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Complex design problems require more knowledge than any single person possesses because the knowledge relevant to a problem is usually distributed among stakeholders. Bringing different and often controversial points of view together to create a shared understanding among these stakeholders can lead to new insights, new ideas, and new artifacts. New media that allow owners of problems to contribute to framing and resolving complex design problems can extend the power of the individual human mind. Based on our past work and study of other approaches, systems, and collaborative and participatory processes, this article identifies challenges we see as the limiting factors for future collaborative human-computer systems. The Envisionment and Discovery Collaboratory (EDC) is introduced as  an integrated physical, and computational environment addressing some of these challenges. The vision behind the EDC shifts future development away from the computer as the focal point, toward an emphasis that tries to improve our understanding of the human, social, and cultural system that creates the context for use. This work is based on new conceptual principles that include creating shared understanding among various stakeholders, contextualizing information to the task at hand, and creating objects to think with in collaborative design activities. Although the EDC framework is applicable to different domains; our initial effort has focused on the domain of urban planning (specifically transportation planning) and community development.







                    References
                

	ABOWD, G. D., ATKESON, C. G., BROTHERTON, J., ENQVIST, T., GULLEY, P., AND LEMON, J. 1998. Investigating the capture, integration and access problem of ubiquitous computing in an educational setting. In Proceedings of the ACM Conference on Human Factors in Computing Systems (CHI '98, Los Angeles, CA, Apr. 18-23), M. E. Atwood, C.-M. Karat, A. Lund, J. Coutaz, and J. Karat, Eds. ACM Press/Addison-Wesley Publ. Co., New York, NY, 440-447.  Google Scholar[image: Google Scholar]
	ARIAS, E. 1989. The contingent nature of participation and housing research. J. Sociol. 10, 1-2, 81-99.Google Scholar[image: Google Scholar]
	ARIAS, E. G. 1984. Resident participation in public housing: A conceptual approach. In Georgraphy--Regional Science, Vogt and Mickle, Eds. ISA, Research Triange Park, NC, 131-138.Google Scholar[image: Google Scholar]
	ARIAS, E. G. 1995. Designing in a design community: Insights and challenges. In Proceedings of the ACM Symposium on Designing Interactive Systems: Processes, Practices, Methods, and Techniques (DIS '95, Ann Arbor, MI, Aug. 23-25), G. M. Olson and S. Schuon, Eds. ACM Press, New York, NY, 259-263.  Google Scholar[image: Google Scholar]
	ARIAS, E. G. 1996. Bottom-up neighborhood revitalization: Participatory decision support approaches and tools. Urban Stud. J. 33, 10, 1831-1848.Google Scholar[image: Google Scholar]
	ARIAS, E., EDEN, a., AND FISCHER, G. 1997. Enhancing communication, facilitating shared understanding, and creating better artifacts by integrating physical and computational media for design. In Proceedings of the Conference on Designing Interactive Systems: Processes, Practices, Methods, and Techniques (DIS '97, Amsterdam, The Netherlands, Aug. 18-20), I. McClelland, G. Olson, G. van der Veer, A. Henderson, and S. Coles, Eds. ACM Press, New York, NY, 1-12.  Google Scholar[image: Google Scholar]
	BANNON, L.J. 1995. The politics of design: Representing work. Commun. ACM 38, 9 (Sept. 1995), 66-68.  Google Scholar[image: Google Scholar]
	BROWN, J. S., DuGum, P., AND HAVmAND, S. 1994. Toward informed participation: Six scenarios in search of democracy in the information age. Aspen Inst. Q. 6, 4, 49-73.Google Scholar[image: Google Scholar]
	BRUNER, J. 1996. The Culture of Education. Harvard University Press, Cambridge, MA.Google Scholar[image: Google Scholar]
	CARROLL, J. M. AND ROSSON, M. B. 1987. Paradox of the active user. In Interfacing Thought: Cognitive Aspects of Human-Computer Interaction, J. M. Carroll, Ed. MIT Press, Cambridge, MA, 80-111. Google Scholar[image: Google Scholar]
	DRUCKER, P. F. 1994. The age of social transformation. Atlantic Mon. 274, 5, 53-80.Google Scholar[image: Google Scholar]
