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Overview

· Questionnaire — to address your concerns
· Basic Message — the “take-home” message
· Human-Computer Interaction: Past and Present ( Future
· Design and Collaborative Design: A Science of Design
· Social Creativity: Transcending the Individual Human Mind 

· Meta-Design: Putting Owners of Problems in Charge
· Implications and Conclusions

More Information

· see bibliography at the end

· web-based resources:

· my home page: http://l3d.cs.colorado.edu/~gerhard/
· my publication page: http://l3d.cs.colorado.edu/~gerhard/papers.html 
(with PDF files)

· acknowledgements: a big thank-you to all the researchers and PhD students in L3D who have made major contributions and developed the systems presented in this tutorial 
The Basic Message

HCI Themes of the Future

· beyond 

· design ( collaborative design

· productivity and individual creativity( social creativity

· user-centered  and participatory design ( meta-design

· objective: 

provide frameworks, languages, concepts, systems (as objects to talk about and to criticize) for new, innovative socio-technical environments in which owners of problems are in charge and empowered and motivated to collaborate

L3D’s Research Focus and Intellectual Identity 

· Artificial Intelligence (AI) ( Intelligence Augmentation (IA)
· replacement 
( empowerment
· emulate

( complement (exploit unique properties of new media)
· instructionist learning ( constructionist learning
· learning about 



( learning to be
· when the answer is known 
( when the answer is not known 
· individual ( social (distributed intelligence, social creativity)
· knowledge in the head
( knowledge in the world 

· within cultures


( across cultures
· generic ( specific 
· design

( meta-design (adaptive, adaptable, situated)
· general 

( customization, personalization
· desktop ( ubiquitous computing
· “gift-wrapping” with new media ( co-evolution of media and new theories about thinking / working / learning / collaborating 
L3D’s Methodology: An Integrated Approach
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Part 1: HCI: Past and Present ( Future
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The ‘Old’ Days — The Human-Computer Dyad
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Knowledge-Based HCI: 
Broader Explicit and Implicit Communication Channel
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An Early Vision

source: Grudin, J. (1990) "The Computer Reaches Out: The Historical Continuity of Interface Design." Proceedings of CHI'90 Conference, pp. 261-268
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Figure 1. The five foci of interface development.





Time Frames in HCI

source: Newell, A. & Card, S. K. (1985) "The Prospects for Psychological Science in Human-Computer Interaction," Human-Computer Interaction, 1(3), pp. 209-242
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Producer/Consumer Models in a Consumer Culture (“Access”) 

· Strong Input Filters, Small Information Repositories, Weak Output Filters

· Limitation: Making All Voices Heard

[image: image5.png]



[image: image6.png]Key

professional designer (=) activeuser () passive user
or content editor





Producer/Consumer Models in Design Culture (“Informed Participation”)

· Weak Input Filters, Large Information Repositories, Strong Output Filters 

· Limitation: Trust and Reliability of Information
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Example: CHI versus HCII Conferences 
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A Layered Architecture Supporting 
Human Problem Domain Interaction
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Beyond the Unaided, Individual Human Mind
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Part 2: Design and Collaborative Design

· Design: Beyond Binary Choices

· Domain-Oriented Design

· Role of Successes and Failures in Design

· Different Design Approaches

· Example: Domain-Oriented Design Environments

 Design and Collaborative Design

· natural science (( design:

· natural science: how things are 
· primary interest: analysis

· examples: physics, chemistry

· design: how things ought to be (Herbert Simon “Sciences of the Artificial”)

· primary interest: synthesis

· examples: engineering, medicine, business, architecture, painting, universities, cognitive artifacts, notations

· design problems are
· complex ( requiring social creativity in which  stakeholders from different disciplines have to collaborate 
· ill-defined ( requiring the integration of problem framing and problem solving
· have no (single) answer ( requiring argumentation support
· unique (“a universe of one”) ( requiring learning when the answer is not known
Definition of “Artificial”

· Definition of "artificial": human-made as opposed to natural

· questions: where does mathematics / computer science / biology belong too?
· claims by Herbert Simon:

· the world in which we live in today is much more a human-made, or artificial, world than it is a natural world 

· a plowed field is no more part of nature than an asphalted street — and no less

· Alan Kay (Scientific America, Sept 84, p 57)

“molecular biology has the advantage of studying a system already put together and working; for the composer of software the computer is like a bottle of atoms waiting to be shaped by an architecture he must invent and then impress from the outside”

Science of Design

· Definition: 

“Everyone designs who devise courses of action aimed at changing existing situations into preferred ones. The intellectual activity that produces material artifacts is no different fundamentally from the one that prescribes remedies for a sick patient or the one that devises a new sales plan for a company or a social welfare policy for a state” (Simon, “Sciences of the Artificial”)

· generic design — does it exist?

· design as an activity has a distinct conceptual and cognitive realization from non-design activities 

· it can be abstracted away from the particulars of the knowledge base of a specific task or discipline and studied in its own right

· HCI can learn a lot from other design disciplines:  architecture, urban planning, biology: evolution

· a new major research program of the Computer Science Directorate of the National Science Foundation (NSF): “Science of Design”
Design and Trade-Offs

· trade-offs are the most basic characteristics in design: they are universal
· there are no best solutions (“sweet-spots”) independent of goals and objectives 

· trade-offs are often characterized and conceptualized as binary choices representing the endpoints of a spectrum 

· example: 

atoms

(--------X---------------------------X-------------------( bits

physical artifacts









digital artifacts

Sweet Spots
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Integrating Binary Choices and Finding Partial Resolutions

	Choice-1
	Choice-2 
	Choice-3 (Partial Resolution)

	tool-based assistance
	agent-based assistance 
	domain-oriented design environments 

	generic (“Turing Tar Pit”)
	domain-oriented (over-specialized systems) 
	layered architectures

	descriptions, requirements
	emergence, evolution
	seeding, evolutionary growth, reseeding 

	serendipity
	relevancy to the task at hand
	provide both and let users choose 

	prescriptive
	permissive
	discipline  and agility

	individual 
	social
	integration of individual and social 

	communities of practice
	communities of interests 
	epistemological pluralism 

	consumers (focused on use)
	active contributors (focused on design)
	end-user development, 
meta-design  

	closed systems
	open systems
	socio-technical environments


Design: Beyond Binary Choices

· Turing Tar Pit: “Beware of the Turing Tar Pit, in which everything is possible, but nothing of interest is easy.” 

