routers (see Figure 1-C). The router information page contains a short description of routers from the WebNet glossary, a collection of definitions for common networking terms. 

	Kay finds that this definition is also too general so she decides to check out some displayed bookmarks. Bookmarks consists of a catalog of URLs that previous WebNet users had found helpful and had added. WebNet has displayed the bookmarks that are relevant to the current design. To Kay's disappointment, the bookmarks point to router manufacturersí pages, which contain detailed specifications about the routers, but not the type of information that Kay needs.

	Kay decides to search WebNet's information space. WebNet supplies a default query based on the current LAN design context: "list all information about routers". Kay can use this default to search WebNet, or she can modify the default query by simply typing in more words to the query box. More sophisticated searches may be performed by selecting the "more choices" button, which brings up a query window containing an interface for constructing queries involving particular information sources within WebNet, author, dates, and specific networks, in addition to the search string.

	Kay begins her search by selecting the "Search Now" button. WebNet displays links to many pieces of information, ordered by their relevance to the query string. Overwhelmed by the amount of information, Kay decides to refine the query. She selects “more choices” and restricts her search to email written in the past six months and modifies the query to "list emails about routers for small networks" (see Figure 1-D). 
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	Figure 1. WebNet Scenario Pages. A. Task Specification. B. Construction Tool loaded with the Geology Network. C. Information about Routers. D. Query Results in GIMMe.

	This query returns just twelve email messages. One describes how Pat used a PC as a router in a small LAN. Pat's email indicates that routing in software can be cheaper and more flexible than through a hardware router, although there is a performance penalty.

	Sustaining the Organizational Memory. Kay decides that Pat’s solution may also work for the Geology Network. She adds information about her solution to WebNet’s glossary, making it available to other members of the network design community. She includes a link to Pat's email message, and also a link to her design, to connect these related pieces of information. Now other designers in Kay’s community will benefit from the knowledge Kay uncovered through her work.

	Kay returns to the task description page and adds a status report describing her proposed design. She tags the status report to be sent to Ray, to the Geology contact person, and to Pat, asking for feedback on her decision.

	Section 4. Computational Support

	The conceptual framework presented in Section 2 implies that organizational memory systems supporting organizational learning must be tightly integrated with tools for doing work in order to capture new knowledge, to allow the community to sustain it, and to actively deliver information when needed. Only if the organizational memory includes representations of the work context can it decide what information is relevant to the current task. This project will explore mechanisms for the software to make such determinations. The scenario showed a simple example of one person interacting with such an organizational memory. 

	This section presents our technical approach. Our approach extends prior work by us and by others; it also takes advantage of emerging intranet technologies. The significance of this project is to integrate the techniques in a theoretically motivated way and to assess how well they can address the practical issues confronting communities of practice in the information age. After reviewing our prior work and the work of others, this section will discuss some mechanisms for addressing our core research issues: 

	
		How to capture knowledge and integrate the contexts of work.

		How to sustain the timeliness and utility of evolving information.

		How to deliver relevant information actively and adaptively.



	Relation of Our Prior Work to Proposal. We have created and assessed design environments for the following domains: kitchen design [Nakakoji, 1993], programming [Mastaglio, 1991], user interface design [Lemke, 1989], voice dialog design [Sumner, 1995], simulation design [Repenning, 1993], lunar habitat design [Stahl, 1993a], service provisioning [Ostwald, 1996], and LAN design [Reeves, 1993; Shipman, 1993; Sullivan, 1994]. In particular, we investigated how such systems could support the location [Henninger, 1993], comprehension [Redmiles, 1992], modification [Girgensohn, 1992], querying [Fischer & Nieper-Lemke, 1989], filtering [Stevens, 1993], and sharing [Rausch, 1996] of information in large information spaces of domain knowledge. 

	This prior work has contributed to a prototypical architecture for domain-oriented design environments, which integrates working and learning with components for: (a) construction of the design artifact, (b) a knowledge base of design rationale and artifact designs, and (c) computational critics that actively deliver relevant knowledge. The proposed project will generalize from this prototypical architecture to one having the following general functions: (a) representations of the work/collaboration context, (b) a rich, sustainable information space, and (c) mechanisms to map from the work context to relevant information for delivery. 

	Just as our work on design environments involved the interplay of multiple software components (e.g., construction, simulation, specification, gallery, catalog, rationale, critiquing, etc.) to deliver relevant design rationale, the proposed project will investigate mechanisms that deliver timely knowledge to practitioners by retrieving items from the information space that are related to the current work context. We will discuss our approach to implementing these mechanisms in the remainder of this section, after we relate our approach to that of others.

	CSCW and Distributed Artificial Intelligence. Our approach distributes work and control between human practitioners and computational agents embedded in organizational memory. Our paradigm shares a large number of research issues with two related areas: (1) Computer Supported Cooperative Work (CSCW) [Greif, 1988], which emphasizes communication and collaboration among humans mediated by computer; and (2) Distributed Artificial Intelligence (DAI) [Bond & Gasser, 1988], which emphasizes communication and collaboration among computational agents. In order to enrich CSCW environments with computational agents, the information content must be at least semi-formal. By studying systems with no humans directly involved, DAI [Durfee, 1992; Gasser, 1991; Palaniappan et al., 1992] focuses on related but primarily different research issues, and it is not faced with some of the challenges unique to human-centered agent-based systems.

	Semi-formal Systems. Our approach to formalizing information in the organizational memory attempts to avoid the need for complete formalization without placing an unmanageable burden on the people who use the system. By representing the contexts of work, we establish a shared understanding of that context by the system and its users. By combining automatic capture of information, incremental formalization of stored knowledge, and end-user control over structure, we try to facilitate a workable balance. Related work on semiformal systems indicates that formalization need not be complete to be useful in aiding communication and collaboration [Bobrow, 1991; Malone et al., 1988; Malone et al., 1992; Winograd, 1988]. 

	Workflow Systems. Our approach to organizational memory can be contrasted with workflow systems [Ellis, 1991] and other systems that are established by an organization to structure and regulate work processes. Workflow systems may be appropriate to coordinate regular and predictable interactions among different work groups, but they are not appropriate to support the situated and often ad hoc work within communities of practices, where innovation and change are ubiquitous. Similarly, systems to support ISO 9000 often try to incorporate organizational memory about work procedures in client/server or intranet systems. However, they center on a hierarchy of documents and fail to capture the implicit practices, tacit background knowledge, and changing circumstances that are critical to organizational practice. Organizational memory systems for communities of practice should empower users to cope with vague problems and unexpected breakdowns, and to share innovative solutions and work practices with their peers. 

	Design Rationale. Our approach also contrasts with design rationale schemes such as gIBIS [Conklin & Begeman, 1988] that require designers to interrupt work to articulate justifications for their design moves [Fischer et al., 1996a; Reeves & Shipman, 1992]. Designers are often unwilling to invest the extra effort to provide rationale [Grudin, 1994]. Similarly, most web-based group memory systems ⎯ such as threaded conversations and Frequently Asked Questions (FAQs) ⎯ are divorced from work contexts, so they can neither capture knowledge as it is articulated nor target retrieval to work states. Moreover, like many other information systems, these are impoverished in that they cannot contain work artifacts themselves, but only discussions about artifacts. 

	We postulate that organizational memories need to incorporate tools for working and communicating within the system. This is something that workflow, ISO 9000, design rationale, and similar support systems fail to do. By including software components for design, analysis, communication, etc. in which community members can carry out some of their work and through which they can collaborate with each other, organizational memories can address their central tasks: to capture, sustain, and deliver information. 

	1. How to capture knowledge and integrate the contexts of work

	We will combine several mechanisms for embedding work and communication in a computational information system that we implemented and assessed in our previous NSF grants. In Janus [Fischer et al., 1989] and similar design environments, the construction of a design artifact takes place in a construction component that uses a palette of domain items so that the software can track the semantics of the design. In the Remote Exploratorium [Ambach et al., 1995], the domain items in this palette can be exchanged within a virtual community through a web page within the system. In the Indy system for LAN design [Reeves & Shipman, 1992], post-it notes and other annotations can also be embedded in the construction area. The Kid system [Fischer & Nakakoji, 1991] incorporated a specification component to capture and represent design goals. EVA [Ostwald, 1995] routed design ideas through a shared computational repository. In GIMMe [Lindstaedt, 1996a] email is sent through and archived in a group memory. These mechanisms can all be used in organizational memories. The scenario illustrated several. Kay worked on designing the extended LAN within a construction/simulation component and she found critical information in an email component based on GIMMe.

	Our organizational memory systems will generalize the notion of representing the contexts of design. In addition to representing the layout of an artifact or its specification criteria, a system can, for instance, represent the people involved ⎯ either as individuals or as workers in certain organizational roles. The Hermes design environment [Stahl, 1993a] explored a perspectives mechanism that tagged versions of information as belonging to different perspectives: different system users chose to retrieve information according to their profession (e.g., plumbing or electrical); domain (residential, commercial, industrial habitats); or organizational role (designer, supervisor, manager). Situating knowledge delivery within Janus, Kid, or Hermes-type contexts ⎯ constructions, specifications, perspectives ⎯ can facilitate the selection of relevant information.

	In the context of LAN design and management, WebNet representations of the problem context will include: physical layout of equipment; logical layout of functional components; simulation of major network traffic sources and routers; performance specifications; professional perspectives; organizational business rules; problem reports; and email discussions. Each context representation will require its own user interface to allow people to modify the characteristics and effects of the representation as well as to instantiate representations of specific tasks. Each representation will affect the selectivity of the system’s knowledge delivery.

	We will use mechanisms for communication capture such as those we used in the GIMMe email archive. GIMMe [Lindstaedt, 1996a] works this way: a community establishes an email alias for all communication of general interest to the group. In addition to members getting the email, it is also sent to a group memory archive. Here it is indexed for full-text search (using latent semantic indexing, described below) and made available for searching and browsing by community members. Members can also reorganize the mail by categories. Not only can members stop reading their daily group email and periodically scan GIMMe by categories of interest, but new members can learn the groupís history, and all members can retrieve prior discussions and decisions. GIMMeís functionality will be incorporated in WebNet, where it will be enhanced with tools to sustain its evolution and to actively deliver relevant contents based on work contexts.

	2. How to sustain the timeliness and utility of evolving information

	The approach to sustaining information is based on an extension of our model of system evolution (ìSERî). We want to empower practitioners to evolve their own information spaces in a sustainable way. This requires making the web interactive (with ìDynaSitesî) so information can be changed as it is used. It also requires structuring mechanisms (such as ìperspectivesî) for organizing changing information.

	Sustainable Evolution. In evaluating our domain-oriented design environments, we observed that the information stored in the knowledge bases soon became obsolete, as did the system functionality itself. Our seeding, evolutionary growth, and reseeding (SER) model [Fischer et al., 1994] is an attempt to see how community members can evolve their information systems [Henderson & Kyng, 1991]. The model distinguishes three categories of professionals involved in creating, maintaining, and using an organizational memory:

	
		Substrate producers. These are the people who create the underlying technology. For our project, these are the producers of intranet development environments and other substrates.

		Memory designers. These are the people who design and implement an organizational memory. For our project, these are members of our research group.

		Practitioners. These are the people who use the organizational memory in their work practices. For our project, these are the communities of practice that collaborate with us and try out our prototypes.



	The SER model consists of the following three processes:

	
		Seeding. In the seeding process, memory designers and practitioners work together to instantiate an organizational memory seeded with domain knowledge and local information.

		Evolutionary Growth. In the evolutionary growth process practitioners add information to the seed as they use it to do work. Work artifacts and communications accumulate in the organizational memory, resulting in growth of memory contents. In addition, new work produces needs for new system functionality and structures.

		Reseeding. In the reseeding process, memory designers and practitioners reorganize and reformulate information so it can be reused to support continuing tasks. 



	In the proposed project we want to investigate the possibility of going beyond our prior reseeding model by providing mechanisms for communities of practice to sustain the growth of their organizational memories without a distinct reseeding phase. Organizational memories should be able to evolve in symbiosis with their communities of practice like biological species evolve with their environments ⎯ with no interventions needed from outsiders. Incremental formalization techniques [Shipman, 1993] can be used to automatically add computationally interpretable attributes to information that has accumulated during the evolutionary growth. Formalization of information increases the system’s ability to structure and retrieve the information, and thereby generalizes the information content beyond the specific context in which it was originally added. Empirical evidence shows that, within communities of computer users, technically proficient ìlocal developersî emerge who are willing and able to perform many system modifications [Nardi, 1993]. WebNet will include mechanisms for communities ⎯ especially their power-users ⎯ to use to sustain the usefulness of the organizational memory continuously, thus reducing the need for a separate, disruptive reseeding phase that requires the memory designers to return. We have begun to explore this possibility with GIMMe, which allows members to reorganize as well as search and browse its email repository. We will make use of open industry standards so we can take advantage of future technological advances to increase substrate functionality, too, with minimal disruption. 

	Interactive Web Sites. Technologies for intranets are proliferating. However, these commercial products are very generic enabling technologies. They provide tools for building organizational memories but do not by themselves solve the complex issues of capturing, structuring, and delivering information.
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	Figure 2. The web as (a) broadcast medium and the web as (b) interactive organizational memory.

