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Bill McKelvey:     mckelvey@anderson.ucla.edu 

Phone: 310-825-7796

Office: C520, Anderson Complex 

Office Hours: By appointment.

Scope of the Course:

This course uses complexity science to bridge between old and new conceptions of social science. Newtonian science, neo-classical economics, and existing social sciences, in general, all build on the assumptions: 

1. That all the basic “agents” comprising phenomena (atomic particles, atoms, molecules, organisms, people, groups, firms, etc.) are “homogeneous” and that the behavior of one is “independent” of the behavior of the others; and 
2. Go forward in time under equilibrium conditions (interspersed with occasional, short-term disequilibrium periods). 
None of these assumptions hold for most of human behavior in social settings. So, what to do to do good science?

“New” Economics, “New” Management, “New” Social Science, Complexity Science, and Agent-based Models posit that order-creation is the dominant condition of social systems and that order-creation is the outcome of interactions among semi-autonomous heterogeneous agents. In New Science, equilibrium conditions are not things to be assumed but rather to be marveled at and studied if, when, and where they occur. New Science (mostly complexity science) simply accepts agents as stochastically idiosyncratic—but frequently interacting—and then asks why and how macro structures emerge.

Complexity science focuses on “order-creation” rather than the “order-translation” process underlying the 1st Law of Thermodynamics (energy conservation), and replaces the 19th century mathematics of neo-Classical economics, management, and social science with agent-based computational models (ABMs). Since order-creation is a more characteristic aspect of social phenomena than order-translation, it follows that New Science ABMs map onto social phenomena better than math models styled after Classical physics and now dominating neo-Classical economics. After all, People are the Brownian motion! The key question becomes, How to research social systems as complex adaptive systems, in which agents and emergent structures coevolve in the context of pressures from ever changing environmental contexts?
Increasingly we see that order-creation processes lead to power law distributions. Power law phenomena exhibit Paretian rather than Gaussian distributions. The difference lies in assumptions about interconnectivity. In a Gaussian distribution data points are assumed to be independent-additive (i.i.d.—independent, identically distributed); these events generate normal distributions, which sit at the heart of modern statistics. When causal elements are independent-multiplicative they produce lognormal distributions, which turn into Pareto distributions as causal complexity increases. When events are interactive, normality in distributions is not the norm. Instead, Pareto distributions dominate because positive feedback processes (or other scale-free dynamics) occur with higher probability than “normal” Gaussian-based statistics lead us to expect. Power laws increase dramatically as connectivity among employees, firms, industries, etc., increases; this due to digitization. This trend suggests that the i.i.d. assumption is increasingly mis-applied. Pareto distributions usually represent underlying fractal structures and scale-free causes. They mostly appear as rank/frequency distributions. Bottom line: The newly recognized phenomenon of importance indicated by the increasing discovery of power law distributions is the rank/frequency distribution. The irony of it all is that if all the researchers expecting normal distributions by applying the Law of Large Numbers actually did so they would, as often as not, discover rank/frequency distributions.

New Science is often called rule-based or bottom-up science. The idea is to explain the emergence of macro social phenomena—such as networks, groups, organizations, and larger structures—by taking extant theories and translating them into the “rules” that autonomous heterogeneous agents have to be following in order for such structures to emerge. Furthermore, agents (people) adaptively learn and coevolve with other learning agents and higher-level social structures—both upward and downward causality involved. Some of the research questions are: 

1. What are the active agent rules? Why do agents follow some rules and not others? 

2. How and when do agents’ rules change? 

3. What kinds of emergent social phenomena arise from interacting and learning agents?

4. What role do contextual energy differentials (adaptive tension) play in motivating agent behaviors?

5. How to “lead” agents to produce more economically viable teams, new product developments, entrepreneurial ventures, and generally, more effective socioeconomic and/or organizational (complex adaptive) systems?