· why are current interactive programming environments, such as Logo, Smalltalk, Squeak, Agentsheets, ……  not sufficient for supporting meta-design?

· claim: level of representation is still too far removed from the conceptual world of the domain workers

· claim: they emphasize objective computability ( the challenge: subjective computability

· The Inverse of the Turing Tar Pit: “Beware of the over-specialized systems, where operations are easy, but little of interest is possible.”
· domain-specific tools (such as SimCity) provide extensive support for certain problem contexts

· the ability to extend these environments is limited — even minor incremental changes are often impossible in these systems

A Layered Architecture Creating New Divisions of Labor for Software Engineering
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Human Problem Domain Interaction — Pinball Construction Kit
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Human Problem Domain Interaction — Music Construction Kit
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SchemePaint (M. Eisenberg): a programmable application combining direct manipulation with interactive programming
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A Success Example of Design in Architecture
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Some Characteristics (Meta-Data)

· Architect: 



Jorn Utzon

· Location:



Sydney, Australia

· Date: 




1957 to 1973

· Building Type: 


opera house

· Construction System: 
tile-clad concrete and precast concrete

· Climate:



temperate

· Context:



urban waterfront

· Style:




Expressionist Modern

· Notes:
Great stairway, family of forms in spherical section roofs, pure curving shapes that across the harbor in great heroic harmony

Another Success Example of Design in Architecture
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Some Characteristics (Meta-Data)

· Architect:




Frank Gehry

· Location:




Bilbao, Spain

· Date:





1997

· Building Type:



art museum

· Construction System:

steel frame, titanium sheathing

· Climate: 




temperate

· Context:




urban

· Style:





Expressionist Modern

· Notes:




A free sculpture of curvaceous metal-clad forms 

To Engineer is Human
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The Tacoma Narrows Bridge

· The original Tacoma Narrow Bridge, at all stages of its short life, was very active in the wind. Its nickname of Galloping Gertie was earned from its vertical motions in even very modest winds. 

· Its collapse on November 7, 1940 attracted wide attention at the time and ever since, due in part to its capture on film.

· interesting book: 
Petroski, H. (1985) To Engineer Is Human: The Role of Failure in Successful Design, St. Martin's Press, New York.

Research Objective
—
A Library of the most interesting and unique HCI Systems

· how will the objects be presented (e.g.: building are more tangible, observable)

· in software systems: the essence is in their behavior, not in the structure or external appearance

Design Deals with Wicked or Ill-Defined Problems

· there is no definitive formulation of a wicked (ill-defined) problem — for any given tame (well-defined) problem, an exhaustive formulation can be stated containing all the information the problem-solver needs 

· Wicked problems have no stopping rule. In tame problems, problem solvers know when they have done the job. Problem solvers terminate work on a wicked problem, not for reasons inherent in the 'logic' of the problem

· solutions to wicked problems are not “true-or-false”, but “good-or-bad”
· every wicked problem is essentially unique
· the aim of design is not to find the truth, but to improve some characteristics of the world where people live
Ill-Defined Problems
—
The “McGuckin Hardware Store” Study

	· Research question: why is software reuse of a limited success?

· McGuckin:
· “if we do not have it — you do not need it”

· over 200,000 different items

· McGuckin Hardware has worked hard to provide the best service and the best selection for its customers

· Summary: 
· Software Reuse Libs have the same functionality as McGuckin, but are run as most large department stores (with no clerks / sales agents  to ask)
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Integration of Problem Framing and Problem Solving:
An Example from McGuckin Hardware Store
Customer: I want to get a couple of heaters for a downstairs hallway.

Sales Agent: What are you doing? What are you trying to heat?

Customer: I’m trying to heat a downstairs hallway.

Sales Agent: How high are the ceilings?

Customer: Normal, about eight feet.

Sales Agent: Okay, how about these here? 

(They proceed to agree on two heaters.) 

Customer: Well, the reason it gets so cold is that there’s a staircase at the end of the hallway.

Sales Agent: Where do the stairs lead?

Customer: They go up to a landing with a cathedral ceiling.

Sales Agent: OK, maybe you can just put a door across the stairs, or put a ceiling fan up to blow the hot air back down.

Complexity of Designs

from Dawkins, R. (1987) The Blind Watchmaker 
· biology is the study of complicated things that give the appearance of having been designed for a purpose

· physics is the study of simple things that do not tempt us to invoke design  

· treat complex human-made artifacts (e.g., computers, airliners, cars, books) as biological objects 

· the behavior of physical, non-biological objects is so simple that it is feasible to use existing mathematical language to describe it

· a complex thing is something whose constituent parts are arranged in a way that it is unlikely to have arisen by chance alone

The Shape of the Design: Hierarchy
—
The Problem of Modularity

· claim: to design a complex structure, one powerful technique is to discover viable ways of decomposing it into semi-independent components corresponding to its many functional parts. The design of each component can then be carried out with some degree of independence of the design of others, since each will affect the others largely through its function and independently of the details of the mechanisms that accomplish the function.

· examples:

· functional programming

· object-oriented programming

· rule-based systems

· nearly decomposable systems

Example: Domain-Oriented Design Environments

· rationale: recognize the legitimacy of specialization to a domain — do not serve all needs obscurely, serve a few needs well

· examples:

· kitchen design

· voice dialog design

· computer network design

· objectives:

· support human problem-domain interaction

· support reflection-in-action

· Movie: Janus System for Kitchen Design
A DODE for Kitchen Design: Construction
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A DODE for Kitchen Design: Argumentation
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A DODE for Computer Network Design
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VDDE: Voice Dialog Design Environment

a collaborative research project with USWest

(a major telecommunication company)
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Part 3: Social Creativity

· Creativity

· Social Creativity — Transcending the Individual Human Mind

· Distances and Diversity

· Envisionment and Discovery Collaboratory

Creativity —The “Wrong” Image?

“The Thinker” by Auguste Rodin
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Historical versus Psychological Creativity

· historical creativity  = ideas and discoveries that are fundamentally novel with respect to the whole of human history

· psychological creativity = ideas and discoveries in everyday work practice that are novel with respect to an individual human mind or social community 

· a capacity inherent to varying degrees in all people
· needed in most problem-solving situations
· knowledge workers and designers have to engage in creative activities to cope with the unforeseen complexities of real-world tasks

Human Creativity = f{Medium}
—
Why Software Engineers Should be Interested in Creativity and Creativity Support Tools

· Neil Postman, “Amusing Ourselves to Death” : 
“you cannot use smoke signals to do philosophy. Its form excludes the content” 

· claim: we cannot use most current computer systems to be creative

· challenge: design of socio-technical environments supporting creativity by allowing us
· to think previously unthinkable thoughts
· to do previously undoable actions, and 

· to explore previously unfeasible questions
Research in Creativity

· a timely and hot topic

· National-Research-Council (2003): “Beyond Productivity: Information Technology, Innovation, and Creativity”, National Academy Press, Washington, DC.