	WebNet will address current limitations of the web for supporting the kind of interactions required for communities of practice to use and sustain their organizational memories. As typically used, the web is a broadcast medium; people can find some information there, but they cannot easily modify, update, restructure, or contribute to the information source (see Figure 2). This model of the web suffers from one-way communication, poor coverage, poor reliability, low relevance, static format, and rapid obsolescence. These are serious problems for organizational memory. We propose an interactive model of the web, designed to solve each of these problems [Ambach et al., 1997; Fischer & Thomas, 1997; Stahl, 1997].

	WebNet will use what we call “DynaSites” to create a rich, interconnected, searchable, and browsable organizational memory that is easily updated and annotated. DynaSites are dynamic web sites. The HTML pages viewed in standard web browsers are created on-the-fly by a commercial intranet builder from data stored in a relational database. Wherever appropriate, the pages include forms for viewers to make changes to the content, subject to a system of permissions that can be configured for each DynaSite. These forms update the underlying database (and thereby the content of future web pages) without requiring any database or web technical knowledge by the users. The structure and other characteristics of a DynaSite can be set up in advance by memory designers or defined and modified by practitioners with appropriate authorizations.

	The specific content of DynaSites in a given system will depend upon the domain and the community being supported. Initial DynaSite structures will arise through a participatory design process in which we work closely with community members. Based on our initial explorations of DynaSites for local area network managers, their information space will include a glossary of technical terms and local terminology; a repository of all group email; the current queue of trouble reports and its history; a table of configuration data for each host on a LAN; a diary of changes made to each machine; an on-line manual of approved methods and procedures; LAN design rationale; a FAQ (Frequently Asked Questions about local LANs); threaded discussions among group members; and a directory of external pages of equipment vendors and other external web sites of interest.

	Perspectives. In prior work we have explored a “perspectives” mechanism [Stahl, 1993b; 1997] that will be adapted to DynaSites. Perspectives are important for sustaining evolution in collaborative information spaces [Boland et al., 1992]. They allow different changes to the information to be maintained simultaneously in different perspectives. This way, people can make successive changes to the content or organization of information without negating the effects of previous changes. For instance, if one design group has completed an artifact that satisfies all relevant critic rules and saves the artifact in their group perspective, then later changes to the critic rules by another group will not affect the subsequent evaluation of the artifact within its original perspective. In such cases, perspectives provide a versioning system for organizing and sustaining a memory system that evolves over time.

	Perspectives can also be used to make knowledge delivery relevant to subgroups of a community. For example, everyone who maintains a given LAN or set of LANs can use the same perspective; there can be a perspective for Macs, one for PCs, and one for UNIX management; perspectives can correspond to the chart of organization, with supervisors having more modification permissions and oversight over certain DynaSites. Perspectives inherit from each other hierarchically [Bobrow & Goldstein, 1980], determining what information is retrieved, how it is displayed, and what modification permissions are granted.

	3. How to deliver relevant information actively and adaptively

	The standard mechanisms for retrieving information from the Internet or from intranets yield frustrating results [Berghel, 1997]. Indexers and search engines such as Yahoo and Alta Vista work best when information is structured ⎯ but the web is not. Typical first searches return hundreds of thousands of hits, with follow up queries returning either still unmanageable thousands or none at all. Attempts to ìpullî down information of interest automatically using software agents (bots) is not yet practical ⎯ there are still too many unresolved issues involving how to specify relevance through end-user programming or otherwise. While there is much current work on software agents as a means to aid users in locating information in large information spaces (e.g., [Fischer & Thomas, 1997; Maes, 1994]), most of this work either relies on the user to explicitly formulate a query or relies on an implicit user model. ìSolicited pushî [Wired, 1997] through subscription to specialized or reliable information services is likely to be a popular solution for receiving domain news, but it does not meet the needs of just-in-time learning. Once more, none of the generic solutions integrate information delivery with work.

	In our prior work, we have addressed the retrieval problem with query by reformulation [Fischer & Nieper-Lemke, 1989], filtering [Fischer & Stevens, 1991], and critics [Fischer et al., 1991]. In organizational memories, we want to empower practitioners to take maximum advantage of shared knowledge. However, we do not want users to have to formulate database queries as such ⎯ that requires professional training and knowledge of data storage structures. We are interested in providing as much software support as possible in formulating initial queries, letting users select from catalogs of queries, and helping people to reformulate queries at a level of abstraction corresponding to how they think about their work tasks. This means integrating the information delivery process with the work context with mechanisms like critics. Another mechanism for doing this is suggested by latent semantic indexing (LSI). Finally, we propose to develop an end-user scripting language for practitioners to reformulate queries.

	Critics. Our domain-oriented design environments used the context of constructed artifacts, specified design goals [Nakakoji & Fischer, 1995], and selected perspectives [Stahl, 1993a] to guide retrieval[Fischer et al., 1993]. Computational critics in these systems are agents that monitor the changing work context and identify potential information needs; when such a situation is identified the critic offers to deliver relevant information. Specifications can be used to select different sets of critics, and perspectives can reinterpret the behavior of the critics [Fischer et al., 1993]. Critics remain an important mechanism for organizational memories, but we want to find additional mechanisms to map from representations of the work context to relevant information.

	LSI. To combat the brittleness of keywords in searches, we use latent semantic indexing (LSI) [Dumais et al., 1988; Landauer & Dumais, 1997]. We have experience using this with GIMMe, where it provides the primary access to archived email. LSI works by building a multidimensional scaling space through a statistical analysis of all the vocabulary in a textual corpus such as an organizational memory. Using this, LSI can locate items that are closely related to a given word or a longer phrase; it is not restricted to items that contain the exact keyword. LSI nicely augments the use of an embedded work context to help locate relevant information. For example, a textual problem report or a specification document can be used directly as an LSI query to retrieve stored documents that are semantically related (i.e., that deal with the same problems or with related machines and people). In this way, a document in the work area, such as a task description or a problem report, can be used by LSI to find other documents (emails, procedure manuals, previous problem reports) that are related and could prove helpful.

	Scripting Language. Because information-intensive work is creative and communities of practice are dynamic, the retrieval of needed information must be under the control of the users. An organizational memory should allow practitioners to modify the information retrieval processes themselves. We will include an end-user scripting language to allow non-programmers to formulate and modify queries. We developed similar scripting languages in our Hermes [Stahl, 1993a; Stahl et al., 1992] and Agentsheets [Repenning, 1995] design environments. The syntax and vocabulary of the language will reflect the structures of the DynaSites database schema and representations of the work contexts, but a drag-and-drop interface to the language will shelter the user from worrying about these matters. In the scenario, for instance, Kay formulated the query, "list emails about routers for small networks."

	Section 5. Assessment in Practice

	Our project approach incorporates ongoing assessment of our conceptual framework and computational mechanisms. The framework suggests important requirements and mechanisms; our success in designing the mechanisms and the results of assessing them in use will reflect back upon the theory, highlighting important issues for organizational memories and the communities that use them. 

	We will assess our conceptual frameworks and prototypes in a variety of settings for organizational learning, such as those discussed below. In each of these settings, efforts to enact organizational learning will focus on reconceptualizing the use of technology for organizational learning, rather than simply “gift-wrapping” traditional frameworks with new technologies.

	LAN Design Community. The domain of LAN design and management is appropriate because work is done by a community of practice; LANs are not designed once and for all but evolve over time; LAN design relies upon an enormous and rapidly changing information base; and LAN managers do much of their work on computers. Within this setting we will assess the integration of working and learning, new forms of collaboration enabled by our systems, and the ability of the community to sustain their computational environment over time.

	Boulder County Healthy Communities Initiative. BCHCI is a community-based effort (of approximately 500 citizens coming from different backgrounds) to identify major trends and implement positive change on issues that affect the long-term health, quality of life, and sustainability of Boulder County. The concerns of BCHCI are (1) to engage citizens as self-directed learners who understand sustainability and can actively participate in design solutions, and (2) to turn BCHCI into a learning community that benefits from citizen input. Our relationship with BCHCI provides a unique opportunity to establish an organizational memory and study organizational learning within a community setting.

	NYNEX University. We will build upon our ten-year relationship with NYNEX to reconceptualize organizational learning in industrial settings. NYNEX is the regional telephone company for the New York/New England area, with about 50,000 employees. NYNEX has made an unprecedented commitment to lifelong education of its front-line workers by establishing NYNEX University campuses throughout its operating regions. GIMMe technology is used as part of this effort, aimed to train workers to keep up with the rapid changes in their field through (1) a deeper understanding of emerging technologies, (2) competence with computational tools for finding and communicating new knowledge, and (3) a new emphasis on peer-to-peer learning in the workplace.

	L3D Center (including the proposed project ). Our research center aims to develop computational support and conventions of use that enable us to be a learning research community. We will create organizational memories for our center, as well as for the proposed project. This self-application of our theories will give us first-hand experience with the strengths and limitations of our conceptual framework and technology.

	University of Colorado Courses. University courses have traditionally been based on instructionist educational strategies, emphasizing fixed curricula, memorization, and decontextualized learning. The proposed project will continue our standing commitment to exploring new models of education that emphasize peer-to-peer learning through projects and discussion-oriented classrooms. We will use project prototypes in our own classrooms, where students will explore and reflect upon innovative applications of organizational memory.

	Section 6. Work Plan

	Year 1. Our initial focus will be on careful analysis of the current practices of the LAN design community at the University of Colorado and our own research group. We will work with an anthropologist to understand the existing practices of communities we collaborate with. Our goal will be to extend the unit of analysis from an individual working and learning to an organizational focus. System-building efforts in the first year will focus on the implementation of a core WebNet system. We will employ available technologies and our prior system mechanisms and extend them as needed.

	Year 2. In the second year our emphasis will be on envisioning and enabling new ways of working, learning, and collaborating. We will work closely with several communities to create organizational memory seeds. The seeds will define initial community-specific organizational memories. The seeding process will be grounded by the creation and collaborative assessment of prototypes, with communication about the prototypes captured within the organizational memories. This approach will interleave system-building and assessment, and capture a history of the seeding process that will serve project assessment as well as the ongoing evolution of the systems. We will embed logging mechanisms in the organizational memories to facilitate tracking of the evolution of both information content and structure. In this year we will extend our system functionality with perspectives and a scripting language.

	Year 3. The final year of the project will have two primary foci: (1) the use and sustainability of organizational memories by the communities of practice, and (2) an integrative framework for organizational learning in a variety of settings. Assessment of organizational learning in communities will be both quantitative and qualitative. Logs of information use and evolution will provide data about the mechanisms most used and about the dynamics of the organizational memory. By analyzing the usage logs in conjunction with user interviews, we will assess how well the mechanisms and systems supported the sustainability of these information spaces as useful sources of organizational memory under changing conditions. Our assessment of organizational learning in the research settings will lead to an integrated conceptual framework for organizational memories and a generic architecture of computational support for organizational learning.
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Interoperability among Knowledge-Building Environments

	Abstract:

	A number of software environments have been developed to support collaborative knowledge building, typically incorporating a persistent discussion forum. Despite striking similarities and interesting differences among these community learning tools, there has been little direct interchange of ideas, designs, experiences and data among the developers. A first step toward increasing collaboration in this research community is to define a mark-up language to represent, archive and translate the data captured in these systems. This will help us to understand the design space of such knowledge building environments, to share software tools and to archive data for analysis. This project brings together representatives of research groups building related tools and evaluating the learning supported by those tools.

	Principle Investigators:

	PI: Gerry Stahl, Gerry.Stahl@Colorado.edu, University of Colorado (WebGuide)

	Co-PI: Matthew Realff, Matthew.Realff@che.gatech.edu, Georgia Tech (CoWeb)

	Co-PI: Charles Kerns, Charles.Kerns@Stanford.edu, Stanford University (Learning Lab)

	Co-PI: Christopher Hoadley, tophe@unix.sri.com, SRI (Knowledge Network)

	Other Executive Committee Members:

	Chris Teplovs, Chris.Teplovs@utoronto.ca, U Totonto (CSILE/Knowledge Forum)

	Jay Scott, jay@forum.swarthmore.edu, Swarthmore College (Math Forum)

	Patricia Schank, schank@unix.sri.com, SRI (Tapped In)

	Alex Cuthbert, alx@socrates.berkeley.edu, UC Berkeley (KIE/Wise)

	Janet Blatter, jblatt@po-box.mcgill.ca, McGill University (LearningSpace)

	Other Project Members:

	Richard Wenn, rwenn@wested.org, WestEd (educational r&d)

	Dan Suthers, suthers@hawaii.edu, University of Hawaii (Belvedere) 

	Jim Slotta, Slotta@socrates.berkeley.edu, UC Berkeley (KIE/Wise)

	Ken Schweller, Schweller@bvu.edu, Buena Vista University (standards)

	Ian McKay, help@support.maile.hawaii.edu, University of Hawaii (Maile)

	BobMcClean,  rmclean@oise.utoronto.ca, U Toronto (CSILE/Knowledge Forum)

	Charlie Hendricksen, veritas@u.washington.edu, University of Washington (DocReview)

	Mark Guzdial, guzdial@cc.gatech.edu, Georgia Institute of Technology (CoWeb)

	Simon Buckingham Shum, sbs@acm.org, Open University (CSCA) 

	Aaron Bond, abond@interchange.ubc.ca, University of British Columbia (WebConstellations)

	Objectives and Significance:

	The goal is to start a collaboration among research groups and individuals who are designing, implementing, testing and evaluating innovative learning technologies that support collaborative knowledge building. A number of similar software knowledge-building environments (KBEs) have been created, generally including a discussion facility that renders student argumentation persistent. This project will define a common data mark-up format that these KBE systems can export their discussions to. This will allow interchange of data and the display of data in shared formats to facilitate comparison and research. For instance, it will facilitate the archiving of discussions from different systems in CILT's Knowledge Network.

