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. Lewis Thomas, The Medusa and the Snail- More Notes of a Biology Watcher (New York,
NY: Viking Press, 1979}, p. 20.

. There are many schools of systems thinking. For a survey, see George Richardson,
Feedback Thought in Social Science and Systems Theory (Philadelphia, PA: University
of Pennsylvania Press, 1991). See also Peter Senge, The Fifth Discipline: The Art and
Practice of the Learning Organization (New York, NY: Doubleday, 1991). Some
emphasize qualitative methods, others stress formal modeling. For sources of
method and metaphor, they draw on fields as diverse as anthropology, biology,
engineering, linguistics, psychology, physics, and Taoism, and seek applications
in fields still more diverse. All agree, however, that a systems view of the world
is still rare. Jay Forrester developed system dynamics in the 1950s at MIT.

. See John Sterman, Business Dynamics: Systems Thinking and Modeling for a Complex
World (New York, NY: Irwin/McGraw-Hill, 2000), <www.mhhe.com/stermanz.
Includes extensive references to the literature and a disc containing over 60 simu-
lation models.

. See the late Herbert Simon's concept of bounded rationality. Herbert Simon, Sci-
ences of the Artificial, 3™ ed. (Cambridge, MA: The MIT Press, 1996).

. For descriptions of the Beer Game, see Sterman, op. cit. and Senge, op. cit.

. See Sterman, op. cit., chapter 17, for discussion and examples.

. See Art Schneiderman, “Setting Quality Goals,” Quality Progress, 21/4 {April 1988):
55-57. Sterman et al. show how these differential improvement rates led to ditfi-
culty at a leading semiconductor manufacturer. J. Sterman, N. Repenning, and F
Kotman, “Unanticipated Side Effects of Successful Quality Programs: Exploring a
Paradox of Organizational Improvement,” Management Science, 43/4 (1997): 501-
521.

. See L. Dierickx and K. Cool, *Asset Stock Accumulation and Sustainability of
Competitive Advantage,” Management Science, 35/12 (December 1989): 1504-1511.
Intangibles have long been included in system dynamics models. See, for exam-
ple, Jay Forrester, Collected Papers of Jay W. Forrester (Waltham, MA: Pegasus Com-
munications, 1975). System dynamics modeling stresses the importance of and
methods to operationalize and quantify such so-called soft variables (variables for




which no numerical data may be available). Omitting such concepts assumes their
impact is zero, one of the few assumptions we know to be wrong.

. For the solution, discussion, and other examples, see Linda Booth Sweeney and
John Sterman “Bathtub Dynamics: Initial Results of a Systems Thinking Inven-
tory,” System Dynamics Review, 16/4 (2000): 249-294.

. See Robert Axelrod, The Structure of Decision: The Cognitive Maps of Political Elites
{Princeton, NJ: Princeton University Press, 1976); Dietrich Dorner, The Logic of
Failure (New York, NY: Henry Holt, 1996).

. See Scott Plous, The Psychology of Judgment and Decision Making (New York, NY:
McGraw Hill, 1993).

. See Plous, op. cit.; L. Ross, “The Intuitive Psychologist and His Shortcomings:
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