Complexity scientists use agent-based models—often termed “adaptive learning models” to 

1. Meet the model-centered epistemology of modern philosophy of science; 

2. Model social phenomena without the warping homogeneity, independence, and equilibrium assumptions inherent in math models;

3. Run computational experiments over time to more fully understand the interactions of nonlinearly related variables (rather than simply linearizing them) related to self-organizing phenomena.

Modern computers allow the use of increasingly sophisticated agent-based adaptive-learning models such as cellular automata, genetic algorithms, and neural networks. These offer methods of studying how macro structures emerge from the interactions of stochastically idiosyncratic, learning, agents. They are the methods of choice of many complexity scientists. Since people are the Brownian motion in social systems, it is surely ironic that the use of these models in the social sciences considerably lags their use in the physical and life sciences. There are far more cites per journal in natural science than in social science. This course introduces you to the logic of agent-based theorizing, the different kinds of model platforms, and gets you started in the process of developing the agent “simple rules” that allow one to translate from old to new ways of modeling social phenomena. 

Since this version is ostensibly a required core course for the PhD Program in HROB, I begin with two Sessions of more traditional organization theory approaches and concerns. Then I shift to applications of complexity science to organization studies. I end with my newest concern, “Pareto-based Organization Science.” There is more and more reason to believe that much of organizational phenomena, and human phenomena in and around organizations violates the traditional i.i.d. presumption. Instead of always studying presumed “normal” distributions with Gaussian statistics, in fact, organizational researchers are studying Pareto rank/frequency distributions. How to do good science when doing this? Not surprisingly, this calls for rather significant changes in theory development and research methods.

Grading is based on a 10-page term paper in which you take on the challenge of applying complexity science thinking to an area of primary interests that you find most interesting.

Readings stem from several disciplines. Some may seem outlandish; some of them are. None are required. But, it would facilitate class discussions and learning if students each focus on a different reading for each class and come to class prepared to “present” main ideas from it—critiques are also allowed—so as to foster general discussion of the topic. 

Motivation & “Conversion:” My interest lies more in Changing the Way You Think about organization and human connective behavior, and then how to theorize and conduct appropriate research rather than worrying about how much material you actually read. 

Presentations by myself will also occur.

You can see that there are too many class sessions. We will have to decide which ones to drop.

Outline:

I. Organization Theory Review & Critique

1. Organizational Ecology

2. Organizational Economics

3. Organizational Networks

4. Positivism vs. Postmodernism vs. Scientific Realism and Campbellian Realism

II. Introduction to Order-Creation Science: Studying Emergent Complexity

5. Introduction to “New” Social Science

6. Tension in a Teapot: European School—Order Creation among the Dead

7. Slime Mold, Ants, Bees, & Emergence: American School—Order Creation among the Living

8. Emergent Social Phenomena—SFI Continued

9. Jack Welch’s Secret: Complexity Leadership

10. Application to Organizations

III. Power Laws, Scale-Free Causes, & Rank/Frequency Research

11. Living at the Edge—Self-Organized Criticality

12. On the Power of Power Laws: Lessons from Econophysics

13. Scale-free Causes of Power Laws and Scalability

14. Pareto-based Science

IV. Doing Science Better

15. Getting the Philosophy of Science Right: Scientific Realism

16. Model-centered Science: Science is Based on Models

V. Multi-Agent Models: Design and Applications

17. Mike Macy’s Use of the Genetic Algorithm

18. Kauffman’s NK Model: A Cellular Automata Application

19. Blake LeBaron’s Model of the Stock Market

20. Kathleen Carley’s Construct and Orgahead Models

VI. Issues and Choices in Model Design

21. Basics on Model Design & Validation

22. Choosing Between Complex Real World and Idealize Model

Unit I: Organization Theory Review & Critique

Mar 31 (Session 1a): Organizational Ecology
a. Alison Blake-Davis’s Syllabus on “Organization Theory & Design” vs.

b. J. Baum 2006. “Organizational Ecology.” Ch. 1.2, Clegg et al. Handbook of Organization Studies. vs. 

c. T. Lawrence & R. Suddaby 2006. “Institutions and Institutional Work.” Ch. 1.6, Clegg et al. vs.

d. Ecological chapters in A. Lomi & E. Larson’s 2001. Dynamics of Organizations vs.

e. Chris Anderson’s 2006. The Long Tail. Random House Business Books. 