· workshop supported by the National Science Foundation, June 2005

http://www.cs.umd.edu/hcil/CST/
· conference “Creativity & Cognition”, June 2007

http://www.cs.umd.edu/hcil/CC2007/
· new program “CreativeIT: Creativity and IT”; National Science Foundation (2007)

CreativeIT
 Developing the Synergies between Research in Creativity and Computer and Information Science and Engineering
http://www.nsf.gov/pubs/2007/nsf07562/nsf07562.htm
· program description:
· information technology is playing an increasing role in extending the capability of human creative thinking and problem solving 

· creative uses of information technology are leading to new areas of research and innovation

· research areas:

· understanding creative cognition and computation

·  creativity to stimulate breakthroughs in science and engineering

· educational approaches that encourage creativity

·  supporting creativity with information technology 

A Wiki about the CreativeIT Program — Invitation to Participate

http://swiki.cs.colorado.edu:3232/CreativeIT
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Individual Creativity

· creative individuals can make a huge difference — for example: movie directors, champions of sports teams, and leading scientists and politicians

· individual creativity
· grounded in the unique perspective that an individual brings to bear in a specific problem 
· results from the life experience, culture, education, and background knowledge of an individual
· individual creativity has limits  

· in today’s society, the Leonardesque aspiration to have people who are competent in all of science fails because the individual human mind is limited (“symmetry of ignorance”)

· “an idea or product that deserves the label ‘creative’ arises from the synergy of many sources and not only from the mind of a single person” (Csikszentmihályi)

Individual Creativity

· fundamental beliefs:

· breakdowns as a source for creativity (“critiquing”)

· reflection-in-action (“making argumentation serve design”)

· our work:

· critiquing (increase the back-talk of the artifacts under construction)

· learning on demand

· domain-oriented design environments (DODEs)  = creativity enhancing environments

· empower skilled domain workers by bringing task to the front with the  support of human problem-domain interaction

· make information relevant to the task at hand

· seeding, evolutionary growth and reseeding (SER) process model (honor emerging phenomena)

Social Creativity

“The strength of the wolf is in the pack,
and the strength of the pack is in the wolf.”
Rudyard Kipling

· social creativity: requires designers not consumers — domain professionals, discretionary users, and competent practitioners worry about tasks and are motivated to contribute and to create good products 

· requires externalizations/oeuvres to serve as boundary objects
(see Bruner, J. (1996) “The Culture of Education”, Harvard University Press, Cambridge, MA)
· individual versus social creativity ( individual and social creativity

· not a binary choice 

· explore the relationship between the individual and the social 
(e.g., autonomy (( collective goals)
Symmetry of Ignorance

· the Renaissance scholar does not exist anymore — the individual human mind is limited (“the great individual” ( “the great group”)

· distinct domain of human knowledge exist ( of critical importance: mutual appreciation, efforts to understand each other, increase in socially shared cognition and practice (source: Snow, C. P. (1993) “The Two Cultures”, Cambridge University Press, Cambridge, UK) 

· create “boundary objects” / “bridge objects” ( shared objects 

· to “talk about” and to “think with” 

· to coordinate the perspectives of various constituencies for some purpose

The Fish-Scale Model for Social Creativity

· “collective comprehensiveness through overlapping patterns of unique narrowness” ( Campbell, D. T. (1969) "Ethnocentrism of Disciplines and the Fish-Scale Model of Omniscience." 
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Evidence and Arguments for Social Creativity

· “none of us is as smart as all of us” ( Bennis, W. & Biederman, P. W. (1997) Organizing Genius: The Secrets of Creative Collaboration
· “Linux was the first project to make a concious and successful effort to use the entire world as a talent pool” ( Raymond, E. S. & Young, B. (2001) The Cathedral and the Bazaar: Musings on Linux and Open Source by an Accidental Revolutionary, O'Reilly & Associates, Sebastopol, CA. 
Distances and Diversity — Limitations or Opportunities for Social Creativity?

· distribution creates distances ( these distances are not only spatial, but also temporal, conceptual, and technological 

· explore these distances as opportunities to bring humans and media together to achieve new levels of social creativity based on distributed intelligence

Overview of Distances

	Dimension
	Rationale
	Addressed by
	Media / Technologies
	Challenges

	spatial
	participants are unable to meet face-to-face; low local density of people sharing interests
	computer-mediated communication
	e-mail, chat rooms, video conferences, local knowledge in global societies
	achieve common ground; involve large communities (“the talent pool of the whole world"); 

	temporal
	design and use time: who is the beneficiary and who has to do the work?
	long-term, indirect communication; meta-design
	group memories, organizational memories
	build on the work of the giants before us;  design rationale, reflexive CSCW


Overview of Distances — Continued

	Dimension
	Rationale
	Addressed by
	Media / Technologies
	Challenges

	conceptual within domains 
	shared understanding
	communities of practice (CoPs), legitimate peripheral participation (LPP) 
	domain-oriented design environments (DODEs)
	innovation; 
avoid 
group-think

	conceptual between domains
	make all voices heard
	communities of interest (CoIs); boundary objects
	Envisionment and Discovery Collaboratory
	common ground; 
different ontologies;  integration of diversity

	technological
	things are available; complement human abilities
	distributed cognition, socio-technical environments; 
meta-design
	agents, critics, simulations
	formalization; human-problem-domain interaction; digital fluency 


Distance: Spatial Dimension

· bringing spatially distributed people together: supports the shift that shared concerns rather than shared location becomes the prominent defining feature of a group of people interacting with each other

· allows more people to be included, thereby exploiting local knowledge 

· success model: open source communities — see analysis of open source communities as success models (( Scharff, E. (2002) Open Source Software, a Conceptual Framework for Collaborative Artifact and Knowledge Construction, Ph.D. Dissertation, University of Colorado at Boulder.)
· transcending the barrier of spatial distribution is of particular importance in locally sparse populations ( see CLever project: “Cognitive Levers: Helping People Help Themselves” — dePaula, R. (2004) The Construction of Usefulness: How Users and Context Create Meaning with a Social Networking System, Ph.D. Dissertation, University of Colorado at Boulder. 
· but: distance matters (( Olson, G. M., & Olson, J. S. (2001) "Distance Matters." In J. M. Carroll (Ed.), Human-Computer Interaction in the New Millennium, ACM Press, NY, pp. 397-417.)
Distance: Temporal Dimension

· design processes often take place over many years, with initial design followed by extended periods of evolution and redesign 

· importance of 

· design rationale

· redesign and reuse (“complex systems evolve faster if they can build on stable subsystems” (Simon)

· see: Ye, Y. (2001) Supporting Component-Based Software Development with Active Component Repository Systems, Ph.D. Dissertation, University of Colorado at Boulder.