	EHN, P. 1988. Work-Oriented Design of Computer Artifacts. Almquist and Wiskell International, Stockholm, Sweden. Google Scholar[image: Google Scholar]
	EHN, P. AND L WGREN, J. 1997. Design for quality-in-use: Hman-computer interaction meets information system development. In Handbook of Human-Computer Interaction, M. G. Helander, T. K. Landauer, and V. Prabhu, Eds. Elsevier Science Publishers Ltd., Essex, UK, 299 -313.Google Scholar[image: Google Scholar]
	EHRLICH, K. 1998. A conversation with Austin Henderson. interactions 5, 6, 36-47.  Google Scholar[image: Google Scholar]
	EISENBERG, M., MACKAY, W., DRUIN, A., LEHMAN, S., AND RESNICK, M. 1996. Real meets virtual: blending real-world artifacts with computational media. In Proceedings of the CHI '96 Conference Companion on Human Factors in Computing Systems: Common Ground (CHI '96, Vancouver, British Columbia, Canada, Apr. 13-18), M. J. Tauber, Ed. ACM Press, New York, NY, 159-160.  Google Scholar[image: Google Scholar]
	ENGELBART, D. C. 1995. Toward augmenting the human intellect and boosting our collective IQ. Commun. ACM 38, 8 (Aug. 1995), 30-32.  Google Scholar[image: Google Scholar]
	ERICKSON, T., SMITH, D. N., KELLOGG, W. A., LAFF, M., AND BRANDER, E. 1999. A sociotechnical approach to design: Social proxies, persistent conversations, and the design of Babble. In Proceedings of the ACM Conference on Human Factors in Computing Systems (CHI '99, Pittsburgh, PA, May), ACM Press, New York, NY.  Google Scholar[image: Google Scholar]
	FISCHER, G. 1991. Supporting learning on demand with design environments. In Proceedings of the International Conference on the Learning Sciences (Evanston, IL), L. Birnbaum, Ed. Association for the Advancement of Computing in Education, Charlottesville, VA, 165-172.Google Scholar[image: Google Scholar]
	FISCHER, G. 1993. Beyond human computer interaction: Designing useful and usable computational environments. In Proceedings of the Conference on People and Computers VIII (HCI '93, Loughborough, England), Cambridge University Press, New York, NY, 17-31.Google Scholar[image: Google Scholar]
	FISCHER, G. 1994a. Domain-oriented design environments. J. Autom. Softw. Eng. 1, 2, 177-203.Google Scholar[image: Google Scholar]
	FISCHER, G. 1994b. Putting the owners of problems in charge with domain-oriented design environments. In User-Centerd Requirements for Software Engineering Environments, D. Gilmore, R. Winder, and F. Detienne, Eds. Springer-Verlag, Heidelberg, Germany, 297-306.Google Scholar[image: Google Scholar]
	FISCHER, G. 1994c. Turning breakdowns into opportunities for creativity. Knowl.-Based Syst. 7, 4, 221-232.Google Scholar[image: Google Scholar]
	FISCHER, G. 1998. Beyond "couch potatoes": From consumers to designers. In Proceedings of the 1998 IEEE Asia-Pacific Computer and Human Interaction Conference (APCHI '98), IEEE Computer Society Press, Los Alamitos, CA, 2-9. Google Scholar[image: Google Scholar]
	FISCHER, G. AND SCHARFF, E. 1998. Learning technologies in support of self-directed learning. J. Interact. Media Ed. 98, 4. Available via http://www-jime.open.ac.uk/98/4.Google Scholar[image: Google Scholar]
	FISCHER, G., GRUDIN, J., LEMKE, A., MCCALL, R., OSTWALD, J., REEVES, B., AND SHIPMAN, F. 1992. Supporting indirect, collaborative design with integrated knowledge-based design environments. Hum. Comput. Interact. 7, 3, 281-314.Google Scholar[image: Google Scholar]
	FISCHER, G., LEMKE, A. C., MCCALL, R., AND MORCH, A. I. 1996. Making argumentation serve design. In Design Rationale: Concepts, Techniques, and Use, T. P. Moran and J. M. Carroll, Eds. LEA computers, cognition, and work series. Lawrence Erlbaum Associates, Inc., Mahwah, NJ, 267-293. Google Scholar[image: Google Scholar]
	FISCHER, G., NAKAKOJI, K., OSTWALD, J., STAHL, G., AND SUMNER, T. 1998. Embedding critics in design environments. In Readings in Intelligent User Interfaces, M. T. Maybury and W. Wahlster, Eds. Morgan Kaufmann Publishers Inc., San Francisco, CA, 537-561. Google Scholar[image: Google Scholar]
	GALEGHER, J., KRAUT, R. E., AND EGIDO, C., Eds. 1990. Intellectual Teamwork: Social and Technological Foundations of Cooperative Work. Lawrence Erlbaum Associates, Inc., Mahwah, NJ. Google Scholar[image: Google Scholar]
	GIRGENSOHN, A. 1992. End-user modifiability in knowledge-based design environments. Ph.D. Dissertation. Department of Computer Science, University of Colorado at Boulder, Boulder, CO. Google Scholar[image: Google Scholar]
