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Course Description

Our concern, in the Learning Sciences, is with helping individuals to learn; we want to help them learn to engage in new tasks, and to understand things that they didn’t understand before. It is the assumption of this course that we will be in a better position to achieve these goals if we can somehow characterize the knowledge that individuals possess at any given time, and how this knowledge changes as they learn.

The characterization of knowledge is the business of this course. We will explore the techniques of knowledge representation, primarily as practiced by cognitive scientists. Our goals in this regard are both theoretical and methodological. We will examine various theoretical perspectives on the nature of knowledge, and we will practice various methodological and analytical techniques for studying the knowledge possessed by individuals.

The course will be divided into three main parts. We will begin with an introduction to knowledge representation. As part of this introduction, students will learn a “toolkit” of knowledge forms that can be used to describe knowledge. This initial exploration will be carried out within a number of learning domains, including mathematics, reading, and science.

Then, in the second part of the course, we will employ our toolkit to describe how the knowledge of individuals changes as they learn. Finally, in the last part of the course, we will broaden our explorations to “cognition in the wild.” This will include an examination of some critiques of the techniques of knowledge representation employed by cognitive scientists.

Summary of Requirements

1. Keep up with the readings and participate in class.

2. Do the homework assignments. (There will be several of these spaced throughout the quarter.)  

3. Write reaction/summary papers to readings when assigned.

4. Do the course project. As discussed below, this has several components, including a final paper and presentation.

Grade Distribution

Participation You will receive bonus points for “quality” participation.

Reaction Papers / homework 30% (You will receive either a “+”(A+), “check” (A), or “-“ (B).)

Project grade:

Preliminary interview design 10%

Interview summaries 15%

Final paper 35%

Presentation 10%

About the Course Project

You may work on a project alone or with a partner. The project will consist of an analysis, using the techniques of knowledge representation studied in the course, of thinking in some (limited) domain. You will interview both novices and experts in your chosen domain. The precise nature of these interviews will vary greatly, depending on the nature of the domain that you choose. The project will be submitted in five milestones:

Idea (April 13 – Friday) A one paragraph description of your project idea.
Preliminary interview design (May 4 – Friday of Week 5). A first draft of your interview protocols, for both novices and experts, along with an account of the rationale behind your design..

Interview summaries (May 22, Tues of Week 9). A summary of what you observed during your interviews.

Final paper and presentation (June 5). 

Example Projects

Your project does not need to be the same as (or even very similar to) any of these examples. The point is just to give you an idea of the range of possibilities.

Geology understanding: Find out as much as you can about what some subjects know about a sub-domain of geology. Do this with an clinical interview. Interview some experts (graduate students, professors) and some novices (undergrads, high school students) and see how they differ.

Photography: Find expert photographers and ask them to take photographs, setting the aperture and shutter speed manually. Have them take pictures under a variety of conditions. Do the same with some novice or intermediate subjects.

International affairs. Develop a case history for some historical event. Interview an expert political scientist concerning how this should be handled by the presidential administration. Interview a novice. Compare.

Geometry proofs. Give experts and novices geometry proofs to perform. Conduct at think-aloud protocol as they solve these problems.

Topics and Readings

Part 1. Representing knowledge

Week 1 (March 27). Introduction and overview

Week 2 (April 3? 10?). Production system models

Holyoak, K. J. (1995). Problem solving. In E. E. Smith & D. N. Osherson (Eds.), Thinking: An invitation to cognitive science (Vol. 3, pp. 267-296). Cambridge, MA: MIT Press.

Neches, R., Langley, P., & Klahr, D. (1987). Learning, development, and production systems. In D. Klahr, P. Langley & R. Neches (Eds.), Production system models of learning and development (pp. 1-53). Cambridge, MA: MIT Press.

Brown, J. S. and VanLehn, K. (1983). Towards a generative theory of "bugs". In T. P. Carpenter, J. M. Moser and T. A. Romberg (Eds.), Addition and subtraction: A cognitive perspective (pp. 117-135). Hillsdale, NJ: Erlbaum.

Week 3 (April 17th). You say schemas, I say schemata

Schank, R. and Abelson, R. (1977). Script, plans, goals and understanding. Hillsdale, NJ: Lawrence Erlbaum.

Rumelhart, D. E. (1980). Schemata: The building blocks of cognition. In R. J. Spiro, B. C. Bruce and W. F. Brewer (Eds.), Theoretical issues in reading comprehension (pp. 33-58). Hillsdale, NJ: Lawrence Erlbaum.

Just, M. A. and Carpenter, P. A. (1987). The psychology of reading and language comprehension. Boston: Allyn and Bacon.