· reflexive CSCW = environments supporting the same individual user, who can be considered as two different persona at points of time that are far apart (see: Thimbleby, H., Anderson, S., & Witten, I. H. (1990) "Reflexive CSCW: Supporting Long-Term Personal Work," Interacting with Computers, 2(3), pp. 330-336)
Distance — Conceptual Dimension 

Communities of Practice and Communities of Interest 

· Communities of Practice (CoPs), defined as groups of people who share a professional practice and a professional interest (Lave, Wenger)

· Communities of Interest (CoIs), defined as groups of people (typically coming from different disciplines) who share a common interest, such as  framing and solving problems and designs artifacts (Envisionment and Discovery Collaboratory)

· for details see:

Fischer, G. (2001) "Communities of Interest: Learning through the Interaction of Multiple Knowledge Systems," 24th Annual Information Systems Research Seminar In Scandinavia (IRIS'24), pp. 1-14. 
[http://www.cs.colorado.edu/~gerhard/papers/iris24.pdf]

Communities of Practice (CoPs)
—
Homogenous Design Communities

· CoPs:
practitioners who work as a community in a certain domain 

· examples: architects, urban planners, research groups, software developers, software users, kitchen designers, computer network designer, voice dialog systems designers ……
· learning:

· masters and apprentices 

· legitimate peripheral participation (LPP)

· develop a notion of belonging

· problems: “group-think” ( when people work together too closely in communities, they sometimes suffer illusions of righteousness and invincibility
· systems: domain-oriented design environments (e.g.: kitchen design, computer network design, voice dialogue design, …..) 
Community of Practice




Communities of Interest (CoIs):
Heterogeneous Design Communities

“Innovations come from outside the city wall.”— Kouichi Kishida

· CoIs = bring different CoPs together to solve a problem

· membership in CoIs is defined by a shared interest in the framing and resolution of a design problem 

· diverse cultures

· people from academia and from industry

· software designers and software users

· students and researchers from around the world

· fundamental challenges: 

· establish a common ground

· building a shared understanding of the task at hand (which often does not exist up-front, but is evolved incrementally and collaboratively and emerges in people’s mind and in external artifacts)

· learning to communicate with others who have a different perspective

· primary goal: not “moving toward a center” (CoP) but “integrating diversity” 

Communication Problems in CoIs
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CoPs and CoIs
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Software Developers and Software Users 
—
A Community of Interest (CoI)

· “system requirements are not so much analytically specified as they are collaboratively evolved through an iterative process of consultation between end-users and software developers” 
— Computer Science Technology Board (1990) "Scaling Up: A Research Agenda for Software Engineering," Communications of the ACM, 33(3), pp. 281-293.

· “System development is difficult not because of the complexity of technical problems, but because of the social interaction when users and system developers learn to create, develop and express their ideas and visions” 
 — Greenbaum, J., & Kyng, M. (Eds.) (1991) Design at Work: Cooperative Design of Computer Systems, Lawrence Erlbaum Associates, Inc., Hillsdale, NJ.)

Differentiating CoPs and CoIs

	Dimensions
	CoPs
	CoIs

	nature of problems
	different tasks in the same domain 
	common task across multiple domains

	knowledge development
	refinement of one knowledge system; new ideas coming from within the practice
	synthesis and mutual learning through the integration of multiple knowledge systems

	major objectives
	codified knowledge, domain coverage
	shared understanding, making all voices heard

	weaknesses
	group-think
	lack of a shared understanding

	strengths
	shared ontologies
	social creativity; diversity; making all voices heard

	people 
	beginners and experts; apprentices and masters
	stakeholders (owners of problems) from different domains 

	learning
	legitimate peripheral participation
	informed participation


Bridge Objects / Boundary Objects

“If a lion could speak would we understand him?” — Wittgenstein

· boundary objects serve 

· to communicate and coordinate the perspectives of CoPs brought together for some purpose leading to the formation of a CoI

· the interaction between users and (computational) environments

· perform a brokering role involving translation, coordination and alignment between the perspectives of different CoPs

· examples: 

· boundary objects can bridge the gap between situation models and system models

· prototypes serve as boundary objects between developers and users in participatory system design

· examples: vocabulary problems, help system, software reuse, McGuckin hardware store, …

 CoIs: Social Creativity and Boundary Objects
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The Dream of a Common Language: Levels of Conceptual Differences

· vocabulary problem—same abstractions, but people use different names 

· Furnas, G. W., Landauer, T. K., Gomez, L. M., & Dumais, S. T. (1987) "The Vocabulary Problem in Human-System Communication," Communications of the ACM, 30(11), pp. 964-971. 

· technologies to address this problem:

* Glossaries

* Query by reformulation

* Specification by selection (rather than text entry)

· concept / ontology level — different abstractions 

· Sutcliffe, A.G.: The Domain Theory: patterns for knowledge and software reuse.  Lawrence Erlbaum Associates: Hillsdale NJ.