	Project and Partners:

	This project will bring together researchers working within a genre of collaborative learning technology that is prominent in the larger field, but has not been identified or conceptualized as such. The effort to make the data in these KBE systems exchangeable will raise issues of software design  that will lead to sharing of expertise and technical advances. This is similar to the Dexter conference that defined a software model of the major hypertext systems in 1988 and clarified directions for their future development [CACM, 37, 2]. We hope to start with KBE researchers at Toronto, Georgia Tech, Colorado, Swarthmore, Berkeley, Stanford, SRI and elsewhere. The time they contribute to this project is likely to total in excess of 400 hours during the year: drafting documents, corresponding and attending workshops. The partner groups include several people with XML experience who are willing to share knowledge of this important new technology within the KBE community. A number of groups are already working on XML representations specific to their systems, and others will soon begin to do so as a result of this project. The PI (Stahl) will be leading an interdisciplinary graduate seminar on KBEs in the Fall, with students doing research directly supportive of the proposed project. As a direct consequence of the planning of this project at CILT '99, a parallel project has been launched for research groups in the cognate field of CSCA (computer supported collaborative argumentation / design rationale), with an initial draft XML DTD already (within a week of the CILT conference) posted to a KBE for discussion. All of these activities will be represented and coordinated in the proposed project.

	Expected Outcomes:

	KBEs are considered important learning technologies, yet their widespread adoption remains problematic. This project will begin to bring together a community of people deeply involved in the KBE sub-field to share data, designs and experiences. Data interoperability will facilitate the development of shared tools for analyzing, visualizing and comparing student learning within various KBEs. When data is stored in an XML file, it can be interchanged between different KBE systems or different versions of the same system, archived for flexible future use and displayed on the Web with metadata search capabilities. The definition of an XML DTD for threaded discussion and related information in KBEs is explicitly viewed as just a first outcome. The KBE-ML will include a minimal model of KBE storage, a full-featured ideal model and extensions for specific systems. If accepted, workshops proposed for CSCL '99 and elsewhere will relate this work to the broader educational issues surrounding KBEs. This project will lead to a clearer understanding of future stages of collaboration for subsequent funded projects. 

	Deliverables:

	A number of participating groups have already started to work with XML representations of their own systems, so development is likely to proceed through iterations punctuated by communication and consolidation, with "standards" being repeatedly revised to support new concerns. The following milestones are targets for reaching consensus and producing semi-stable documents:

	
		Requirements specification for an XML DTD based on several specific KBE systems. (Month 2)

		Draft of a full-featured KBE-ML Document Type Definition for KBEs and a minimal subset to define compatibility. (Month 4)

		Development of export/import procedures between XML data and specific KBE systems. (Month 6)

		Organization of a workshop at CSCL '99 (assuming acceptance) on issues related to this project and the learning goals of KBEs. (Month 7)

		Development of Web display style sheets for the KBE-ML formatted data. (Month 9)

		Development of simple data analysis tools for the KBE-ML formatted data. (Month 11)

		Submission of funding proposals for future work. (Month 12)

		Preparation of project status updates and summary report. (Month 12)



	Organization:

	A set of four co-PIs will share primary programmatic and financial responsibility. They will decide how funds should be allocated as needs arise. Funds will be administered through the University of Colorado, but will be used to cover expenses at any participating institutions, such as the hiring of students working specifically on this project or the travel expenses of a participant who needs a subsidy to collaborate or attend meetings or workshops specifically as part of this project. An Executive Committee consisting of representatives of primary KBE systems will ensure the involvement of the research groups involved with those software systems. A Project Membership list of individuals will be used for the circulation of all project documents in order to build broad consensus. 

	Period of Performance:

	12 months starting June 1, 1999.
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ALT: Dynamic Support for Virtual Math Teams

	On-line learning promises education for the masses – quality educational opportunities available to all people, but especially those who are in the greatest need – although this dream is yet to be made a reality.  The long term goal of the proposed work is to replicate the impact of local, on-campus programs targeting increased college preparedness and college success of minority and low income students, such as the well known Treisman Berkeley Professional Development Program, in a freely available, on-line learning environment.  Making what would normally be a staff intensive program available ubiquitously at a dramatically reduced expense would be an enormous payoff.  Our proposed solution is to develop a technological augmentation to available human support in a lightly staffed environment.  This proposed project brings together a team with expertise in both technological development and careful experimentation both in the lab and in the classroom, a track record for large scale deployment of educational materials, a solid foundation in significant results from prior work on which we build in the areas of computer supported collaborative learning and tutorial dialogue systems.

	Intellectual Merit: Our research attempts to understand how to structure interactions among peer learners in online education environments to address these problems. The proposed project seeks to enhance participation and learning in the Virtual Math Teams (VMT) online math service by designing, developing, implementing, testing, refining and deploying computer-supported tools to support facilitation in this lightly-staffed service. The key research goal is to optimize a design and implementation for adaptive feedback in support of collaborative problem solving that will maximize the pedagogical effectiveness of the collaboration by eliciting behavior that is productive for student learning in collaborative contexts.  

	Broader Impact: We are working towards understanding the pedagogical and technological features that make on-line education in general, and collaborative learning in particular, effective. If we can understand the causal connections between interaction and learning, then we can wield technology in ways that achieve maximal cognitive and social benefits for on-line learners. To the extent we are successful, our research will help realize the promise of on-line learning.  Expensive instructors and content providers will continue to develop course materials and act as moderators to the extent that resources allow. Fellow students will support each other in dealing with their struggles with the materials. Inexpensive machine agents will aid human facilitators both in matching students who can help each other and as well as by offering help to structure their collaborative learning conversations so that the presence of other students will lead to greater commitment to the course and learning. Making free open courses more successful will benefit all students, but especially those with lower income and from developing countries.

	1. Vision 

	American children are in the middle of a group of 38 countries in terms of science and math education, far behind such countries as Singapore, Korea, Hong Kong or Japan (Mullis et al., 2000).  On•line learning offers the potential to address this problem by providing free or inexpensive supplementary education for the masses – quality educational opportunities ubiquitously available, especially those who do not have the resources to pay for high quality private tutoring for their children.  While this vision does not address the problem that some of the neediest students do not have access to computer resources, this vision is in line with the Advanced Learning Technologies mission to enable radical improvements in learning through innovative computer and information technologies. 

	The ultimate goal of the proposed work is to replicate the impact of what are normally local, on-campus programs targeting increased college preparedness and college success of minority and low income students, such as the Professional Development Program (PDP) (Treisman, 1985), in a freely available, on-line learning environment.  We focus on middle school math since middle school is a pivotal time when students, especially girls, begin to lose confidence in and interest in math (Callahan & Clements, 1984; Dossey, Mulis, Lindquist, & Chambers, 1988; Brandon & Newton, 1985), and we target the well established Virtual Math Teams (VMT) online math service at http://mathforum.org/vmt as a venue for broad dissemination because of its strategic location in an on-line math service that reaches millions of students per week.  In supporting collaboration, we focus on eliciting productive helping behavior, which we have observed to mediate learning in prior studies with this age group and domain content area (Gweon et al., 2007) as well as studies with older students (Gweon et al., 2006). Furthermore, we focus on eliciting proof-like explanations from students as part of our support for their helping behavior, since this is an important skill connected with a deep understanding of math concepts, and which continues to be a struggle for students throughout their school years. We bring together a team with expertise in technological development, careful experimentation in the lab and in the classroom as well as insightful ethnographic research in real on-line learning environments, a track record for large scale deployment of educational materials, and a solid foundation in significant results from prior work on which we build in the areas of computer supported collaborative learning and tutorial dialogue systems. 

	The purpose of this project is to enhance participation and learning in the Virtual Math Teams (VMT) online math service by designing, developing, implementing, testing, refining and deploying computer-support tools to enhance facilitation that is available to support students in this lightly-staffed service. It is the lightly staffed nature of this service that makes it a more economical solution that on campus programs such as PDP, mentioned above. One key research goal is to optimize the design and implementation of dynamic collaborative learning support agents that will participate in VMT chat sessions in order to maximize the pedagogical effectiveness of those interactions. Prototype dynamic support agents have already yielded positive learning effects in our pilot evaluations in lab (Wang et al., 2007) and classroom studies (Kumar et al., 2007-a; Chaudhuri et al., to appear) in the domains of science and engineering respectively, and a recent pilot evaluation shows promise with middle school kids learning about fraction arithmetic (Kumar et al., 2007-b).  Another key research goal is to develop technology for monitoring collaborative behavior and automatically generating reports for human facilitators to allow them to quickly identify teams that require more attention (Kang et al., to appear-a; Kang et al., to appear-b).  Our recent work on automatic collaborative learning process analysis from collaborative learning discussions between college age students (Donmez et al., 2005; Wang et al., 2007c, Rosé et al., in press) provides a foundation for this.  In our proposed work we will carry this further by identifying which conversational events are most indicative of a need for support in interactions involving middle-school kids, who are less sophisticated in their communication skills and thus struggle with different issues in collaborative contexts.  This will be accomplished through collaboration among CMU, Math Forum and VMT researchers.   

	We have already begun our joint work by integrating our research findings and infrastructure from our prior work in the areas of computer supported collaborative learning and tutorial dialogue systems.  We have also piloted our integrated VMT environment, which we refer to as VMT-Basilica (Kumar et al., submitted-a; Kumar et al., submitted-b), in a purely on-line setting in order to collect realistic development data and so that our plans for our continued collaboration can be strongly influenced by observations of interactions in the exact environment where we will do our most important work towards a significant impact in the long run. In our exploratory data analysis we have taken a hybrid qualitative/quantitative approach to get a firm handle on consistent patterns that are general across the data as well as to notice the influence of important contextual variables that we will take into account in our subsequent experimental work, in line with methodology proposed in (Design-Based Research Collective, 2003). 

	Our research goal is supporting productive collaborative learning discussions in a computer-mediated environment in “the wild”, specifically supporting students in working together in pedagogically effective ways.  While the help students are capable of offering one another is not perfect, there is evidence that it is effective in spite of the errors students make when helping each other (Gweon et al., 2006), and possibly even because of these errors (Piaget, 1985; De Lisi & Goldbeck, 1999; Grosse and Renkl, submitted).  If we can harness the potential of state-of-the-art technology for automatically filtering collaborative learning discussions that we have developed in our previous work (Donmez et al., 2005; Wang et al., 2007c), and we can use this automatic analysis to trigger interventions that support students in helping each other learn together (Gweon et al., 2006) using tutorial dialogue and intelligent tutoring technology as in some of our previous studies (Wang et al., 2007; Kumar et al., 2007), we could move towards a solution to our nation’s educational problems in a cost effective, practical manner.  To this end, our main research objectives include: 

	
		Extending the capabilities of the technical infrastructures created in our prior work at Carnegie Mellon University and Drexel University, which includes an elaborate environment for coordinating math teams and supporting their problem solving efforts as well as tools for automatic collaborative learning process analysis and for building collaboration support agents that are triggered by this analysis. 

		Conducting a series of investigations into the causal connections between conversational processes and learning as well as the causal connection between automatic interventions and collaborative behavior across multiple settings, including lab and classroom studies as well as investigations in the on-line VMT environment.  This series of controlled and naturalistic observations will culminate in a large-scale summative evaluation in the on-line VMT environment. 



	In addition to producing new knowledge in the research area of Computer Supported Collaborative Learning, the results of this research will permanently extend the capabilities of an existing on-line math community, making it a more valuable resource beyond the end of the proposed research funding. 

	2. Foundational Resources Provided by the CMU and Drexel Teams 

	The CMU and Drexel teams both bring a rich storehouse of resources to the table to make use of in this effort. 

	2.1 Technological Foundation 

	For a technological foundation, the CMU team brings to the project much prior work developing and evaluating tutorial dialogue technology that can be used to deliver interactive support (Rosé et al., 2001; Gweon et al., 2005; Rosé et al., in press; Rosé et al., 2005; Kumar et al., 2006; Wang et al., 2006), prior work developing automatic collaborative learning process analysis technology that can be used to trigger interventions (Donmez et al., 2005; Wang et al., 2007c), other language technologies research related to text classification (Rosé et al., 2003; Rosé et al., 2005-b), robust analysis of explanations (Rosé, 2000; Rosé et al., 2002; Rosé & VanLehn, 2005) and dialogue analysis more generally (Rosé et al., 1995; Arguello & Rosé, 2006), as well as early work on design and evaluation of adaptive collaborative learning support (Gweon et al., 2006; Wang et al., 2007; Kumar et al., 2007) and investigations of group composition and gender effects in collaborative learning in an intelligent tutoring environment (Gweon et al., 2005b; Gweon et al., 2007).   