	GOODWIN, C. AND HERITAGE, J. 1990. Conversational analysis. Ann. Rev. Anthropol. 19, 283-307.Google Scholar[image: Google Scholar]
	GREENBAUM, J. AND KYNG, M., Eds. 1991. Design at Work: Cooperative Design of Computer Systems. Lawrence Erlbaum Associates, Inc., Mahwah, NJ. Google Scholar[image: Google Scholar]
	GRUmN, J. 1989. Why groupware applications fail: Problems in design and evaluation. Off. Tech. People 4, 3, 245-264.Google Scholar[image: Google Scholar]
	GRUmN, J. 1994. Groupware and social dynamics: Eight challenges for developers. Commun. ACM 37, I (Jan. 1994), 92-105.  Google Scholar[image: Google Scholar]
	HELANDER, M. G., LANDAUER, T. K., ANn PRABHU, V., Eds. 1997. Handbook of Human- Computer Interaction. 2nd ed. Elsevier Science Publishers Ltd., Essex, UK. Google Scholar[image: Google Scholar]
	HUTCHINS, E. 1994. Cognition in the Wild. MIT Press, Cambridge, MA.Google Scholar[image: Google Scholar]
	ILLICH, I. 1971. Deschooling Society. Harper and Row Publishers, Inc., New York, NY.Google Scholar[image: Google Scholar]
	ISHn, H. ANn KOBAYASHI, M. 1992. ClearBoard: A seamless medium for shared drawing and conversation with eye contact. In Proceedings of the ACM Conference on Human Factors in Computing Systems (CHI '92, Monterey, CA, May 3-7), P. Bauersfeld, J. Bennett, and G. Lynch, Eds. ACM Press, New York, NY, 525-532.  Google Scholar[image: Google Scholar]
	ISHII, H. AND ULLMER, B. 1997. Tangible bits: Towards seamless interfaces between people, bits and atoms. In Proceedings of the ACM Conference on Human Factors in Computing Systems (CHI '97, Atlanta, GA, Mar. 22-27), S. Pemberton, Ed. ACM Press, New York, NY, 234-241.  Google Scholar[image: Google Scholar]
	JORDAN, B. AND HENDERSON, A. 1995. Interaction analysis: Foundations and practice. J. Learn. Sci. 4, 1, 39-103.Google Scholar[image: Google Scholar]
	JUNG, V., ARIAS, E. G., AND CATHERINE, G. 1995. Design of integrated decision support tools for sustainable environmental planning. GRIS No. 94-3. Darmstadt University of Technology, Darmstadt, Germany.Google Scholar[image: Google Scholar]
	LAVE, J. 1988. Cognition in Practice. Cambridge University Press, New York, NY.Google Scholar[image: Google Scholar]
	MACKAY, W. E. 1992. Co-adaptive systems: Users as innovators. In CHI '92 Basic Research Symposium, ACM, New York, NY.Google Scholar[image: Google Scholar]
	MORAN, T. P. AND CARROLL, J. M., Eds. 1996. Design Rationale: Concepts, Techniques, and Use. LEA computers, cognition, and work series. Lawrence Erlbaum Associates, Inc., Mahwah, NJ. Google Scholar[image: Google Scholar]
	MORAN, T. P., VAN MELLE, W., AND CHIU, P. 1998. Tailorable domain objects as meeting tools for an electronic whiteboard. In Proceedings of the 1998 ACM Conference on Computer- Supported Cooperative Work (CSCW '98, Seattle, WA, Nov. 14-18), S. Poltrock and J. Grudin, Eds. ACM Press, New York, NY, 295-304.  Google Scholar[image: Google Scholar]
	MYERS, B.A. 1998. A brief history of human-computer interaction technology, interactions 5, 2, 44-54.  Google Scholar[image: Google Scholar]
	NAKAKOJI, K., YAMAMOTO, Y., TAKADA, S., AND GROSS, M. 1998. From critiquing to representational talkback: Computer support for revealing features in design. Knowl.-Based Syst. J. 11, 7-8, 457-468.Google Scholar[image: Google Scholar]
	NARDI, B.A. 1993. A Small Matter of Programming: Perspectives on End User Computing. MIT Press, Cambridge, MA. Google Scholar[image: Google Scholar]
	NARDI, B. A. AND ZARNER, C. 1993. Beyond models and metaphors: Visual formalisms in user interface design. J. Visual Lang. Comput. 4, 5-33.Google Scholar[image: Google Scholar]
	NEWELL, A. AND CARD, S. K. 1985. Psychological science in human-computer interaction. Human-Comput. Interact. 1, 3, 209-242.Google Scholar[image: Google Scholar]
	NORMAN, D.A. 1990. Why interfaces don't work. In The Art of Human-Computer Interface Design, B. Laurel, Ed. Addison-Wesley, Reading, MA, 209-219.Google Scholar[image: Google Scholar]
	NORMAN, D.A. 1993. Things That Make Us Smart: Defending Human Attributes in the Age of the Machine. Addison-Wesley Longman Publ. Co., Inc., Reading, MA. Google Scholar[image: Google Scholar]