(Session 1b): Organizational Economics
a. J. Barney & B. Hesterly 2006. “Organizational Economics.” Ch. 1.3, Clegg et al. vs. 

b. Charles Fine’s 1998. Clockspeed. Perseus Books Group. [about supply chain management] vs.

c. Chapters 1–6 in Besanko et al.’s 2000. Organizational Economics (2nd ed.) vs.

d. “Smart Parts” Logistics Systems:

i. Goldsby, T. J., & J. A. Eckert 2003. “Electronic Transportation Marketplaces: A Transaction Cost Perspective.” Industrial Marketing Management 32: 187–198. 

ii. Nair A. 2005. “Emerging Internet-enabled Auction Mechanisms in Supply Chain.” Supply Chain Management: An International Journal 10(3): 162–168.

iii. Wycisk, C. et al. 2008. “Smart Parts” Logistics Systems as Complex Adaptive Systems.” International Journal of Physical Distribution & Logistics Management, 38(2): 108–125.
iv. McKelvey, B. et al. 2008. “Designing Learning Capabilities of Complex ‘Smart Parts’ Logistics Markets: Lessons from LeBaron’s Stock Market Computational Model. To be submitted to the International Journal of Production Economics. March.
Apr 7 (Session 2a): Organizational Networks
a. Random selection of pre-2000 organizational network studies (internal or external) vs. 

b. K. Porter & W. Powell 2006. “Networks and Organizations.” Ch. 2.14, Clegg et al. vs.

c. A.-L. Barabási’s 2002. Linked: The New Science of Networks. Perseus: Cambridge, MA. vs.
d. M. Newman, A.-L. Barabási, & D. Watts. (eds.) 2006. The Structure and Dynamics of Networks. 
e. Management Science 2007, Vol. 53—Special Issue on Complexity: 

i. Nunes Amaral, Luis A., & B. Uzzi 2007. “Complex Systems—A New Paradigm for the Integrative Study of Management, Physical, and Technological Systems.” Pp. 1033–1035.

ii. Conventional Articles by: 

(1) Hanaki, N. et al. 2007. “Cooperation in Evolving Social Networks.” Pp. 1036–1050. 

(2) Schilling, M. A., & C. C. Phelps 2007. “Interfirm Collaboration Networks: The Impact of Large-Scale Network Structure on Firm Innovation.” Pp. 1113–1126. 

iii. Power Law Articles by: 

(1) Cowan, R. et al. 2007. “Bilateral Collaboration and the Emergence of Innovation Networks.” Pp. 1051–1067.

(2) Braha, D. & Y. Bar-Yam 2007. “The Statistical Mechanics of Complex Product Development: Empirical and Analytical Results” pp. 1127–1145.

(3) Kogut, B. et al. 2007. “Emergent Properties of a New Financial Market: American Venture Capital Syndication, 1960–2005.” Pp. 1181–1198. 