	The Drexel team brings the existing Virtual Math Teams (VMT) environment (http://mathforum.org/vmt). The Virtual Math Teams (VMT) project within the Math Forum uses peer collaboration in small student teams to enhance learning and participation in math discourse. Small groups of students are invited to chat rooms (see description of the Collaborative Environment in Section 3.1) where they discuss carefully designed math problems or math micro-worlds. VMT mentors are typically not present in the chat rooms, but they provide asynchronous feedback to the student groups upon request.  We proposed to augment this environment with automatic, dynamic collaboration support. Math Forum and VMT staff will be involved at all stages of designing, developing, implementing, testing, refining and deploying these computer-support tools in close collaboration with researchers from Carnegie Mellon University.  VMT researchers have extensive experience exploring the effectiveness of these materials for stimulating productive collaborative learning interactions.  For analysis of collaborative discussions, VMT researchers have used a variety of methods that we will draw upon in our proposed work for on-line and off-line analysis of the learning and collaboration that takes place in the VMT-Chat environment, including statistical analysis of coded chats, ethnographic observation of participation and interaction analysis (adapting ethnomethodologically-informed conversation analysis to textual chat). A large number of studies of VMT chats are already available, including (Cakir et al., 2005; Sarmiento, Trausan-Matu, & Stahl, 2005; Stahl, 2006a, 2006b, 2006c, 2006d, 2006e; Strijbos & Stahl, 2005; Wessner et al., 2006; Zemel, Xhafa, & Cakir, 2005); see http://www.mathforum.org/vmt/researchers/publications.html for a more complete list. 

	
	2.2 Math Forum Materials 
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	Figure 1. Example Math Forum Problem: The Sticks Problem 

	Selecting appropriate materials to stimulate productive collaborative conversations is essential to fostering the success of collaborative learning.  Since the goal of much collaborative learning is to stimulate higher order thinking, typical tasks used in studies of collaborative learning are open ended problems with multiple possible solutions, especially ones with many trade-offs rather than right versus wrong solutions, or highly interpretative problems such as case study analysis. We draw from resources designed by The Math Forum, which has been providing a successful, highly popular online community and digital library for K-12 students, teachers and others for over a decade (Renninger & Shumar, 2002). Although the Math Forum works closely with school districts and teachers, its central focus is on providing informal learning experiences, by developing challenging, non-traditional math problems for students to think about and by collecting student responses. Although it has collected some of these responses into math books on algebra and geometry, it mainly organizes these responses as a digital library. In its various services (see Section 6 on Partnerships and http://mathforum.org for more details), the Math Forum facilitates interactions among students, teachers, pre-service teachers, volunteer mentors and paid staff. 

	An example problem is displayed in Figure 1 above.  In the VMT environment, students work in small groups on the same problem over 3 sessions.  In the first session, they work out solutions to the problem.  In between the first and second sessions, students receive feedback on their solutions.  In the second session, students discuss the feedback they received on their respective solutions and step carefully through alternative correct solutions.  In that session and the subsequent session, they also discuss additional possible ways of looking at the problem including variations on that problem in order to take a step back and learn larger mathematics principles that apply to classes of problems rather than individual problems.  Although the problem provides the opportunity to investigate multiple possible solutions and to engage in deep mathematical reasoning, our finding from analysis of chat logs where students have worked on this and other problems is that students tend to jump to finding one solution that works rather than taking the opportunity to search for alternative solutions.  The moderator plays an important role in stimulating conversation between students, encouraging knowledge sharing and probing beyond a single acceptable solution. Thus, we plan to model our dynamic support agents after successful group moderators using a similar data driven process that was used to develop our CycleTalk tutorial dialogue agents (Rosé et al., in press; Kumar et al., 2006), patterned after successful human tutors (Rosé et al., 2005) supporting learning in the same environment that the chat agents now participate in. Examples of the proposed support are given in Section 3 below. 

	2.3 Tools for Building Dynamic Collaborative Learning Support 

	What the CMU team brings in terms of technological infrastructure are tools for automatic collaborative learning process analysis to trigger dynamic support in the midst of ongoing collaboration and tools for quick authoring of conversational agents to administer the interactive support. Note that both of these tool sets were developed under the NSF funded Pittsburgh Science of Learning Center (PSLC) as enabling technology projects.  Whereas in the PSLC this work can support classroom studies in designated LearnLab courses (which do not include any courses using Math Forum materials), that center does not fund work in on-line learning communities, classroom studies in other classrooms, or lab studies. Thus, the proposed work will take resources developed in one NSF funded context, and extend the impact to a new and significantly broader context. 

	As part of a collaboration with the Knowledge Media Research Center in Tuebingen, Germany, we have developed a proof of concept for fully automatic collaborative learning process analysis (Donmez et al., 2005; Wang et al., 2007-b; Rosé et al., in press).  We describe this work here as an example of the types of analyses and level of detail we are able to achieve with our automatic processing of conversational data. We refer to the coding scheme used in this work, which was developed by Weinberger & Fischer (2006), as the Weinberger and Fischer coding scheme.  This coding scheme was developed for the purpose of addressing the question of how computer-supported collaboration scripts could foster argumentative knowledge construction in online discussions. Argumentative knowledge construction is based on the idea that learners acquire knowledge through argumentation with one or more learning partners, by better elaborating the learning material and by mutually refining ideas. Argumentative knowledge construction must be evaluated on multiple process dimensions. Thus, the Weinberger and Fischer coding scheme has five process dimensions.  These dimensions are derived from different theoretical approaches and focus on specific conceptualizations of argumentative knowledge construction, and are supposed to be independent from each other. The main concepts are (1) epistemic activity, formal quality regarding argumentation, which differentiates in the (2) micro-level of argumentation and the (3) macro-level of argumentation, and (4) social modes of interaction. Independent of these dimensions, the segments have been coded whether they were or were not (5) a reaction to a previous contribution.  

	Each dimension offers a different perspective on the nature of the contribution, often drawing upon information of a different nature from the other dimensions, and thus offers evidence of the generality of our approach.  For example, the Micro and Macro dimensions each characterize different aspects of the linguistic structure of the contributions whereas the Social Modes and Reaction dimensions focus on different types of social conventions and relational styles conveyed in and encoded in contributions.  Automatic application of coding schemes such as this one make it possible to automatically detect dysfunctional communication patterns within running discourse.  For example, they make it possible to determine whether participants are acknowledging each other’s contributions, and considering them adequately without either giving in too quickly or rejecting each other’s views out of hand. A major focus of our work has been increasing classification accuracy on low frequency events, since many times very infrequent events are nevertheless important to recognize with a high degree of accuracy because they are indicative of particular types of trouble. 

	The second technology provided by the CMU team is an infrastructure called TuTalk to support quick authoring of dialogue agents (Gweon et al., 2005; Jordan et al., 2007; Cui et al., to appear).  This work includes 1) tools for non-technical users to author dialogue specifications for particular student exercises and 2) a backend system for supporting full spoken or text-based dialogue behavior that follows the authored specifications.  In our prior work we have explored strategies for supporting the development of language understanding interfaces by non-linguists (Rosé & Hall, 2004; Rosé, Pai, & Argeullo, 2005). TuTalk provides a suite of corpus organizational tools to help authors prepare their corpus data in preparation for authoring using what we refer to as the InfoMagnets interface (Arguello & Rosé, 2006b). The TuTalk authoring interface is then used for finer grained processing, such as shifting topic segment boundaries and labeling more detailed utterance functionality, as well as authoring templates used for generating dialogue behavior.  These tools were used to build the dialogue agents used in the successful classroom studies reported in (Kumar et al., 2006) in one week. 

	While our previous work developing dialogue agents has focused primarily on tutorial dialogue for individual learning, here we expand our scope to cover tutorial dialogue for collaborative learning, and have already seen success in that arena (Kumar et al., 2007-a; Kumar et al., 2007-b; Wang et al., 2007-a; Chaudhuri et al., to appear-a).  Thus, here the purpose of the dialogue agents is not to lead one student to reflect on a past decision or come to a specific conclusion.  Instead the dialogue agents will seek to direct the interaction between students, offering instruction only as a last resort.  Building on work reported in (Rosé & Torrey, 2005), we seek to build dialogue agents that are effective at eliciting elaborated explanations from students in the context of the help seeking and help giving interactions with other students in order to implement dynamic support interventions.   

	3. Results from SGER: The VMT-Basilica Integrated Foundation for Supporting Collaborative Learning On-Line 

	In this section we describe how we have integrated elements from our previous work into a common technical foundation and have developed a foundational instructional approach that we build on and extend in our proposed work. 

	3.1 Collaborative Environment 

	The Math Forum and its Virtual Math Teams Project have collaborated closely with CMU personnel under an SGER grant to design, develop, implement, and pilot test the integrated VMT-Basilica environment. This was accomplished using the VMT-Chat environment, which was made available as a test-bed for collecting data about the performance of these tools. The opensource VMT-Chat includes the VMT Lobby, where people can select chat rooms to enter, and a number of math discussion chat rooms, that each include a text chat window, a shared drawing area and a number of related tools (for a more detailed description of the environment and how it is used, see (Stahl, 2006). Since the environment is available as Open Source, (1) it was easily extended for this project and (2) the results of this project can easily be made available to other researchers.  

	VMT-Chat includes the VMT Lobby – where people can select chat rooms to enter (see figure 2) 

	– and a number of math discussion chat rooms – that each include a text chat window, a shared drawing area and a number of related tools (see figure  3). 

	[image: Description: figs]

	Three types of rooms can be created in the lobby: 

	
		Open rooms. Anyone can enter these rooms and participate in the discussion – see Figure 1, where open rooms are listed under math problems or topics. 

		Restricted rooms. Only people invited by the person who created the room can enter. 

		Limited rooms. People who were not originally invited can ask the person who created the room for permission to join. 



	Such flexibility allows the VMT service to be used in a wide range of ways and in limitless combinations and sequences: 

	
		For instance, teams of students from the same classroom might first use the VMT environment to work together on a series of Problem of the Week (PoW) problems during class time, allowing them to become familiar with the system and build collaboration skills in a familiar social setting.  

		Later they could split up and join groups with students from other schools to explore more open-ended mathematical situations.  

		As they become more advanced users, they can create their own rooms and invite friends or the public to discuss topics that they themselves propose. 



	VMT-Basilica integrates the open source VMT-Chat with Basilica (Kumar et al., submitted-a; Kumar et al., submitted-b), which integrates all of the CMU technologies discussed above into a framework that supports rapid development of computer supported collaborative learning environments.  It provides a clean software architecture where technologies such as TagHelper tools and TuTalk are encapsulated into abstract classes that can be instantiated as specific Filters and Agents respectively, where Filters listen in on the behavior occurring within an environment like VMT-Chat in order to notice specific behaviors, either in the chat or other interface widgets such as the whiteboard, and Agents exhibit behaviors, such as displaying graphics on the whiteboard, or participating actively in the chat. Within this integrated framework, we are able to trigger a variety of interventions within the VMT-Chat environment that are sensitive to what is happening in the collaboration between students.  We have already successfully piloted the integrated VMT-Basilica environment in a large classroom study related to collaborative design for environmentally friendly engineering (Chaudhuri et al., to appear). 

	3.2 Instructional Approach 

	Our goal is to maximize the benefit students receive from the interactions they have with one another. Not all instructional conversation between learners is equally effective, and often requires some form of support in order to become effective (Stegmann et al., 2004; Rummel et al., 2003). State-of-the•art forms of collaboration support proactively structure collaborative learning interactions using a broad assortment of approaches. Examples of such support includes assignment of students to roles (Strijbos, 2004), provision of prompts during collaboration (Stegmann et al., 2004), design of structured interfaces including such things as buttons associated with typical “conversation openings” (Baker & Lund, 1997), instructions to guide learners to structure their collaboration (Webb & Frivar, 1999), or even various forms of collaboration training (Rummel et al., 2006).  These approaches to structuring collaboration play a role similar to training wheels on bicycles.  Just as training wheels allow kids to have the experience of riding a bike before they are ready to do it independently, these forms of collaborative learning support increase the amount of productive collaboration behavior above that of what it would be without the structuring, thus allowing students to collaborate at a higher level than their own collaborative skills would naturally allow.  As is well known, however, training wheels must eventually come off.  And typically, they are removed by a watchful parent, who may decide after watching their child fall a few times, to put them back on for a time until the child has developed further in their own coordination and balance. In a similar vein, the learning sciences literature tells us that scaffolding should be faded over time (Collins et al., 1991), that over-scripting is detrimental to collaboration (Stegmann et al., 2004), and unnecessary support is demotivating (Dillenbourg, 2002).  However, in order to fade collaboration scaffolding as a watchful parent, we must do so using technology that is sensitive to collaborative behavior in the environment. Thus, a major goal of our research is to support collaboration in a way that is responsive to what is happening in the collaboration rather than behaving in a “one size fits all” fashion, which is the case with state-of-the-art static forms of support. 