	OLSON, G. M. AND OLSON, J. S. 1997. Research on computer supported cooperative work. In Handbook of Human-Computer Interaction, M. G. Helander, T. K. Landauer, and V. Prabhu, Eds. Elsevier Science Publishers Ltd., Essex, UK, 1433-1456.Google Scholar[image: Google Scholar]
	PCSD. 1996. Sustainable America: A new consensus for prosperity, opportunity, and a healthy environment for the future. President's Council on Sustainable Development, Washington, D.C.Google Scholar[image: Google Scholar]
	PITAC. 1999. Information technology research: Investing in our future. National Coordination Office for Computing, Information, and Communications, Arlington, VA.Google Scholar[image: Google Scholar]
	POLANYI, M. 1996. The Tacit Dimension. Doubleday, New York, NY.Google Scholar[image: Google Scholar]
	RAYMOND, E. S. 1998. The cathedral and the bazaar. Available at http://www.tuxedo.org/-esr/ writings/cathedral-bazaar/cathedral-bazaar.html. Google Scholar[image: Google Scholar]
	REPENNING, A. AND AMBACH, J. 1996. Tactile programming: A unified manipulation praadigm supporting program comprehension. In Proceedings of the IEEE Symposium on Visual Languages (VL '96), IEEE Computer Society Press, Los Alamitos, CA, 102-109. Google Scholar[image: Google Scholar]
	REPENNING, A. AND SUMNER, T. 1995. Agentsheets: A medium for creating domain-oriented visual programming languages. IEEE Computer 28, 3, 17-25.  Google Scholar[image: Google Scholar]
	RESNICK, L. B., LEVINE, J. M., AND TEASLEY, S. D., Eds. 1991. Perspectives on Socially Shared Cognition. American Psychological Association, Washington, DC.Google Scholar[image: Google Scholar]
	RITTEL, H. 1984. Second generation design methods. In Developments in Design Methodology John Wiley and Sons, Inc., New York, NY, 317-327.Google Scholar[image: Google Scholar]
	RITTEL, H. AND WEBBER, M. M. 1984. Planning problems are wicked problems. In Developments in Design Methodology John Wiley and Sons, Inc., New York, NY, 135-144.Google Scholar[image: Google Scholar]
	ROGGOFF, B., MATUSOV, E., AND WHITE, C. 1988. Models of teaching and learning: Participation in a community of learners. In The Handbook of Education and Human Development, D. R. Olson and N. Torrance, Eds. Blackwell Publishers, Inc., Cambridge, MA, 388-414.Google Scholar[image: Google Scholar]
	SCARDAMALIA, M. AND BEREITER, C. 1994. Computer support for knowledge-building communities. J. Learn. Sci. 3, 3, 265-283.Google Scholar[image: Google Scholar]
	SCH N, D. 1992. Designing as reflective conversation with the materials of a design situation. Knowl.-Based Syst. J. 5, 1, 3-14.Google Scholar[image: Google Scholar]
	SCH N, D.A. 1983. The Reflective Practitioner: How Professionals Think in Action. Basic Books, Inc., New York, NY.Google Scholar[image: Google Scholar]
	SmON, H.A. 1996. The Sciences of the Artificial. 3rd ed. MIT Press, Cambridge, MA. Google Scholar[image: Google Scholar]
	SNOW, C. P. 1993. The Two Cultures. C.P. Cambridge University Press, New York, NY.Google Scholar[image: Google Scholar]
	STAHL, G. 1999. WebGuide: Guiding collaborative learning on the Web with perspectives. In Proceedings of the Annual Conference of the American Educational Research Association (AERA '99, Montreal, Canada),Google Scholar[image: Google Scholar]
	STREITZ, N. A., GEIBLER, J.-R., HAAKE, J.-R. M., AND HOL, J. 1994. DOLPHIN: Integrated meeting support across local and remote desktop environments and LiveBoards. In Proceedings of the ACM Conference on Computer-Supported Cooperative Work (CSCW '94, Chapel Hill, NC, Oct. 22-26), J. B. Smith, F. D. Smith, and T. W. Malone, Eds. ACM Press, New York, NY, 345-358.  Google Scholar[image: Google Scholar]
	STREITZ, N. A., GEIBLER, J., HOLMER, T., KONOMI, S. I., M LLER-TOMFELDE, C., REISCHL, W., REXROTH, P., SEITZ, P., AND STEINMETZ, R. 1999. i-Land: An interactive landscape for creativity and innovation. In Proceedings of the ACM Conference on Human Factors in Computing Systems (CHI '99, Pittsburgh, PA, May), ACM Press, New York, NY, 120-127.  Google Scholar[image: Google Scholar]
	THOMAS, J. C. AND KELLOGG, W.A. 1989. Minimizing ecological gaps in interface designT. IEEE Software 6, I (Jan.), 78-86.  Google Scholar[image: Google Scholar]
	WEISER, M. 1991. The computer for the 21st century. Sci. Am. 265, 3 (Sept.), 94-104.Google Scholar[image: Google Scholar]
	WEISER, M. 1993. Some computer science issues in ubiquitous computing. Commun. ACM 36, 7 (July), 75-84.  Google Scholar[image: Google Scholar]