· addressing this problem: bride objects / boundary objects

· global framing — different overall conceptual spaces
· Simon, H. A. (1996) The Sciences of the Artificial, (third ed.), The MIT Press, Cambridge, MA

· addressing this problem: integration of problem solving and problem framing

Vocabulary Problem 

same abstractions, but people use different names for them
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The Gap between Situation and System Models
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Different Abstractions 

concept / ontology level  
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Different Global Conceptualization
—
Searching for a Problem Space not just within a Problem Space
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Distance “Technological Dimension” 

· claim: there is no media-independent communication and interaction

· tools, materials, and social arrangements always mediate activity

· the possibilities and the practice of design are functions of the media with which we design

· some global objectives:

· media as extensions of human (McLuhan, M. (1964) Understanding Media: The Extensions of Man, The MIT Press, Cambridge, MA.)
· intelligence augmentation (Engelbart, D. C. (1995) "Toward Augmenting the Human Intellect and Boosting Our Collective IQ," Communications of the ACM, 38(8), pp. 30-33.)
· human problem-domain interaction (Fischer, G., & Lemke, A. C. (1988) "Construction Kits and Design Environments: Steps Toward Human Problem-Domain Communication," Human-Computer Interaction, 3(3), pp. 179-222.)
· end-user development and meta-design (Fischer, G., & Giaccardi, E. (2006) "Meta-Design: A Framework for the Future of End User Development." )
· pervasive and ubiquitous computing (Fischer, G., & Konomi, S. (2005) "Innovative Media in Support of Distributed Intelligence and Lifelong Learning." )
· digital fluency to make domain experts independent of high-tech scribes (National-Research-Council (1999) Being Fluent with Information Technology, National Academy Press
Examples of Systems Supporting Social Creativity
—
The Envisionment and Discovery Collaboratory (EDC) 

http://www.cs.colorado.edu/~l3d/systems/EDC (including demo)

· creating shared understanding through collaborative design

-
symmetry of ignorance, mutual competence, conceptual collisions and breakdowns as sources of opportunity

· integration of physical and computational environments

-
hardware: electronic whiteboards, crickets, DiamondTouch

- 
beyond the screen: immersive environments

· support for:

· social creativity 

· meta-design and informed participation

· collaborative design 

· reflection-in-action

· boundary objects

The Envisionment and Discovery Collaboratory
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The Envisionment and Discovery Collaboratory
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The Envisionment and Discovery Collaboratory
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Assessment of EDCsmartboard 

· interaction problems:

· touch-screen designed for single-user-at-a-time (single cursor) interaction, requiring turn taking to avoid errors

· frequent mode errors resulting from “select-object/select-action/perform-action” interaction 

· needed to press the object onto the touch screen to make the physical-virtual connection rather than just placing it on top

· tactile interface provides: 

· lower threshold for interaction

· concrete interaction with abstract objects

· interpersonal engagement (e.g., collaborative script planning)

· more information: 

· Eden, H. (2002): "Getting in on the (Inter)Action: Exploring Affordances for Collaborative Learning in a Context of Informed Participation." In G. Stahl (Ed.): Proceedings of CSCL’2002 Conference, Boulder, CO, pp. 399-407. 

· short movie showing parallel user interactions

Face-to-Face Collaboration around the EDC Action Space
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Face-to-Face Collaboration around the EDC Action Space
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Interactive Experience Session with Conference Participants at CSCL’2002 (Quick-Time Movie)

· setting the stage

· familiarization with technology

· describing land use

· establishing a personae (in the technological environment) and introduction (to other players)

· drawing roads (against the projected background)

· articulating walking distance (good weather, bad weather)

· open discussion about where the bus routes should go

· follow-up discussion

Boulder City Council and University of Colorado Regents
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Application Context — Emergency Management: Fires 
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Application Context —Emergency Management: Flooding 
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Sketching Support in the EDC
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Buildings Sketched into a Google-Earth Client
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Land Use in the Action Space 
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Summary View of Land Use Generated in the Reflection Space
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Land Use Table

Blocks Per Land Use Type

Land Use Type | # of Blocks | ="

Open Space 62

Commercial 8
Light Industry |27

Punber of blocks

Single Family 107

Multi-Family 8

Agriculture 17

Land Use Tupe

Reflection Space





Emerging Insight: Illustrating Multiple Walking Distances
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Caretta: Integrating Individual and Social Creativity

(Masanori Sugimoto, University of Tokyo)
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Assessment of Social Creativity

· what will make people want to engage in social creativity?

· requires: culture change, new mindsets, new reward systems

· organizational rewards

· social capital

· self-application of this idea to L3D: 

· value gained by the individual to contribute to the social is greater than the effort expended

· barriers with creating and evolving organizational memories: 

· individuals must perceive a direct benefit 

· the effort required to contribute must be minimal so it will not interfere with getting the real work done

· “collaborative systems will not work in a non-collaborative society”

· a student’s observation in one of our classes using technologies to enhance peer-to-peer learning, sharing of information, self-evaluation, etc.

· collaboration should not be considered as cheating 

Part 4: Meta-Design

· Meta-Design

· Cultures and Media

· Design and Meta-Design

· Consumers and Designers

· Transforming Application Areas

· Research Challenges

Meta-Design: Design for Designers

· meta-design (= allowing people to act as designers) is more than a technical problem 

· claim: meta-design needs to provide tools, environments, and substrates for end user development  — this is necessary, but not sufficient
· meta-design creates new mindsets, new sources of creativity, cultures changes, and innovative societies by providing new insights into 

· learning and working

· communicating

· design and design communities

· collaboration

· co-creation

Cultures and Media

· claim: cultures are substantially defined by their media and tools for thinking, working, learning, and collaborating (most prominent example: oral ( literal societies)
· fundamental challenge for computational media: contributing to the invention and design of cultures in which humans can express themselves and engage in personally meaningful activities 
· new media change

· the tasks which humans do (( new divisions of labor)

· the structure and contents of our interests

· the nature of our cognitive and collaborative tools

· the social environment in which thoughts originate and evolve, and mindsets develop

· empirical observation: a large number of new media are designed from the perspective of seeing and treating humans primarily as consumers

From the Neighborhood Store to the Smart Store of the Future

· media: head ( pencil and paper ( adding machines ( UPC, scanners and databases, RFID tags
· sales clerks: adding prices
· in their heads

· using pencil and paper

· using adding machines

· using scanners 

· little need for their services anymore

· money: computing the change in the head ( by the machine ( processing credit cards

· customer:

· checking out their own groceries (“do I want to do this?”)

· walking by a RFID reader
· overall performance of the system: speed, reliability, visibility (total cost, partial costs)
 Meta-Design — How We Think About It

· “if you give a fish to a human, you will feed him for a day — if you give someone a fishing rod, you will feed him for life” (Chinese Proverb)

· meta-design extends this to: 

“if we can provide the knowledge, the know-how, and the tools for making fishing rods, we can feed the whole community” 
Meta-Design

· meta-design 
· new media that allow users to act as designers and be creative

· the creation of context rather than content

· puts the tools rather than the object of design in your hands

· does not define a product, but the conditions for a process of interaction

· why meta-design?