	Our instructional approach is modeled after constructivist principles of classroom discourse, such as those advocated in (Chapin, O’Connor, & Anderson, 2003). Webb and colleagues present a series of studies in different educational settings that demonstrate the importance of the depth of instructional explanations, both for the speaker as well as the recipient (Webb, 1991; Webb, Nemer, & Zuniga, 2002). Much research shows the value of drawing out student reasoning in the form of elaborated explanations. In particular, one of the best substantiated educational findings in cognitive science research related to education is the educational benefit of explanation, and in particular, the self-explanation effect (Chi et al., 1989; Chi et al., 1994; Chi, 2000).  Nevertheless, previous discourse analyses of collaborative conversations reveal that the majority of conversational interactions between students do not display the “higher order thinking” that collaborative learning is meant to elicit (Webb & Mastergoerge, 2003; Webb, Nemer, & Zuniga, 2002), and we have found this as well in our own observations of collaborative learning, both at the college level (Gweon et al., 2006) and at the middle school level (Gweon et al., 2007). 

	To begin to move past the traditional one-size-fits-all non-adaptive approaches to collaboration support, we have conducted a series of studies in which we experimentally investigate foundational issues related to the design of dynamic support for on-line collaborative learning (Gweon et al., 2006).  These initial investigations demonstrated that explanation elicitation prompts such as those displayed in Table 1, delivered strategically, based on simple rules related to timing of contributions and distribution of labor between student, were effective for eliciting explanation attempts as well as significantly increasing learning. These very general purpose prompts were effective across a wide range of collaborative problem solving exercises. In our long term plans in the VMT context, in order to elicit the type of collaborative behavior that leads to more learning, we will use dynamic collaboration support agents based loosely on the style of our previous investigations at the secondary and post-secondary level (Gweon et al., 2006; Wang et al., 2007; Kumar et al., 2007). 
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	Our previous success with automating collaborative learning process analysis (Donmez et al., 2005; Rosé et al., in press) offers promise that the dynamic support mechanism evaluated using a Wizard-of-Oz setup in (Gweon et al., 2006) can be implemented and deployed fully automatically.   

	We have run a number of successful pilot studies in which we used dialogue agents to deliver interactive support when triggered by an automatic analysis of the collaborative learning discussions as they unfolded (Wang et al., 2007; Kumar et al., 2007-a).  In these successful studies, the fully automatic interactive support lead to significant increases in learning in comparison to a control condition that did not have the interactive support.  However, these studies did not take place in an open web environment such as the Virtual Math Teams environment.  Thus, there is still much work to do to investigate how best to elevate the level of helping behavior in an environment such as the on-line VMT environment. 

	4. Full-Circle Methodology: Exploring the Design Space in Complementary Contexts 

	We propose to take advantage of the complementary insights we can gain from investigations in various settings, including lab studies, classroom studies, and studies in the Virtual Math Teams environment.  Furthermore, we leverage a broad spectrum of methodologies, ranging from high internal validity studies in the lab and in the classroom, with pre/post test designs to high external validity investigations in the “wild” Virtual Math Teams environment where the same analyses of observable collaborative behavior are possible even with naturalistic, non-controlled observation, but experimental designs are less practical and must be administered with caution because of the way imposing too much control may interfere with the natural working of the community (In Section 4.4, we describe how we will carefully conduct a large-scale summative evaluation at the end of the project in such a way as to avoid interfering with the natural workings of the community any more than necessary.)  With respect to analysis of log data, we will also employ a diversity of approaches including formal, quantitative analyses of log data based on categorical coding as well as ethnographic style analyses. 

	4.1 Illustration of Methodology 

	As an illustration of our full-circle, mixed-methods approach, we offer an example of how our informal collaboration to date is already yielding synergistic findings.  Because our ultimate goal is to achieve success in the “wild” Virtual Math Teams environment, we begin with insights gained from an ethnomethodological analysis of chat logs collected in the Virtual Math Teams environment (Stahl, 2006). In one notable chat session, we observed a group of students that was successful at solving problems collaboratively that none of them were capable of solving alone.  On close inspection of the chat logs, a student who at first appeared as “the class clown” emerged as a tone setter in the analysis, putting his team mates at ease, and allowing them to forage ahead as a group towards solutions to very challenging problems. From this analysis, a hypothesis emerges that interventions that break the tension and stimulate a light-hearted atmosphere in a collaborative learning setting may act as a “social lubricant”, and thus may increase success in collaborative problem solving.  The Carnegie Mellon team has tested this hypothesis experimentally in a classroom study, referred to as the Social Prompts study (Kumar et al., 2007-b), in which students worked in pairs in a collaborative problem solving environment that shares some common simple functionality with the Virtual Math Teams environment.  

	In the experimental condition of the Social Prompts study, before a problem is displayed in the shared problem solving space, a tutor agent first asks each student what we are referring to as a social question. The idea is to draw the students into a productive, collaborative attitude by encouraging them to put something they identify with personally into the math problems, so they feel as though they have worked together to make the math problems they will then work together to solve.  As an example, consider the following scenario:  The agent may first ask student 1 “Student 1, if you had to choose between a long flight or a long car ride, which seems more uncomfortable?”  The student indicates that a car ride would be preferable.  Then the tutor agent may then ask, “Student 2, which are more entertaining 

	– books or movies?”, and the student may respond that books are more amusing.  These two pieces of information are then used to fill in slots in a template that is then used to generate the math problem.  In particular, the resulting story problem says, “Jan packed several books to amuse herself on a long car ride to visit her grandma.  After 1/5 of the trip, she had already finished 6/8 of the books she brought.  How many times more books should she have brought than what she packed?”  The lighthearted nature of the questions was meant to inject a note of playfulness into the conversation.  In order to control for content and presentation of the math content across conditions, we used exactly the same problem templates in the control condition, but rather than presenting the social questions to the students, we randomly selected answers to the social questions “behind the scenes”.  Thus, students in both conditions worked through the same distribution of problems. 

	The results of the Social Prompts study provided some evidence in support of the hypothesis that emerged from observations in the Virtual Math Teams environment.  We began our analysis by investigating the socially oriented variables measured by means of the questionnaire, specifically perceived problem solving competence of self and partner, perceived benefit, perceived help received, and perceived help provided.  For perceived benefit and perceived confidence, scores were high on average (about 4 out of 5) in both conditions, with no significant difference between conditions. However, with perceived help offered as well as perceived help received, there were significant differences between conditions. Students in the experimental condition rated themselves and their partner significantly higher on offering help than in the control condition.  Interestingly, there is more evidence of requesting help in the control condition chat logs. However, these requests were frequently ignored.  The learning gains analysis is consistent with the pattern observed on the questionnaire and offers some weak evidence in favor of the experimental condition on learning.  The trend was consistently in favor of the experimental condition across tests and across units of material on the test.  The strongest effect we see is on lab day 2 where students in the experimental condition gained marginally more on interpretation problems (p=.06, effect size .55 standard deviations). The student chat logs contain rich data on how the collaborative problem solving process transpired.  We conducted a qualitative analysis of the conversational data recorded in the chat logs in order to illuminate the findings from the tests and questionnaire data discussed above. Overall, we observed that students were more competitive in the control condition.  Insults like “looser”, “you stink”, “stupid” occurred frequently in the control condition, and never in the experimental condition.  Instead, in the experimental condition we observe light hearted teasing. There were significantly more help related conversational episodes per problem in the Experimental condition (Kumar et al., 2007-b), and furthermore, it happened significantly more frequently in the Experimental condition that when students got stuck on a problem solving step, they received help and then were able to complete the step themselves instead of their partner completing it for them, which was the general case in the control condition. 

	The full-circle methodology that we propose begins with ethnographic observations from interactions in the Virtual Math Teams environment.  These observations lead to hypotheses that can be tested in high internal validity environments such as lab and classroom studies.  These studies help us to confirm causal connections between stimuli and subsequent effects, between which we observe a correlational relationship in our earlier ethnographic analyses.  Discovered causal connections can then form the basis for the design of full-scale interventions that can then be prototyped and tested in the Virtual Math Teams environment.  These investigations can eventually serve both as a test of the generality and robustness of findings from the lab and classroom studies as well as providing new insights that form the basis for new hypotheses that can then be tested in further cycles, although only a large-scale controlled study, as we propose for in the final year of the project, can provide definitive evidence in favor of an intervention.  In our three year project, we propose three complete cycles, ending with a carefully designed, large scale experimental study in the Virtual Math Teams environment to verify the effectiveness of the interventions we will develop in that environment, as detailed in Section 5.   

	4.2 Investigation of Contextual Variables in the VMT Environment 

	From lab and classroom studies where we are able to use pre and post tests, we are able to determine which types of interactions are more conducive to learning than others.  We have already conducted a series of successful classroom studies investigating questions related to the design of computer supported collaborative learning environments (Gweon et al., 2007; Wang et al., 2007; Kumar et al., 2007-a; Kumar et al., 2007-b; Chaudhuri et al., to appear; Kumar et al., submitted-a).  One major question we address in the proposed naturalistic observations in the on-line VMT environment as well as the large-scale summative evaluation in that environment in year three is whether or to what extent we can use the same interventions in “the wild” to achieve the same effect on behavior that we observe in the lab or in the classroom. This behavior is directly observable from the logs we collect.  Thus, we can investigate these important questions about the effect of alternative interventions on collaborative behavior in the VMT setting even without pre and post tests. Specifically, what we seek to learn from our investigations in the on-line VMT environment is how the contextual variables that distinguish that environment from the lab and the classroom environments may interfere with or change the effects of interventions on student behavior.  Such variables include the time of the interaction (e.g., during school hours, in the evening, on the weekend, during the summer), location (co-located or distributed teams), reward structure (e.g., in class assignment, homework assignment, extra credit, or voluntary), group composition (e.g., same grade cohort, mixed grade/age), collaborative pre-disposition (e.g., students coming from schools where collaborative learning is encouraged and frequent versus schools where collaboration is not part of regular instruction), and experience in the environment (e.g., new to the on•line VMT environment versus having participated for a long time).  We will carefully keep track of this information about students and take them into consideration as we interpret findings from naturalistic observations used for hypothesis formation.  In order to test these hypotheses some of these variables will be manipulated in a quasi-experimental manner in the large-scale summative evaluation in year three. 

	4.3 Experimental Paradigm 

	All lab and classroom studies will use the following experimental paradigm. 

	Participants. Participants will be middle school children recruited through local newspapers or through their teacher and will be randomly assigned to pairs, which will then randomly be assigned to conditions. We recognize that many characteristics of students may interact with our experimental manipulations such as ability level of individual students, differences in ability level of students in pairs, gender of individual students as well as gender mix of pairs, level of interest and motivation of individual students. In order to accommodate this, we will recruit at minimum 20 pairs per condition in each study in an attempt to achieve a balance of all of these factors, and we will include these variables in our analyses.   

	Materials. All instructional materials including tests, questionnaires, and problem solving activities will be based on existing Math Forum materials, and will be adapted for studies by researchers both at CMU and the Math Forum working in close collaboration.  We will also seek guidance from the math coach who is our partner at Propel Charter School (See Section 6).  All collaborative work sessions except for controlled studies in year one will take place in the VMT environment described in Section 3.1. 

	Experimental Procedure.  We will strictly control for time in all experimental studies.  Each pair will participate in a single two hour session, which includes time for pre and post tests, in some studies a supplementary tutoring session, and group work.  In all cases, the experimental manipulation will take place during the group work segment. In studies with a supplementary tutoring segment prior to group work, students will also take a middle test prior to group work in order to separate learning from tutoring from learning during group work.  Pre, post, and middle tests will be isomorphic, and we will counter•balance the order of the tests in order to control for any potential differences in difficulty between tests, as in our prior work (Gweon et al., 2006; Gweon et al., 2007).  As in our previous studies, students will also take a questionnaire at the end of their participation to assess their perceptions of the collaboration, their attitudes toward their mathematical learning and the on-line learning environment overall. 

	Experimental Manipulation. Based on our previous experience, with 20 pairs per condition, we expect each lab study to require 6 weeks times the number of conditions.  Thus, a 4 condition study would require about 6 months to run. Allowing time for analysis of results and reflection in between experiments, we expect to run between 4 and 6 studies of this magnitude, or fewer larger studies, within the 3 years of the proposed work.  Each study will include a control condition with fully unsupported collaboration in order to obtain an accurate measure of the value of each intervention.  Some experimental manipulations, such as ones involving choices about which resources to provide students with, do not require sensitivity to the ensuing collaborative process, whereas others require detecting patterns of collaborative behavior that are indicative of trouble in the collaboration.  In early lab studies, as we are continuing to extend the capabilities of our automatic process analysis technology to the specific demands of our proposed work, interventions will be triggered using a Wizard-of-Oz setup as in (Gweon et al., 2006; Benzmueller et al., 2003), where an experimenter is watching the collaboration remotely and selecting interventions at key points in the process.  As the technology becomes reliable enough, we will replace the human intervention with automatic triggering of interventions. 