  
    
      Cited By
View all
    

      [image: ]

      

  















    
    
        
        



        
        









    
    
        
        



        
        Index Terms


        

    


	Transcending the individual human mind—creating shared understanding through collaborative design
	Applied computing

	Law, social and behavioral sciences





	Computing methodologies

	Computer graphics





	Human-centered computing

	Collaborative and social computing



	Human computer interaction (HCI)





	Information systems

	Information retrieval



	Information storage systems



	Information systems applications

	Multimedia information systems







	Software and its engineering

	Software creation and management

	Designing software

	Software implementation planning

	Software design techniques







	Software development process management












        

    











    
    
        
        



        
        

        

    





        
         Recommendations
 





        
        	Enhancing communication, facilitating shared understanding, and creating better artifacts by integrating physical and computational media for design
DIS '97: Proceedings of the 2nd conference on Designing interactive systems: processes, practices, methods, and techniques  
Read More


	Understanding collaborative learning activities in an information ecology

		Handheld devices, social networks and projections formed an information ecology.Combine physical and digital tools to support collaborative design activities.Understand interactions among learners, tasks and tools via distributed cognition.Use DICOT to ...


Read More


	Mutual awareness in collaborative design: An Augmented Reality integrated telepresence system

		Remote collaboration has become increasingly important and common in designers' working routine. It is critical for geographically distributed designers to accurately perceive and comprehend other remote team members' intentions and activities with a ...


Read More















    
    
        
        



        
        









    
    
        
        



        
        Reviews



    
		Reviewer:  Joseph L. Podolsky
	

	
         The authors have organized this overview into five parts. After a brief introduction, they devote Part 2 to a summary of challenging problems for the future of human-computer interaction. While there is little original work in this section, the authors have done a fine job of selecting and organizing current research so that readers may gain an excellent overview of this important, complex, and rapidly evolving subject.  
 Just the subtitles in Part 2 are tantalizing. For example, section 2.2 is “Exploiting the Symmetry of Ignorance.“ The term “symmetry of ignorance,” first proposed by H. Rittel in a 1984 book, refers to the resolution of problems emerging from tacit knowledge carried in the minds of individual stakeholders. The symmetry of ignorance requires the creation of spaces and places that serve as boundary objects (shared objects to talk about and think with).  
 Part 3 describes the Envisionment and Discovery Collaboratory (EDC) collaborative design tool constructed by the authors. They detail a neighborhood planning process that used this tool. The EDC is novel in that it separates an action space, in which people simulate their individual needs and wants, from a “reflection space” that encourages more abstract discussion and that helps resolve problems and conflicts that were discovered in the action space.  
 In addition to describing this specific EDC experiment, Part 3 discusses the architecture of the EDC process in general, and the way that action and reflection can be integrated to move toward a collaborative resolution of issues.  
 Part 4 discusses the assessment of human-computer interaction activities, focusing, of course, on assessment of EDC processes. The EDC is an open system where the outcomes are unforeseeable, so assessment has a strong subjective element, determined primarily by the reactions of the participants.  
 Part 5 is a proposal for future work. Specifically, the authors suggest that the EDC process be studied in various contexts, especially in those where there are many possible outcomes, rather than binary decisions.  
 Readers who are actively engaged in human-computer interaction projects will find the whole article useful, but even those of us with just a general interest in the topic, simply because we are humans who interact with computers, will find insights here, especially in the background material in Part 2. 
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