(Session 2b): Positivism vs. Postmodernism vs. Scientific Realism vs, Campbellian Realism
a. M. Alvesson & S. Deetz 2006. “Critical Theory & Postmodernism” Ch. 1.7, Clegg et al. vs.

b. M. Calás & L. Smircich 1999. “Past postmodernism? Reflections and tentative
        directions.” Academy of Management Review, 24: 649–671, vs.

c. G. Holton’s 1993. Science and anti-science. Cambridge, MA: Harvard U. Press. vs.

d. Others:

i. McKelvey, B. 1999. “Toward a Campbellian Realist Organization Science.” In J. A. C. Baum and B. McKelvey, eds. Variations in Organization Science: In Honor of Donald T. Campbell. Thousand Oaks, CA: Sage, 383–411.
ii. McKelvey, B. 2003. “Postmodernism vs. Truth in Management Theory.” In E. Locke, ed. Post Modernism and Management: Pro’s, Cons and the Alternative. Research in the Sociology of Organizations, Vol. 21. Amsterdam, NL: Elsevier Science, 113–168.
iii. Stablein, R. 2006. “Data in Organization Studies.” In Clegg et al., pp. 347–369.

iv. Flyvbjerg, B. 2006. “Making Organization Research Matter: Power Values and Phronesis.” In Clegg et al., pp. 347–369.

v. Calás, M. B., & L. Smircich 2006. “From the ‘Woman’s Point of View’ Ten Years Later.” In Clegg et al., pp. 284–346.

Unit II: Introduction to Order-Creation Science: Studying Emergent Complexity

Apr 14 (Session 3a): INTRODUCTION TO “NEW” SOCIAL SCIENCE

e. Overview:

i. Session Design and Performance Requirements

ii. Non-Equilibrium, Complexity, and Order-Creation Science

iii. Scientific Realism and Model-Centered Science

iv. Bottom-Up Science and Agent-based Computational Modeling

f. Nobel Laureate Murray Gell-Mann on “What is Complexity

i. Effective Complexity

ii. Two Kinds of Regularities to be Studied

(1) Law-Like Regularities

(2) Scale-free Regularities

iii. Scalability

(1) Annie Oakley, Kaiser Wilhelm and Frozen Accidents

(2) Middle-level Theory

(3) Disasters and Disaster Prevention—and some Good Extremes as well

(4) Tiny Initiating Events, Butterfly-Events, Butterfly-Effects, Butterfly-Levers

g. Readings: 
i. Gell-Mann, M. 2002. “What is Complexity?” In Curzio & Fortis (eds.), Complexity and Industrial Clusters. 

ii. McKelvey, B. 2006. “Note on Gell-Mann’s 2002 Chapter: ‘What is Complexity?’”
iii. Wikipedia:  “Complex System.”   http://en.wikipedia.org/wiki/Complex_system      OR      

iv. Wikipedia:  “Complexity.”   http://en.wikipedia.org/wiki/Complexity
v. Lewin, R. 1993. Complexity: Life at the Edge of Chaos, Chicago, IL: University of Chicago Press.
vi. Casti, J. L. 1995. Complexification, New York: HarperPerennial.
(Session 3b): tension in a teapot:  EUROPEAN SCHOOL—Order Creation among the Dead
a. Order-Creation Essentials: Imposed Energy and the 1st Critical Value

i. The Teapot and Henri Bénard’s Dissertation in 1901 

ii. Fluids, Energy, and the 1st & 2nd Critical Values

b. Thermodynamics and Energy-effects in Physical Systems

i. Prigogine’s Dissipative Structures and Irreversibility of Time

ii. Prigogine’s Tension between 1st and 2nd Laws of Thermodynamics

c. Order Creation at the Edge of Order

i. The Region of Emergent Complexity

ii. Order via Chaotic Enslavement at the Edge

iii. Toward the 0th Law of Thermodynamics

d. Organizational Application

e. Readings:
i. Haken, H. 1983. “Goal: Why You Might Read This Book.” Synergetics. Springer-Verlag, 1–8.

ii. McKelvey, B. 2007. “Note on Emergent Order Creation between the Edges of Order & Chaos.”

iii. McKelvey, B. 2004. “Toward a 0th Law of Thermodynamics: Order-Creation Complexity Dynamics…” Journal of Bioeconomics, 6: 65–96.
iv.  Prigogine, I. & I. Stengers, 1984. Order Out of Chaos.

v.  Prigogine, I. (w/ I. Stengers) 1997. The End of Certainty: Time, Chaos, & the New Laws of Nature.
vi.  Mainzer, K. 1997. Thinking in Complexity.