	Process Analyses. As in our prior studies of collaborative learning, in addition to analyses of test and questionnaire data, we will explore the collaborative process through analysis of the chat logs collected during group work (Meier et al., submitted; Weinberger & Fischer, 2006; Strijbos, 2004; Lally & De Laat, 2002).  Variables related to group process such as amount of deep explanation behavior, help seeking and help provision behavior will be analyzed both as ends in themselves, i.e., examining the effect of our experimental manipulations on patterns of communication, but also as mediating variables in our comparisons of pre to post test gains and questionnaire findings. 

	Prior to each formal study, we will run several pilot testing sessions for each new condition in order to fine-tune our execution of our experimental manipulation. 

	4.4 Example study: Eliciting Helping Behavior with Dynamic Prompts 

	In our previous investigations with middle school students, we have observed that one area of needed support in collaborative problem solving is supporting the generation of explanations.  We can offer some non-interactive support for this by means of fully worked out examples that include explanations, glossaries that define technical terms required for understanding the problems, and examples of clear explanations contrasted with unclear explanations.  This type of support is in the spirit of the type of non•adaptive support for collaboration offered to students in state-of-the-art collaborative learning environments.  What we propose to investigate that builds upon this prior work is the interaction between these non-adaptive forms of support and an adaptive form of support similar to the prompts used in our prior exploration of adaptive prompting with college aged students (Gweon et al., 2006).  In that study, the adaptive support we offered students instructed them when to offer help but not how to offer help. But with middle school students (Gweon et al., 2007), we observed that students sometimes realized they should offer help but were not able to. 

	Thus, our first lab study we will contrast Non-adaptive support versus No support versus Non-Adaptive support versus Adaptive support (in the form of simple adaptive prompting as in (Gweon et al., 2006)). The purpose of the tutorial dialogue agents will be to scaffold the process of constructing an explanation by drawing the explanation out of a student step by step. We hypothesize that students will be better equipped to offer help in the Non-adaptive support condition than in the No Non-adaptive support condition, but may not be significantly more likely to attempt to offer help unless they have the additional support of the Dynamic support agents.  We further hypothesize that low ability students will benefit more from the more elaborate form of Adaptive support than high ability students.  

	Here’s an example knowledge construction dialogue agent, which can be used to deliver concept specific help.  This is an example of the type of dialogue agent that can be authored using our development tools in under an hour (Cui et al., to appear; Jordan et al., 2007; Gweon et al., 2005-b), and which could be used for this study as a form of support for collaborative problem solving.  Note that both students have the opportunity to participate in the conversation, and the agent offers students the opportunity to practice explaining math concepts with coaching.  The goal of the conceptual dialogues is to encourage students to think about the ideas behind the fraction arithmetic problems. 

	Tutor: Let’s think about why the flip and multiply strategy works.  Consider this: If I have 1 divided by 1/2, can I turn that into something divided by 1?. If I want to turn the denominator, which is 1/2, into 1, what do I need to do to it?  

	Student1: I don’t know how.  

	Tutor: You need to multiply by two. And after you do that, what do I have to do to the numerator? 

	Student1: also multiply by 2 

	Tutor: Right. When you multiply the numerator and denominator of the problem by the denominator of the fraction that is the denominator of the problem, you see a simpler version of the problem. So why does flipping and multiplying work? 

	Student2: what you’re doing is multiplying the numerator and denominator by the same number 

	Student1: ya, multiplying by the denominator of the bottom fraction 

	Tutor: Right.   So let's try another one. If I want to divide something by 2/3, what do I need to multiply the numerator and denominator by? 

	Student1: 2/3 

	Tutor: Right. You should continue to think about why it's 3/2.  

	 

	We estimate that we will need to author approximately 6-10 such dialogue agents for a weeklong study. Since the agents target general mathematic concepts rather than specific errors or specific math problems, they can be used in a variety of different contexts. 

	4.3 Subsequent Lab Studies 

	The series of studies that we run under this grant will build one on top of the other in terms of results. Thus, it is not possible to fully plan out the exact series of studies that we will run as we fine tune the design of our collaboration support approach and accumulate findings from study to study.  However, we have specific ideas about alternative follow-up studies planned after the initial one just mentioned.  For example, one question is whether our adaptive support should emphasize encouraging help providing behavior or help seeking behavior. Students may be more motivated to respond to a help request coming directly from their partner student rather than a request to offer help to that student when the request comes from a computer agent.  Furthermore, students may be more aware of the specifics of the need for help when the help request comes directly from the student who needs the help, and thus the manipulation of prompting help seeking behavior versus prompting help providing behavior may have an effect on the quality and specificity of the help that is offered.  A similar manipulation would be contrasting prompts that simply request that help be offered to the partner student versus prompts that refer to specific types of help or help on a specific topic when that request comes from a computer agent.  

	4.4 Evaluations in the VMT Environment 

	The computer-based tools developed under the proposed grant will be tested in naturalistic observations in the on-line VMT environment on a small scale throughout the 3-year project, and will be evaluated in a large-scale summative evaluation in the 3rd year of the project.  

	The tools will be used in five ways: 

	
		In early naturalistic trial cases in the VMT environment, rather than directly intervening in student collaboration, instead the assessment of the collaborative learning interactions provided by the automatic process analysis technology discussed in Sections 2.3 and 3.3 will be provided asynchronously to human mentors who provide feedback to students between student sessions. 

		In a few trial cases, mentors will be in the chat room while the students are interacting. The mentors will use real-time data from the tools to provide synchronous mentoring to the students.   

		As the tools become more reliable, the support agents will interact with students within the environment, but in a mode where human moderators can intercept the messages when necessary. 

		When the agents have reached an acceptable level of performance, real-time support from the tools in the style found most successful in our lab studies will be provided synchronously to the students themselves during collaboration. 

		In all cases, explorations in the VMT environment will be more naturalistic than in the lab and classroom settings.  Analysis of the naturalistic trial cases will mainly take the form of case studies. In the small scale evaluations in the VMT environment in the initial segment of the research project, brief interactions will be analyzed in detail to assess the impact of the data from the tools. Investigations in on-line settings cannot as easily be controlled and replicated to meet the requirements of traditional quantitative analysis. Therefore, qualitative interaction analysis is generally used in design-based research where conditions are changing as technology is redesigned and as the understanding of human participants also evolves (Design-Based Research Collective, 2003; Hutchins, 1996; Koschmann, Stahl, & Zemel, 2006; Maxwell, 2004).  We expect these observations to complement the more quantitative findings from our controlled investigations.  Their value comes from the highly externally valid insights we will gain. 



	As a final acid test of the technology, in the final year we will run a large-scale evaluation in the VMT environment. We will endeavor to conduct this evaluation under as realistic of circumstances, true to how the VMT environment typically operates, as possible while maintaining enough experimental rigor to obtain generalizable and robust results.  We will recruit students in the same way that students are typically recruited to participate in the VMT environment.  Students who agree to participate will be given a pretest to assess their level of competence with the subject material going in to the study. We will ensure that this VMT “sub-community” does not mix with the larger VMT community during the time of the study, but beyond that we will not dictate the frequency or timing of their interactions in the environment any differently than typical VMT students.  More specifically, there will be two such “sub-communities” for this study.  In the control condition “sub-community”, students will only receive the support that is currently offered in the VMT environment, specifically where limited support is offered by human moderators asynchronously. In the experimental condition, students will receive this support in addition to support by fully automatic support agents that will participate in all of their on-line interactions in the VMT environment for the duration of the study.  We will keep careful track of when and how long each participant is logged into the VMT environment so that we can take this into account in our analysis.  At the end of the study, students will take a post-test.  We compare conditions in terms of (1) pre to post test learning gains, (2) time on task, and (3) amount of observed helping behavior. 

	5. Research Plan Overview Integrating Research and Education 

	Rosé will oversee all work conducted at CMU, which includes basic research on automatic collaborative process analysis and interactive collaboration support delivery as well as lab and classroom studies. Stahl and Weimar will oversee all work conducted at Drexel University, which includes ongoing development of the VMT environment and conducting naturalistic observations on-line in the VMT environment.  The CMU and Drexel teams will collaborate closely to design studies that will take place in the VMT environment, as well as analyzing the data collected in those studies, culminating in a large summative evaluation in the VMT environment in the final year of the project.  The CMU and Drexel team will conduct phone conferences twice a month to coordinate their efforts.  The timeline of the proposed work will be organized around three cycles of the methodology proposed in Section 4: 

	Year 1. From the beginning of the project, all lab and classroom studies as well as the naturalistic VMT environment observations will be conducted using VMT-Basilica developed during our existing collaboration.  Early design experiments in the on-line VMT environment will use a hybrid methodology where the behavior of an automated agent is enhanced by the involvement of a human behind the agent as in (Rosé & Torrey, 2005).  At the same time, we will conduct the lab study proposed above in Section 4.4 using the existing VMT-Basilica framework.  The study described in Section 4.4 already builds on our prior results and observations, and thus is consistent with our proposed mixed methods methodology. In the second half of year 1, we will elaborate the VMT-Basilica framework based on findings, as well as using this analysis to plan the next cycle of experimentation. 

	Year 2.  During Year 2, in addition to running the next cycle of lab/classroom studies and observations in the VMT on-line environment, we will continue to extend the capabilities of our automatic collaborative learning process analysis technology in directions motivated by findings from earlier cycles of research. 

	Year 3.  The final year of the project will proceed as Year 2 except that in the final 6 months of the project we will conduct a large-scale summative evaluation study in the VMT on-line environment, as proposed in Section 4.4. 

	PIs Rosé and Stahl both teach courses in Computer Supported Collaborative Learning, which under this grant will be integrated into a single distributed course.  Both courses involve a significant project component, in which distributed teams of students from both universities will join forces to participate in the research. One such opportunity they will have will be to prototype dynamic collaborative learning support interventions using the tools provided by the Carnegie Mellon team, which will then be pilot tested in Drexel’s Virtual Math Teams environment.  Analysis of chat logs from Virtual Math Teams interactions, especially involving dynamic support agents, will also be a course activity. Thus, students in the courses will not only benefit by learning about the findings from the research, but they will also actively participate in the research.  Whereas the course at Drexel emphasizes a socio•cultural approach to computer supported collaborative learning, the course at Carnegie Mellon has more of a cognitive emphasis.  Thus, the distributed teams will provide an ideal environment for wrestling with issues on the frontier between these two communities and gaining greater insight into the deep connections between the social and cognitive foundations of collaborative learning.  

	Results from the proposed research will be presented in conferences and journals in the fields of computer supported collaborative learning, human-computer interaction, and computational linguistics. 

	6. Partnerships 

	We have an ongoing partnership with Propel Charter School in Homestead, Pennsylvania where we have run a Math Camp in summer of 2006 and subsequently ran an after school math club in order to collect data on math explanations and collaborative behavior from urban middle school kids in connection with the specific Math Forum materials we have used and plan to continue use in our studies.  This partnership provides one context where the CMU team will do outreach work using the on-line environment that provides support to students outside the classroom as part of this project.  See letter of support from Propel Charter School’s math coach, Ariane Watson, written in support of an earlier proposal related to collaborative math problem solving that was not funded but nevertheless served as a stimulus for beginning to build this partnership in anticipation of an eventual funded research project. 

	The Math Forum at Drexel University, run by Co-PI Steve Weimer, manages a website (http://mathforum.org) with over a million pages of resources related to mathematics for middle school and high school students. This resource actively provides mathematics instruction to the full gamut of American students, but specifically targeting a very significant segment of low income and minority students. A leading online resource for improving math learning, teaching and communication since 1992, it is now visited by over a million different visitors a month. A community has grown up around this site, including teachers, mathematicians, researchers, students and parents using the power of the Web to learn math and improve math education. Studies of site usage show that students have fun and learn a lot; that educators share ideas and acquire new skills; and that participants become more engaged over time. 

	7. Results from Prior NSF Funding 

	Rosé has supervised NSF DRL-REESE/SGER-0723580 (Exploring Adaptive Support for Virtual Math Teams, $49,999.00,July 2007- June 2008).  This SGER project provided strategic funds to develop and pilot test the VMT-Basilica environment described earlier in this proposal (Cui et al., in press; Kumar et al., submitted-a; Kumar et al., submitted-b; Chaudhuri et al., to appear).  It builds on Rosé’s earlier research supported by NSF EHR/SGER-0411483 (REC: Calculategy: Exploring the Impact of Tutorial Dialogue Strategy in Shaping Student Behavior in Effective Tutorial Dialogue for Calculus). This SGER project provided the foundational research towards the concept of adaptive collaboration support that this proposal is built upon (Gweon et al., 2005; Gweon et al., 2006; Kumar et al., 2007a; Kumar et al., 2007b; Wang et al., 2007). The most successful of these early studies (Kumar et al., 2007a) demonstrated that students working in pairs with adaptive support provided by tutorial dialogue agents learn 1.24 standard deviations more than students working alone without this support.  Other publications from this work include foundational work for the subsequent TagHelper tools project (Gweon et al., 2005b), with subsequent work and downloadable toolkit at http://www.cs.cmu.edu/~cprose/TagHelper.html, which has a user base of over 350 users in over 30 countries. 