· design for diversity (for “a universe of one” ( CLever Project)

· design as a process is tightly coupled to use and continues during the use of the system 

· addresses and overcome problems of closed systems

· prerequisite for social creativity and innovation

· transcends a “consumer mindset” 

Design Time and Use Time
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Computational Media
—
Extending Design Opportunities at Use Time

· print media: a fixed context for use time is decided at design time 

· computational media: 

· presentations at use time can take advantage of contextual factors only known at use time (about tasks, users, social systems,.....)

· examples: specification sheets and usage data, supporting dynamic forms, dynamic websites, user and task specific maps and traffic schedules....

· evolving existing systems: users (acting as designers) can transcend at use time the boundaries of the systems as developed at design time

Meta-Design: Extending Other Design Approaches
· professionally-dominated design

· works best for people with the same interests and background knowledge
· user-centered design:
· analyze the needs of the users 

· understand the conceptual worlds of the users

· learner-centered design

· draws attention to the changing needs of users

· combine HCI interaction principles with educational interaction support

· participatory design

· involve users more deeply in the process as co-designers 

· focus on system development at design time by bringing developers and users together to envision the contexts of use

· meta-design: 

· create design opportunities at use time

· requires co-creation

Concepts of Meta-Design

	Concept
	Implications

	convivial tools
	allow users to invest the world with their meaning and to use tools for the accomplishment of a purpose they have chosen 

	domain-orientation
	bring task to the forefront; provide time on task

	open, evolvable systems
	put owners of problems in charge; in open systems, extension is an essential part of use

	underdesigned systems
	create seeds and constructs for design elaboration at use time 

	collaborative work practices 
	support design communities and the emergence of power users 


Traditional Design versus Meta-Design
	Traditional Design
	Meta-design

	guidelines and rules
	exceptions and negotiations

	content
	context

	object
	process

	perspective
	immersion

	certainty 
	contingency

	resolution
	emergence

	top-down
	bottom-up

	autonomous mind
	distributed mind

	creation
	co-creation

	specific solutions
	solutions spaces 

	art
	interactive art


What Do Meta-Designers Do?

· they use their own creativity to create socio-technical environments in which other people can be creative
· they underdesign 
· by creating contexts and content creation tools rather than content 

· by creating technical and social conditions for broad participation in design activities 

· by supporting ‘hackability’ and ‘remixability’
· examples for meta-design:  Web 2.0 Technologies

· Wikis

· Google-SketchUp + 3D Warehouse + Google Earth

· Second Life

· Open Source

Meta-Design Concepts (in Microsoft Word)
—
Users as Co-Developers

· tailor and customize the system by setting different parameters as their personal preferences

· extend and evolve existing information structures (e.g., menus, spelling dictionaries, auto-correct tables, …)

· write macros to create new operations (an example of “programming by example” or “programming by demonstration”)

· create programs in VisualBasic to extend the functionality of the system

· share the user-defined extensions

A Macro for Unwrapping Text
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Meta-Design Aspects in the EDC: Closed versus Open Systems 
· example for a closed system: SimCity — too much crime
· solution supported: build more police stations (fight crime)

· solution not supported: increase social services, improve education (prevent crime)

· important goal of EDC: create end-user modifiable versions of SimCity, because: 

· background knowledge can never be completely articulated

· the world changes

· user control:

· end-user modifiability 

· conviviality (independence of high-tech scribes) 

· ownership (putting owners of problems in charge) 
Closed versus Open Systems — SimCity versus EDC

	Issue
	SimCity
	EDC

	user-directedness, openness of systems
	rich construction mechanisms; simulation is a “black” box
	rich construction and end-user modification mechanisms

	contextualized information
	no support for task-based indexing 
	linking of action and reflection 

	breakdowns as opportunities for learning
	there are no explanations of  problem mechanisms
	critiquing leads to relevant argumentation in the reflection space

	adapting to expertise and background knowledge
	adjust parameters (amount of money, simulation speed, turn off disasters)
	users adapt system to their perspectives, goals, needs, and background knowledge

	engagement / motivation
	games are engaging but do not allow users to model their own situations
	owners of problems are in charge, and engage in self-directed experience 

	collaboration
	multi-user version restricted to mayoral decisions and voting
	ability to share argumentation and simulation components


Meta-Design in Socio-Technical Environments for People with Cognitive Disabilities

Source:

	[image: image52.wmf]
	“CLever: Cognitive Levers — Helping People Help Themselves”


· supported by the Coleman Institute, August 2000 – July 2007

· http://l3d.cs.colorado.edu/clever/index.html
Meta-Design in CLever

· why is there a need:

· clients are a “universe of one” (move beyond “one size fits all” solutions based on “the average user myth”

· clients limited abstraction capabilities

· use ubiquitous, location-ware, mobile technologies to deliver personalized information tailored to individual needs and abilities

· who are the end-users 

· the caregivers 

· multi-media movie about the Clever Project;

available at: http://l3d.cs.colorado.edu/clever/
The Story Shown in the Multi-Media Presentation

· specific: a woman with cognitive disabilities (memory problems, no capacity for planning and remembering) and her mother 

· general: the scenario shows socio-technical environments to help people with 

· cognitive disabilities and elderly people (e.g., with Alzheimer)

· out-of-town visitors, foreigners, everyone
· innovative technologies to simplify the use and increase the usefulness of complex environments

· personal device — personal digital assistants (PDAs), mobile phones, 

· global positioning systems (GPS), 

· web-based collaboration tools  

Selected CLever Projects 

· Web2gether: Online Community Environment — supporting the members of a community (not only information management)

· TEA: The Evaluation Assistant — matching the needs of individuals to specific technologies

· MAPS: Memory Aiding Prompting Systems — creating new “knowledge” (scripts) by end-users who have no interest or technical knowledge

· Mobility-for-All: Human Centered Public Transportation Systems — from “anywhere, anytime, anyone” ( right information, right person, right time, right way (exploiting the power of ubiquitous, wireless technologies)

· Lifeline: Remote Monitoring — reuse of the technological infrastructure for a different purpose
End-User Development in the MAPS Environment
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MAPS Script Editor
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MAPS Handheld Prompter

[image: image55.wmf]
SketchUp — a 3D Modeling Environment for Content Creation
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3D Warehouse: a Web 2.0 Environment

http://sketchup.google.com/3dwarehouse/
· features:

· search, share, and store 3D models created in SketchUp

· models include: buildings, houses, bridges,  sculptures, cars, people, pets, …

· download the 3D models to be modified in SketchUp 

· if the model has a location on earth ( download it and view it in Google Earth

· share 3D models by uploading them from SketchUp 

· challenges:

· what will motivate people to participate?