Apr 21 (Session 4a): Slime MOLD, ants, Bees & Emergence: AMERICAN SCHOOL—Order Creation among the Living
a. From Force-based (“Cue-stick”) Science to Bottom-up (Living) Agent-based Science

b. Order-Creation Essentials: Motive-to-Connect (fitness), Heterogeneity & Connections

c. Key Aspects of Complex Adaptive Systems: Holland’s Six Criteria

d. Tension vs. the Interaction of Agents:

i. Agent Activation by Tension vs. by Fitness

ii. When does it become Important to Study Agent Rules rather than Imposed Tension?

e. Levels of Biological Emergence: Emergent Scalability

i. Primordial Pool, DNA Biomolecules, Organelles, Cells

ii. Organisms—Slime Mold, Ant & Bee Colonies, etc.

iii. Species and Ecologies

iv. And then Bigger Brains and Human Dominance (except for anti-drug resistant bacteria!)

f. Readings:
i. Johnson, 2001. “Street Level [about ants].” Emergence: The Connected Lives of Ants, Brains, Cities, and Software. Scribner.

ii. Chu, D., R. Strand & R. Fjelland 2003. “Theories of Complexity.” Complexity, 8: 19–30.

iii. Camazine, et al. 2001. “What is Self-Organization?” (Chapter 1) and “How Self-Organization Works” (Chapter 2), in Self-Organization in Biological Systems, Princeton.

iv. Solé, R., & B. Goodwin, 2000. “Ants, Brains, Chaos.” In Solé, Goodwin, Signs of Life….

v. Solé, R., & B. Goodwin, 2000. Signs of Life: How Complexity Pervades Biology. Basic Books

(Session 4b): Emergent Social Phemonema—SFI Continued
a. From Chaos to Complexity

i. The Edge of Order

ii. The Edge of Chaos

iii. Chaos & Complexity Theory—The Map

iv. Fractals and Scalability in Common

b. Basic Bio-Social Order-creation Dynamics—What is Carried Over from Biology

i. From Animals to People and Social Systems: How Different is Emergence? 

ii. What is different between the rabbit/fox ecology and social ecologies in, US, China, India, Africa?

c. Key Differences

i. Cognition and Memory

ii. More Kinds of Connectivity and Change

iii. More Complicated Complexities

d. Emergence in Societies/Economies: Does Complexity Science Offer Anything New?

e. Why are Organizations Different from Physical, Biological, and Other Social Systems?

f. Readings:

i. Seel (2003). “Emergence in Organizations,” [WWW]
ii. Wikipedia:  “Emergence,”   http://en.wikipedia.org/wiki/Emergence
iii. Marion, R. & J. Bacon 1999. “Organizational Extinction & Complex Systems.” Emerge. 1(4):  71–96.

iv. Meyer, A. D. & T. H. Chiles 2001. “Managing the Emergence of Clusters….” Emergence, 3(3): 58–89.

v. Goldstein, J. 2000. “Emergence: A Construct Amid…Conceptual Snares.” Emergence, 2(1): 5–22.

vi. Heylighen, F. 2008. “Self-organization, Emergence and the Architecture of Complexity.” Proceedings of the 1st European Conference on System Science (AFCET, Paris), pp. 23–32.

vii. Griffin, D. 2002. The Emergence of Leadership:…Self-organization, Ethics. London: Routledge.
viii. Fonseca, J. 2002. Complexity and Innovation in Organizations. London: Routledge.
ix. Hazy, J., et al. 2007. Complex Systems Leadership Theory. Mansfield, MA: ISCE Publishing.
x. Uhl-Bien, M., & R. Marion 2008. Complexity Leadership. Charlotte, NC: Information Age Publishing.
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Apr 28 (Session 5a): Jack Welch’s Secret: Complexity Leadership
a. Why Jack Welch?