	CoPIs Weimar and Stahl have jointly supervised the Virtual Math Teams (VMT) project at Drexel University. NSF DUE 0333493 Collaboration Services, $450,000, August 2003 to July 2005, NSF REC 0325447 Catalyzing & Nurturing Online Workgroups, $2,299,978, September 2003 to August 2008. Virtual Math Teams (VMT), led by Gerry Stahl, Drexel University, College of Information Science and Technology, Steve Weimar, Director of The Math Forum @ Drexel, and Wes Shumar, Associate Professor, Culture and Communication, Drexel University: The VMT Project investigates issues of online collaborative mathematics problem solving by extending the Math Forum’s popular “problem of the week” service for use by small groups of students. These issues include the pedagogy of online collaborative learning of school mathematics, the design of appropriate software and the methodology of empirical research in such settings. The VMT project has produced about 80 publications in journals, conferences and books (http://vmt.mathforum.org/vmt/researchers/publications.html). Six PhD dissertations are underway analyzing project data. 
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Introduction

	T


	he purpose of this volume is to share the proposals that I have made for research, including first of all those that have been funded and have allowed me to engage in an active research agenda, both at the University of Colorado in Boulder as a Research Professor and at Drexel University in Philadelphia as an Associate Professor and Full Research Professor. 

	Note in 2021: I have added some proposals I wrote during retirement as Chair of the Salt Marsh Task Force of the Chatham Conservation Foundation. To make room for these, I have deleted the texts of proposals that were not funded at Colorado and Drexel, although I still list them in this Introduction with links to the full texts.

	I have also included a small number of proposals that I felt should have been funded; these document ideas that I was working on at the time they were written, but ultimately represent roads not taken. They were modest (more or less) proposals for promising, but unfulfilled, research potentials. Perhaps they document stages in the development of my thinking not otherwise visible; perhaps they will inspire a reader to pursue an otherwise forgotten trail of inquiry.

	Writing effective, competitive grant proposals is a delicate business. First, one has to conceive of a program of research that one would like to undertake and that is reasonable to attempt under the proposed conditions. Then, one must convince the funding source and their reviewers that the funding proposal should be accepted. This must be accomplished with a written document of restricted form, content and length.

	Preparing a proposal is a challenging writing task, requiring project planning, persuasive presentation and organized narrative. In many ways it is like writing a professional research report for a journal, such as one would compose near the end of the prospective funded project, but it needs to include more than just the concept, theory, literature review and analysis. It also needs to demonstrate why the person or group proposing is the right one to do the job and detail how the work is expected to be accomplished with the requested resources. In this publication, I only include the Proposal Summary, Proposal Description and Proposal References. The details of personnel and budget are too specific to be of interest to the reader.

	I attribute my success in grantsmanship to a number of stages in my life. Most likely, I honed my natural argumentation tendencies through a decade of study of philosophy (Stahl, 2010a; 2010b). But this left my writing style too abstruse for the practical world of grant funding. Once I had completed my doctoral study of philosophy, I returned to the streets of Philadelphia as a community organizer in the 1970s of the Great Society era of federal funding. My first proposal was awarded a million dollar grant to a network of neighborhood organizations to train unemployed residents in poor neighborhoods to start energy conservation, recycling and home repair projects. I later joined the Southwest Germantown Community Development Corporation as community planner and brought in dozens of federal, state, city and foundation grants over several years to support a local credit union, an energy conservation organization and neighborhood projects in youth employment, housing rehab and economic development. This taught me not only proposal writing, but project management, especially non-profit fund accounting and budgeting. Next, I provided technical assistance to non-profit organizations throughout Philadelphia and started a computerization service for them when the first personal computers came along, developing custom accounting and service tracking software.

	In 1989, I moved out West and studied computer science, artificial intelligence and cognitive science in Boulder (Stahl, 2010c). I helped writing proposals for the lab I was in and drafted the proposal that paid for my post-doc position. 

	After graduation, I worked with a small research start-up, drafting SBIR (federal small-business innovative research program) proposals for research in collaboration with firms and government agencies. I worked as VP for R&D, doing the programming for grants that were funded. The projects were in collaboration with the Boulder Department of Education and with the astronaut psychology group in NASA. Some of this research is reported in Group Cognition.

	I eventually became a Research Professor at the Institute of Cognitive Science and the Department of Computer Science. This meant that I had to raise my entire salary from grants, so I began writing proposals intensively. While I was awarded some relatively small grants, I never succeeded in the almost impossible job of supporting myself as a research professor.

	I went to work at a CSCW lab in Germany for a year and then joined the faculty of the College of Information Science and Technology (the iSchool) at Drexel University. There, I met the people at the Math Forum at Drexel and developed collaborations that resulted in successful grant proposals and productive research. My grants raised over six million dollars to support the VMT Project from 2003-2016.

	The following pages are organized in retrospective chronology, divided in five Parts:

	Part 0. Grants awarded at Chatham Conservation Foundation (2019-2021)

	
		“Restoration of the Founding Homestead of Chatham.” Proposal to the Community Preservation Committee (CPC) under the Chatham Community Preservation Act (CCPA). CPA-2017-20. December 28, 2018.

		“Frost Fish Creek Salt Marsh Preservation Studies.” Proposal to the Community Preservation Committee (CPC) under the Chatham Community Preservation Act (CCPA). CPA-2020-17. January 13, 2020.



	 

	
		“Frost Fish Creek Restoration Project Application to DER Priority Projects.” Proposal to the Massachusetts Division of Ecological Restoration (DER). CPA-2017-20. May 10, 2021.



	Part I. Grants awarded at Drexel University (2003-2010)

	
		“Computer-Supported Math Discourse Among Teachers and Students.” Supplementary award DRL-1448116 from the National Science Foundation Discovery Research K-12  (DR K-12) Program for $152,743 over 2 years on September 1, 2014. PI: Gerry Stahl; co-PI: Stephen Weimar. For programmer salary to develop VMT-mobile technology.

		“Computer-Supported Math Discourse Among Teachers and Students.” Supplementary award DRL-135021 from the National Science Foundation Discovery Research K-12  (DR K-12) Program for $120,000 over 3 years on September 1, 2013. PI: Gerry Stahl; co-PI: Stephen Weimar. For participant support of teacher stipends and student prizes.

		“Computer-Supported Math Discourse Among Teachers and Students.” Award DRL-1118773 from the National Science Foundation Discovery Research K-12  (DR K-12) Program for $1,800,000 over 5 years on September 1, 2011. PI: Gerry Stahl; co-PIs: Stephen Weimar, Jason Silverman, Michael Khoo, Sean Goggins; collaborative proposal with Rutgers, PI: Arthur Powell; other senior personnel: Andrea Forte, Jennifer Rode, Loretta Dicker, Annie Fetter, Tony Mantoan, Jay Scott. http://GerryStahl.net/publications/proposals/dr2011.pdf. 

		“Towards Optimization of Macrocognitive Processes: Automating Analysis of the Emergence of Leadership in Ad Hoc Teams.” Award N000141110221 from the Office of Naval Research Collaboration and Knowledge Interoperability (CKI) Program for $909,029 over 3 years on May 17, 2011. PI: Carolyn Rosé (CMU); co-PIs: Gerry Stahl, Sean Goggins, Emily Patterson (Ohio State), Marcela Borge (Penn State), John Carroll (Penn State), Andrew Duchon (Aptima). Proposal: http://GerryStahl.net/publications/proposals/onr2011.pdf.

		“Theories and Models of Group Cognition.” Award from the Office of Naval Research, Collaboration and Knowledge Interoperability (CKI) Program for $675,000 over 3 years starting November 12, 2009. PI: Gerry Stahl; co-PIs: Sean Goggins, Stephen Weimar and Carolyn Rosé (CMU). http://GerryStahl.net/publications/proposals/onr2009.pdf.

		“Dynamic Support for Virtual Math Teams.” Award DRL-0835383. Funded by the National Science Foundation Advanced Learning Technologies  (ALT) Program for $306,355 over 3 years on August 1, 2009. PI: Gerry Stahl; co-PI: Stephen Weimar; Collaborative proposal with Carolyn Rosé (CMU). http://GerryStahl.net/publications/proposals/alt2008.pdf. 

		“Exploring Adaptive Support for Virtual Math Teams.” Award DRL0723580. Funded by the National Science Foundation Research and Evaluation on Education in Science and Engineering (REESE) Program for $50,000 over 1 year on August 1, 2007. PI: Carolyn Rosé (CMU); consultant: Gerry Stahl. GerryStahl.net/publications/proposals/reese2007c.pdf.

		"Engaged Learning in Online Communities." Award SBE-0518477. Funded by the National Science Foundation Science of Learning Center Catalyst Program for $180,762 over 3 years on October 1, 2005. PI: Gerry Stahl; co-PIs: Sharon J Derry (Wisconsin); K. Ann Renninger (Swarthmore); Mary R Marlino (UCAR); Daniel D Suthers (Hawaii). Project description: GerryStahl.net/publications/proposals/slc2005.

		"IERI: Catalyzing & Nurturing Online Workgroups to Power Virtual Learning Communities." Award IERI 0325447. Funded by the National Science Foundation IERI Program for $2,300,00 over 5 years on September 1, 2003. PI: Gerry Stahl; co-PIs: Stephen Weimar and Wesley Shumar. Project description: GerryStahl.net/publications/proposals/itr2003

		"Collaboration Services for the Math Forum Digital Library." Award DUE 0333493. Funded by the National Science Foundation NSDL Services Program for $450,000 over 3 years on August 15, 2003. PI: Gerry Stahl; co-PIs: Stephen Weimar and Wesley Shumar. Project description and proposal reviews: GerryStahl.net/publications/proposals/nsdl2003 



	Part II. Other proposals at Drexel University (2003-2010)

	
		“Computer-Supported Math Discourse Among Teachers and Students.” Proposal DRL-1118773 to the National Science Foundation Discovery Research K-12  (DR K-12) Program for $3,500,000 over 5 years on January 6, 2011. PI: Gerry Stahl; co-PIs: Stephen Weimar, Jason Silverman, Mick Khoo, Sean Goggins; collaborative proposal with Rutgers, PI: Arthur Powell. http://GerryStahl.net/publications/proposals/dr2011.pdf. 

		“Towards Optimization of Macrocognitive Processes: Automating Analysis of the Emergence of Leadership in Ad Hoc Teams." Proposal to the Office of Naval Research Collaboration and Knowledge Interoperability (CKI) Program for $909,029 over 3 years on February 10, 2011. PI: Carolyn Rose (CMU); co-PIs: Gerry Stahl, Sean Goggins, Emily Patterson (Ohio State), Marcela Borge (Penn State), John Carroll (Penn State), Andrew Duchon (Aptima). Proposal: http://GerryStahl.net/publications/proposals/onr2011.pdf.

		“DR K-12: Computer-Supported Math Cognition Through Shared Visualizations and Collaborative Discourse.” Proposal DRL-6952834 to the National Science Foundation Discovery Research K-12  (DR K-12) Program for $3,500,000 over 5 years on January 7, 2010. PI: Gerry Stahl; co-PIs: Stephen Weimar, Jason Silverman, Mick Khoo, Sean Goggins; collaborative proposal with Rutgers, PI: Arthur Powell. http://GerryStahl.net/publications/proposals/dr2009.pdf. 

		“Theories and Models of Group Cognition.” Proposal to the Office of Naval Research Collaboration and Knowledge Interoperability (CKI) Program for $675,000 over 3 years on October 1, 2009. PI: Gerry Stahl; co-PIs: Sean Goggins, Stephen Weimar and Carolyn Rosé (CMU). http://GerryStahl.net/publications/proposals/onr2009.pdf.

		“Collaborative Knowledge Work in Social-Computational Systems.” Proposal 6952103 to the National Science Foundation SES – Science, Technology and Society (SES) Program for $747,599 over 3 years on September 21, 2009. PI: Michael Khoo; co-PIs: Gerry Stahl, Eileen Abels, Sean Goggins, Jiexun Li. http://GerryStahl.net/publications/proposals/ses2009.pdf. 

		“Multidisciplinary Curriculum Improvement and Innovation Using Software Defined Radio.” Proposal to the National Science Foundation Course, Curriculum, and Laboratory Improvement (CCLI) Program (Phase I — Exploratory). Submitted for $200,000 over 2 years on May 21, 2009. PI: Kapil Dandekar (Drexel ECE); co-PI: Gerry Stahl (Drexel).

		“Cyber-math: Developing mathematical reasoning through diverse collaborations.” Proposal to the National Science Foundation Research and Evaluation on Education in Science and Engineering (REESE) Program. Submitted for $995,571 over 3 years on November 21, 2008. PI: Arthur Powell (Rutgers, Newark); co-PI: Gerry Stahl (Drexel). http://GerryStahl.net/publications/proposals/cybermathREESE2008.pdf. 

		“Dynamic Support for Virtual Math Teams.” Proposal 0835426 to the National Science Foundation Advanced Learning Technologies  (ALT) Program for $306,355 over 3 years on April 25, 2008. PI: Gerry Stahl; co-PI: Stephen Weimar; Collaborative proposal with Carolyn Rosé (CMU). GerryStahl.net/publications/proposals/alt2008.pdf. 