· participation requires to learn SketchUp ( create learning environments for SketchUp

3D Warehouse
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CU Boulder in 3D
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Downtown Denver in 3D
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Consumer and Designers — Beyond Binary Choices

· claims: 

· there is nothing wrong about being a consumer (watching a tennis match, listening to a concert, ...)

· the same person wants to be a consumer in some situations and in others a designer 

· consumer / designer is not an attribute of a person, but of a context 
       consumer / designer ≠ f{person} ( f{context}
· problems:

· someone wants to be a designer but is forced to be a consumer ( personally meaningful activities 
· someone wants to be a consumer but is forced to be a designer ( personally irrelevant activities 

Consumer and Designers — A Continuum
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Consumer and Designers — A Continuum
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Duality between Learning and Contributing

[image: image62.wmf]
 The Seeding, Evolutionary Growth, Reseeding (SER) Model
Supporting Meta-Design

· at design time:

· development of an initial system that can change over time (seed)

· underdesign: creating design options for users

· at use time:

· support for “unself-conscious culture of design”: users will experience breakdowns by recognizing “bad fit” at use time

· end-user modifications allow users to address limitations they experience

· evolutionary growth through incremental modifications

· reseeding:

· significant reconceptualization of the system

· account for incremental modifications, mitigate conflicts between changes, and establish an enhanced system

The Seeding, Evolutionary Growth, Reseeding (SER) Model

[image: image63.wmf]
· source: Fischer, G., Grudin, J., McCall, R., Ostwald, J., Redmiles, D., Reeves, B., & Shipman, F. (2001) "Seeding, Evolutionary Growth and Reseeding: The Incremental Development of Collaborative Design Environments." In G. M. Olson, T. W. Malone, & J. B. Smith (Eds.), Coordination Theory and Collaboration Technology, Lawrence Erlbaum Associates, Mahwah, NJ, pp. 447-472.
Comparing Self-conscious and Unself-conscious Cultures of Design

	
	self-conscious
	unself-conscious

	definition
	an explicit, externalized description of a design exists (theoretical knowledge)
	process of slow adaptation and error reduction;

situated

	original association
	professionally-dominated design
	primitive societies, handmade things

	examples
	seeding and reseeding

designed cities: Brasilia, Canberra, Abudja
	evolutionary growth

naturally grown cities: London, Paris

	strengths
	activities can be delegated; division of labor becomes possible
	many small improvements ( artifacts well suited to their function; coping with ill-defined, unarticulated problems

	weaknesses
	many artifacts are ill-suited to the job expected of them
	no general theories exist or can be studied (because the activity is not externalized)

	requirements
	externalized descriptions must exist—issue: how adequate are these? 
	owner of problems must be involved because they have relevant, unarticulated knowledge


Explore Technical Issues in Real-World Settings
—
Improvisations versus Standardization

· example: SAP Info, July 2003, p 33: “Reduce the Number of Customer Modifications”

· rationale:

“every customer modification implies costs because it has to be maintained by the customer. Each time a support package is imported there is a risk that the customer modification may have to be adjusted or re-implemented. To reduce the costs of such on-going maintenance of customer-specific changes, one of the key targets during an upgrade should be to return to the SAP standard wherever this is possible”

· compare:

· “forking” in Open Source

· “reseeding” in Seeding, Evolutionary Growth, Reseeding Model

 Motivational Aspects and Meta-Design

· what will make humans want to become designers/active contributors over time?
· serious working and learning does not have to be unpleasant  but can be personally meaningful, empowering, engaging, and fun

· comment by an artist: “programming is not hard, but it is boring”
· what will make humans want to share? ( requires: mindset change, culture change, community knowledge bases, gift cultures, social capital 

· more details: Fischer, G., Scharff, E., & Ye, Y. (2004) "Fostering Social Creativity by Increasing Social Capital." In M. Huysman, & V. Wulf (Eds.), Social Capital and Information Technology, MIT Press, Cambridge, MA, pp. 355-399.

· who is the beneficiary and who has to do the work? ( organizational rewards

Utility = Value / Effort
· increase in value: motivation and rewards for a “design culture”

· feeling in control (i.e., independent from “high-tech scribes”)

· being able to solve or contribute to the solution of a problem

· mastering a tool in greater depth

· making an ego-satisfying contribution to a group

· enjoying the feeling of good citizenship to a community (“social capital”)

· decrease in effort:

· meta-design is hard

· extending meta-design to design for design communities

Finding the Right Challenge
—
“From Usable / Useful” ( “Low Threshold / High Ceiling”
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Meta-Design: Transforming Application Areas

· design: customization, personalization, tailorability, end-user development, design for diversity — Lieberman, H., Paterno, F., & Wulf, V. (Eds.) (2006) End User Development - Empowering people to flexibly employ advanced information and communication technology, Kluwer Publishers, Dordrecht, The Netherlands.
· architectural design: underdesign, support for “unself-conscious culture of design” — Brand, S. (1995) How Buildings Learn: What Happens After They're Built, Penguin Books, New York.
· teaching and learning: teachers as facilitator, learning communities, courses-as-seeds — dePaula, R., Fischer, G., & Ostwald, J. (2001) "Courses as Seeds: Expectations and Realities," Proceedings of the Second European Conference on Computer-Supported Collaborative Learning (Euro-CSCL' 2001), Maastricht, Netherlands, pp. 494-501.
· informed participation: beyond access, social creativity — Arias, E. G., Eden, H., Fischer, G., Gorman, A., & Scharff, E. (1999) "Beyond Access: Informed Participation and Empowerment," Proceedings of the Computer Supported Collaborative Learning (CSCL '99) Conference, Stanford, pp. 20-32.
Meta-Design: Transforming Application Areas — Continued

· open source: a success model of decentralized, collaborative, evolutionary development — Scharff, E. (2002) Open Source Software, a Conceptual Framework for Collaborative Artifact and Knowledge Construction, Ph.D. Dissertation, University of Colorado at Boulder. 
· living organizational memories: living organizational memories such as Web2Gether — dePaula, R. (2004) The Construction of Usefulness: How Users and Context Create Meaning with a Social Networking System, Ph.D. Dissertation, University of Colorado at Boulder.
· digital libraries: community digital library — Wright, M., Marlino, M., & Sumner, T. (2002) Meta-Design of a Community Digital Library, D-Lib Magazine, Volume 8, Number 5, Available at http://www.dlib.org/dlib/may02/wright/05wright.html.
· interactive art: collaboration, co-creation, puts the tools rather than the object of design in the hands of users — Giaccardi, E. (2004) Principles of Metadesign: Processes and Levels of Co-Creation in the New Design Space, Ph.D. Dissertation, CAiiA-STAR, School of Computing, Plymouth, UK.
Mindsets, Cultures, and Environments for Meta-Design