Hinsley, D. A., Hayes, J. R. and Simon, H. A. (1977). From words to equations: Meaning and representation in algebra word problems. In M. A. Just and P. A. Carpenter (Eds.), Cognitive processes in Comprehension (pp. 89-106). Hillsdale, NJ: Lawrence Erlbaum Associates.

Week 4 (April 24). Mental models, etc.

Vosniadou, S., & Brewer, W. F. (1992). Mental models of the earth: A study of conceptual change in childhood. Cognitive Psychology, 24(4), 535-585.

McClosky, M. (1984). Naive theories of motion. In D. Gentner and A. Stevens (Eds.), Mental  models. (pp. 289-324). Hillsdale,  NJ: Lawrence Erlbaum.

Sherin, B. (in press).  Common sense clarified: Intuitive knowledge and its role in physics expertise.  Journal of Research in Science Teaching.
diSessa, A. A. (1993). Toward an epistemology of physics. Cognition and Instruction, 10(2 & 3), 105-225.

McNamara, T., Miller, D. L., & Bransford, J. D. (1991, reprinted 1996). Mental models and reading comprehension. In R. Barr, M. L. Kamil, P. B. Mosenthal & P. D. Pearson (Eds.), Handbook of reading research (Vol. II, pp. 490-511). White Plains, NY: Longman.

Optional: Kempton, W. (1986). Two theories of home heat control. Cognitive Science, 10, 75-90.

Methodological interlude

Week 5 (May 1). Designing, conducting, and analyzing interviews

Ericsson, K. A., & Simon, H. A. (1984). Protocol analysis: Verbal reports as data (Chapter 1, pp 1-62; Chapter 6, pp. 261-312). Cambridge, MA, US: The MIT Press.

Ginsberg, H. P. (1997). Entering the child’s mind: The clinical interview in psychological research and practice (Chapters 2-4, pp. 30-158). New York: Cambridge University Press.

Part 2. Cognition in the wild

Week 6 (May 8). Everyday, distributed, and situated cognition

Carraher, T. N., Carraher, D. W. and Schliemann, A. D. (1985). Mathematics in the streets and in schools. British journal of developmental psychology, 3(21), 21-28.

Scribner, S. (1984). Studying working intelligence. In B. Rogoff and J. Lave (Ed.), Everyday cognition: Its development in social context (pp. 9-40). Cambridge, MA: Harvard University Press.

Lave, J., Murtaugh, M. and de la Rocha, O. (1984). The dialectic of arithmetic in grocery shopping. In B. Rogoff and J. Lave (Ed.), Everyday cognition: Its development in social context (pp. 67-94). Cambridge, MA: Harvard University Press.

Hutchins, E. (1995). How a cockpit remembers its speeds. Cognitive Science, 19(3), 265-288.

Part 3. Changing knowledge

Week 7 (May 15). Expertise: Long time-scale changes in knowledge

Glaser, R. and Chi, M. T. H. (1988). Overview. In M. T. H. Chi, R. Glaser and M. J. Farr (Eds.), The nature of expertise (pp. xv-xxviii). Hillsdale, NJ: Erlbaum.

Simon, H. A., & Chase, W. H. (1973). Skill in chess. American Scientist, 61, 394-403.

Chi, M. T. H., Feltovich, P. J. and Glaser, R. (1981). Categorization and representation of physics problems by experts and novices. Cognitive Science, 5, 121-152.

Wineburg, S. (1998). Reading Abraham Lincoln: An expert/expert study in the interpretation of historical texts. Cognitive Science, 22(3), 319-346.

Week 8 (May 22). Microgenesis of knowledge: Short time-scale changes 

Siegler, R. S. and Crowley, K. (1991). The microgenetic method: A direct means for studying cognitive development. American Psychologist, 46(6), 606-620.

Week 9 (May 29). Conceptual change: Dramatic changes in knowledge

Carey, S. (1988). Reorganization of knowledge in the course of acquisition. In S. Strauss (Ed.), Ontogeny, phylogeny, and historical development (pp. 1-27). Norwood, NJ: Ablex.

diSessa, A. A. and Sherin, B. (1998). What changes in conceptual change? International Journal of Science Education, 20(10), 1155-1191.

Smith, J. P., diSessa, A. A. and Roschelle, J. (1993). Misconceptions reconceived:  A constructivist analysis of knowledge in transition. Journal of the Learning Sciences, 3(2), 115-163.

Posner, G. J., Strike, K. A., Hewson, P.W, and Gertzog, W. A. (1982). Accommodation of a scientific conception: Toward a theory of conceptual change. Science Education, 66(2), 211-227.

Week 10 (June 5). Project presentations
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