		"CDI-Type II: Social Computing and Data Mining in Support of Inquiry-based STEM Learning." Preliminary proposal to the National Science Foundation Cyber-Enabled Discovery and Innovation (CDI) Program. Submitted for  $2,500,931 for 4 years on Jan. 1, 2008. PI: Xiaohua Hu; co-PIs: Gerry Stahl, Eileen Abels, Yuan An, Stephen Weimar.

		"CDI-Type I: Building a world of math discourse using a mix of platforms." Preliminary proposal to the National Science Foundation Cyber-Enabled Discovery and Innovation (CDI) Program. Submitted for $797,303 over 3 years on Jan.8, 2008. PI: Werner Krandick (Department of Computer Science, Drexel University); co-PI: Gerry Stahl (IST, Drexel).

		" DR-K12 R&D: STEM Inquiry Learning in the Internet Public Library and the Math Forum Model." Proposal to the National Science Foundation Discovery Research K-12 (DR K12) Program. Submitted for  $2,160,260 for 5 years on Jan. 28, 2008. PI: Deliah Neuman; co-PIs: Gerry Stahl, Tony Hu, Michael Khoo, Yuan An.

		"Increasing Helping Behavior in Collaborative Problem Solving in the Virtual Math Teams Environment." Proposal 735571 to the National Science Foundation Advanced Learning Technologies (ALT) Program. Submitted for $606,669 over 3 years on April 23, 2007. PI: Carolyn Rosé (CMU); co-PI: Gerry Stahl (Drexel) and co-PI: Stephen Weimar (Math Forum). GerryStahl.net/publications/proposals/alt2007.pdf.

		“Collaborative Research: Representations for Analyzing Collaborative Knowledge Construction in Technology-mediated Learning Environments.” Proposal 723505 to the National Science Foundation Research and Evaluation on Education in Science and Engineering (REESE) Program. Submitted for $249,062 over 3 years on January 29, 2007. PI: Gerry Stahl; co-PI: Stephen Weimar (Math Forum) and Alan Zemel (Culture & Communication). Collaborative proposal with Daniel Suthers (Hawaii) for $450,999 and Cindy Hmelo-Silver (Rutgers New Brunswick). GerryStahl.net/publications/proposals/reese2007a.pdf. 

		“eMath: Diverse High School Students Developing Mathematical Reasoning through Online Collaboration.” Proposal 723605 to the National Science Foundation Research and Evaluation on Education in Science and Engineering (REESE) Program. Submitted for $995,145 over 3 years on January 29, 2007. PI: Arthur Powell (Rutgers, Newark); co-PI: Gerry Stahl (Drexel) and Carolyn Maher (Rutgers). GerryStahl.net/publications/proposals/reese2007b.pdf. 

		“Exploring Adaptive Support for Virtual Math Teams.” SGER Proposal to the National Science Foundation Research and Evaluation on Education in Science and Engineering (REESE) Program. Submitted for $50,000 over 1 year on January 29, 2007. PI: Carolyn Rosé (CMU); consultants: Gerry Stahl and the Math Forum. GerryStahl.net/publications/proposals/reese2007c.pdf. 

		"Optimizing Feedback for Eliciting Pedagogically Valuable Explanation in Collaborative Problem Solving." Proposal to the National Science Foundation Advanced Learning Technologies  Program. Submitted for 2 years on May 15, 2006. PI: Carolyn Rosé (CMU); co-PIs: Stephen Weimar and Gerry Stahl. GerryStahl.net/publications/proposals/alt2006.pdf. 

		"Engaged Learning in Online Communities." Proposal to the National Science Foundation Science of Learning Center Catalyst Program. Submitted for $180,762 over 1.5 years on January 14, 2005. Proposal 0518477: GerryStahl.net/publications/proposals/engaged/description.pdf. 

		"Interaction Math: An Informal Online Learning Collaboratory Led by the Math Forum @ Drexel." Proposal to the National Science Foundation Informal Science Education  Program. Submitted for $2,933,126 over 5 years on January 6, 2005. PI: Gene Klotz (Math Forum); co-PIs: Gerry Stahl and Stephen Weimar. Proposal 0515544: GerryStahl.net/publications/proposals/informal/description.pdf. 

		"Studying Online Collaborative Learning at the Math Forum." Proposal 337162 to the National Science Foundation ROLE Program. PI: Gerry Stahl; co-PIs: Scott Robertson and Wesley Shumar. Submitted for $1,790,931 over 3 years on June 1, 2003. Proposal: GerryStahl.net/publications/proposals/role2003 

		"Collaboration Services for the Math Forum Digital Library." Proposal 333493 to the National Science Foundation NSDL Services Program. PI: Gerry Stahl; co-PIs: Stephen Weimar and Wesley Shumar. Submitted for $494,953 over 2 years on April 21, 2003. Proposal: GerryStahl.net/publications/proposals/nsdl2003 

		"Group Knowledge Construction in Digital Library Communities." Proposal to the National Science Foundation NSDL Targeted Research Program. Submitted for $498,748 over 2 years on April 21, 2003. PI: Scott Robertson; co-PIs: Gerry Stahl and Susan Weidenbeck. Proposal 0333471: GerryStahl.net/publications/proposals/nsdl2003b 

		"ITR: Catalyzing & Nurturing Online Workgroups to Power Virtual Learning Communities." Proposal to the National Science Foundation ITR Program. PI: Gerry Stahl; co-PIs: Stephen Weimar and Wesley Shumar. Submitted for $3,374,472 over 5 years on February 12, 2003. Proposal 0325447: GerryStahl.net/publications/proposals/itr2003 

		"Educational Online Communities for At-Risk Youth." Proposal to foundations. Written for $88,000 over 1 year in December 2002. Proposal: GerryStahl.net/publications/proposals/nursing2003/nursing.doc 



	Part III. Grants awarded at the University of Colorado (1997-2001)

	
		2001-2002: “Enhancing collaborative learning among researchers, practitioners, and students at CSCL 2002” (co-PI with Gerhard Fischer & Hal Eden) $49,860; 10/1/01-9/30/02. Sponsor: NSF. Proposal 124010.

		2000-2001: “New Media to Support Collaborative Knowledge-Building: Beyond Consumption and Chat” (Principal Investigator) $19,752; Sponsor: Lab for New Media Strategy and Design. Proposal: http://GerryStahl.net/publications/proposals/media/media.pdf. Results: http://www-jime.open.ac.uk/00/stahl/.

		1999-2000: "Interoperability among Knowledge Building Environments" (Principal Investigator) $9,124; Sponsor: Center for Innovative Learning Technology / SRI. Proposal: http://GerryStahl.net/publications/proposals/cilt99/proposal.pdf. Results: http://GerryStahl.net/xml. 

		1998-1999: "Collaborative Web-Based Tools for Learning to Integrate Scientific Results into Social Policy" (co-PI with Ray Habermann at NOAA) $89,338; Sponsor: NSF. Results: http://GerryStahl.net/publications/conferences/1999/group99/.

		1997-2000: “Conceptual Frameworks and Computational Support for Organizational Memories and Organizational Learning” (co-PI with Gerhard Fischer and Jonathan Ostwald) $725,000; Sponsor: NSF, Computation and Social Systems program. Proposal: http://GerryStahl.net/publications/proposals/omol. Results: GerryStahl.net/publications/journals/ai&society/AI&Soc.PDF.

		1997-2000: “Allowing Learners to be Articulate: Incorporating Automated Text Evaluation into Collaborative Software Environments” (primary author and primary software developer; PIs: Gerhard Fischer, Walter Kintsch and Thomas Landauer) $678,239; Sponsor: James S. McDonnell Foundation, Cognitive Science in Education Program. Proposal: http://GerryStahl.net/publications/proposals/mcdonnell. Results: http://GerryStahl.net/publications/journals/ile2000/ile.pdf.



	Part IV. Other proposals at the University of Colorado (1997-2001)

	
		“Enhancing collaborative learning among researchers, practitioners, and students at CSCL 2002” (co-PI with Gerhard Fischer & Hal Eden) $49,860; Sponsor: NSF. Proposal 124010:

		“New Media to Support Collaborative Knowledge-Building: Beyond Consumption and Chat” (Principal Investigator) Proposal to the Lab for New Media Strategy and Design. Submitted for $19,752 over 4 months on September 1, 2000. Proposal: http://GerryStahl.net/publications/proposals/media/media.pdf. 

		"Interoperability among Knowledge Building Environments" (Principal Investigator) $9,124; Sponsor: Center for Innovative Learning Technology / SRI. Proposal: http://GerryStahl.net/publications/proposals/cilt99/proposal.pdf. 

		"Collaborative Web-Based Tools for Learning to Integrate Scientific Results into Social Policy" (co-PI with Ray Habermann at NOAA) $89,338; Sponsor: NSF. 

		“Conceptual Frameworks and Computational Support for Organizational Memories and Organizational Learning” (co-PI with Gerhard Fischer and Jonathan Ostwald) $725,000; Sponsor: NSF, Computation and Social Systems program. Proposal: http://GerryStahl.net/publications/proposals/omol. 

		“Allowing Learners to be Articulate: Incorporating Automated Text Evaluation into Collaborative Software Environments” (primary proposal author and post-doc; PIs: Gerhard Fischer, Walter Kintsch and Thomas Landauer) $678,239; Sponsor: James S. McDonnell Foundation, Cognitive Science in Education Program. Proposal: http://GerryStahl.net/publications/proposals/mcdonnell. 

		"CSS: Perspectives on Collaboration: a Micro-ethnographic Study of Computational Perspectives in Computer Support for Collaborative Knowledge-Building at a Virtual Biology Laboratory." (Principal Investigator) Proposal 117630 to the National Science Foundation CSS  Program. Submitted for $307,718 over 3 years on February 15, 2001. Proposal: http://GerryStahl.net/publications/proposals/css2001/css2001.pdf.

		"ITR/PE (EHR): Information Technology for Distributed Collaborative Learning in a Virtual Biology Lab." (Principal Investigator) Proposal 112397 to the National Science Foundation ITR Program. Submitted for $472,610 over 3 years on January 18, 2001. Proposal: http://GerryStahl.net/publications/proposals/itr2001/proposal.pdf. 

		"ROLE proposal: The Role of Computational Cognitive Artifacts in Collaborative Learning and Education" (Principal Investigator) Proposal 106950 to the National Science Foundation ROLE Program. Submitted for $970,971 over 3 years on December 1, 2000. Proposal: http://GerryStahl.net/publications/proposals/role/role.pdf. 

		"ROLE Pre-proposal: The Role of Computational Cognitive Artifacts in Collaborative Learning and Education" (Principal Investigator) Proposal 96877 to the National Science Foundation ROLE Program. Submitted for $750,000 over 3 years on September 1, 2000. Encouraged full submission. Proposal: http://GerryStahl.net/publications/proposals/role/role2pre.pdf.  

		"ROLE Pre-proposal: Research on Collaboration in Learning and on Collaboration Technology in Education" (Principal Investigator) Proposal 83440 to the National Science Foundation ROLE Program. Submitted for $720,000 over 3 years on February 29, 2000. Encouraged full submission. Proposal: http://GerryStahl.net/publications/proposals/role/role1pre.pdf. 

		"ITR/IM: Perspectives on Collaborative Knowledge-Building" Proposal 82829 to the National Science Foundation ITR Program. (Principal Investigator) Submitted for $489,560 over 3 years on February 17, 2000. Proposal: http://GerryStahl.net/publications/proposals/itr_kbe/itr-kbe.pdf.   

		"IT Support for Knowledge-Building in Workgroups" (Principal Investigator) Proposal 82263 to the National Science Foundation CSS Program. Submitted for $399,190 over 3 years on February 15, 2000. Proposal: http://GerryStahl.net/publications/proposals/omol2000/OMOL.2000.pdf. 

		"Collaborative Research on Knowledge-Building Environments: Growing a National and International Research Community for Distance Learning Information Technology" (Principal Investigator) Proposal 77095 to the National Science Foundation. Pre-proposal submitted for $2,700,000 over 5 years on January 5, 2000. Proposal: http://GerryStahl.net/publications/proposals/collab/collab.pdf. 

		"Models for Organizing Collaboration: Ways of Supporting Distributed Learning" Proposal to Lotus Corporation. (Principal Investigator) Submitted for $68,000 over 1 year on January 18, 2000. Proposal: http://GerryStahl.net/publications/proposals/lotus/lotus.pdf.  

		"POW! Perspectives on the Web" (Principal Investigator) Proposal to the Colorado Advanced Software Institute (CASI). Submitted  for $40,000 over 1 year on November 30, 1999. Proposal: http://GerryStahl.net/publications/proposals/casi.

		"POW! Perspectives on the Web" (Principal Investigator) Proposal to Intel Corporation. Submitted  for $190,000 over 3 years on October 18, 1999. Proposal: http://GerryStahl.net/publications/proposals/intel.   

		"Research CyberStudio" (Principal Investigator) Internal research concept paper. Proposal: http://GerryStahl.net/publications/proposals/cyberstudio. 
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