· how we can educate and support skilled domain workers 

· who are neither novices nor naive users, but

· who are interested in their work and 

· who see the computer as a means rather than as an end 

· how we can create co-evolutionary environments
· in which users change, because they learn, and 

· in which systems need to be changed, because users become co-developers and engage in end-user modification and programming 

Summary Statements about Meta-Design

· meta-design offers:

· to invent and design a culture in which all participants in collaborative design processes can express themselves and engage in personally meaningful activities

· meta-design requires

· a new mindset of all participants

· designers giving up some control at design time 
· active contributors and not just passive consumers at use time

· meta-design raises many issues and research problems of fundamental importance including

· new design methodologies

· a new understanding of cognition, collaboration, and motivation

· the design of new media and new technologies

Part 5: Educational and Political Implications

· transdisciplinary collaboration 

· outsourcing — learning the important skills of the future

Transdisciplinary Collaboration

Large Conceptual Distance — Limited Common Ground
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Software Professionals Acquiring Domain Knowledge
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Domain Experts Acquiring Media Knowledge
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From Reflective Practitioners to Reflective Communities
[image: image68.png]saftvare softvare professionals
professionds ith dorrain knoviedge

T b

domain experts vith
Softvrars knoviadgs

domsin

AT expers

nowisdge





Outsourcing

· an emerging question for prospective computer science students: “if the heart and soul of computing (programming) is being auctioned off to the lowest offshore bidder, what is the future for me?”
· question: what will be the computing jobs, skills, and knowledge that are less likely to migrate offshore? 

· references:

· Friedman, T. L. (2005) The world is Flat: A brief history of the twenty-first century, Farrar, Straus and Giroux, New York.

· Hagel III, J., & Brown, J. S. (2005) The Only Sustainable Edge, Harvard Business School Press, Boston.

· William Aspray, Frank Mayadas, Moshe Y. Vardi (eds): “Globalization and Offshoring of Software”, A Report of the ACM Job Migration Task Force; at: http://www1.acm.org/globalizationreport/
Software Design: Upstream and Downstream Activities
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· upstream: world ( model / specification

· ill-defined problem

· integration of problem framing and problem solving

· collaboration and communication between different stakeholders 

· failure leads to design disasters (wrong problem is solved)

· downstream: model / specification ( implementation / system

· well-defined problem

· dealing with difficult technical problems

· creating reliable code

· failure leads to implementation disasters (wrong solution to the right problem)

 Current Computer Science Education and Outsourcing

	
	upstream activities
	downstream activities

	themes
	creative work, communication, collaboration, context, integration of problem framing and problem solving, fuzzy requirements, customer satisfaction
	programming, programming languages, compilers, rule-based behavior (tax returns),….

	emphasis in current CS programs
	X
	XXXXX

	future jobs (not being outsourced)
	XXXXX
	X


Conclusions
—

Basic Message — HCI Themes of the Future

· beyond 

· design ( collaborative design

· individual creativity( social creativity

· user-centered  and participatory design ( meta-design

· objective: 

provide frameworks, languages, concepts, systems (as objects to talk about and to criticize) for new, innovative socio-technical environments in which owners of problems are in charge and empowered and motivated to collaborate

Conclusions
—
The Future

· the future is not out there to be discovered — it has to be invented and designed 
· looking ahead: predicting the future
“This is not the end. It is not even the beginning of the end. But it is, perhaps, the end of the beginning.”  —Winston Churchill 

Further Information — Future of HCI

· Carroll, J. M. (Ed.) (2001) Human-Computer Interaction in the New Millennium, ACM Press, New York.

· Denning, P. J. (2002) The Invisible Future — the seamless integration of technology in everyday life, McGraw-Hill, New York.

· Dertouzos, M. (2001) The Unfinished Revolution, HarperCollins, New York.

· Arias, E. G., Eden, H., Fischer, G., Gorman, A., & Scharff, E. (2000) "Transcending the Individual Human Mind—Creating Shared Understanding through Collaborative Design," ACM Transactions on Computer Human-Interaction, 7(1), pp. 84-113.

· Fischer, G. (1993) "Beyond Human Computer Interaction: Designing Useful and Usable Computational Environments." In People and Computers VIII: Proceedings of the HCI'93 Conference (Loughborough, England), Cambridge University Press, Cambridge, UK, pp. 17-31.

Further Information — Design and Collaborative Design

· Simon, H. A. (1996) The Sciences of the Artificial, 3rd edition, The MIT Press, Cambridge, 

· Norman, D. A. (1993) Things That Make Us Smart, Addison-Wesley, Reading, MA.

· Schön, D. A. (1983) The Reflective Practitioner: How Professionals Think in Action, Basic Books, New York.

· Alexander, C., Ishikawa, S., Silverstein, M., Jacobson, M., Fiksdahl-King, I., & Angel, S. (1977) A Pattern Language: Towns, Buildings, Construction, Oxford University Press, 

· Gamma, E., Johnson, R., Helm, R., & Vlissides, J. (1994) Design Patterns - Elements of Reusable Object-Oriented Systems, Addison-Wesley 

· Dawkins, R. (1987) The Blind Watchmaker, W.W. Norton and Company, New York - London

· Rittel, H. (1984) "Second-Generation Design Methods," In N. Cross (eds.), Developments in Design Methodology, John Wiley & Sons, New York, pp. 317-327.

· Ehn, P. (1988) Work-Oriented Design of Computer Artifacts, Almquist & Wiksell International, Stockholm, Sweden

Further Information — Design and Collaborative Design

· Fischer, G., & Nakakoji, K. (1992) "Beyond the Macho Approach of Artificial Intelligence: Empower Human Designers - Do Not Replace Them," Knowledge-Based Systems Journal, Special Issue on AI in Design, 5(1), pp. 15-30.

· Fischer, G., & Reeves, B. N. (1992) "Beyond Intelligent Interfaces: Exploring, Analyzing and Creating Success Models of Cooperative Problem Solving," Applied Intelligence, Special Issue Intelligent Interfaces, 1, pp. 311-332.
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