i. CEO for 20 years; Most CEOs are now “temp” workers!

ii.  He was Manager of the Century. 

iii. Created more shareholder value than anyone else!

b. The AIDS Cocktail Analogy

i. One Pill vs. the Cocktail

ii. One or Two Rules vs. the Whole Set

c. Summarizing Complexity Theory: Why These 12?

d. The 12 Simple Rules

e. Readings:
i. Wikipedia: “Organizational studies”   http://en.wikipedia.org/wiki/Organizational_theory
ii. Mackey, A., et al. 2006. Churning, AIDS, and Welch. Presented at AOM Conference.
iii. McKelvey, B. 2004. 1st Principles of Efficacious Adaptation. Working paper, UCLA.
iv. Slater, R. 2001. Get better or get beaten: 29 leadership secrets from GE’s Jack Welch. New York: McGraw-Hill.

 (Session 5b): APPLICATIONS TO ORGANIZATIONS

a. Discuss Pascale et al. 2000. 
Surfing the Edge of Chaos: The Laws of Nature and the New Laws of Business. Three Rivers Press.
b. Discuss Maguire et al. 2006. 
“Organizational Complexity Science”. S.R. Clegg et al. (eds). Handbook of Organizational Studies (2nd ed.) Thousand Oaks, CA: Sage, pp. 165–214.
UNIT III: POWER LAWS, SCALE-FREE CAUSES, & RANK-FREQUENCY RESEARCH
May 5 (Session 6a): Living at the Edge—Self-organized Criticality
a. Bak’s Self-Organized Criticality

i. Sandpiles and Avalanches

ii. Defining it

iii. Universal Law?

b. Sandpiles and Avalanches

c. At the Edge of Adaptive Success in Biology

i. Criticality defined in terms of the “power law negatively sloping straight line”

ii. Criticality required for species adaptation in rank/frequency ecosystems

d. Self-organized Criticality in Social Systems

i. Criticality in rank/frequency social phenomena

ii. Criticality and organizational adaptation

iii. Criticality and stock markets

iv. Criticality and business ecosystems.

e. Readings:
i. Wikipedia:   “Self-organized Criticality,”   http://en.wikipedia.org/wiki/Self-organized_criticality
ii. Bak, P. 1996. “Complexity & Criticality,” Ch. 1 in How Nature Works.

iii. Frigg, R. 2003. “Self-organised Criticality—what it is and what it isn’t.” Stud. Hist. Phil. Sci. 34: 613–32.

iv. Brunk, G. G. 2002. “Why are so many Important Events Unpredictable? Self-organized Criticality as the ‘Engine of History.” Japanese Journal of Political Science, 3(1): 25–44.

v. Kovalev, O. V., et al. 1997. “Self-organized Criticality in the Model of Biological Evolution Describing Interaction of ‘Coenophilous’ & ‘Coenophobous’ Species.” Europhys. Lett., 40: 471–476.

vi. Iansiti, M. & Levien, R. 2004. “Strategy as Ecology.” Harvard Business Review, (March): 69–78.

vii. Bak, P. 1996. How Nature Works: The Science of Self-Organized Criticality. Springer-Verlag 

 (Session 6b): On the Power of Power Laws: Lessons from Econophysics
a. Defining Fractals, Power Laws, and Scale-free Theory

b. Math-based Fractal Geometry vs. Living Adaptive Fractals

c. Power Laws as Indicators of Rank/Frequency Pareto Distributions vs. Causes

d. 80 Kinds of Power Laws

e. Social and Organizational Application

f. Readings:
i. Blog by John Hagel 2006. “The Power of Power Laws.”
http://edgeperspectives.typepad.com/edge_perspectives/2007/05/index.html
ii. Buchanan, M. 2004. “Power Laws & the New Science of Complexity Management,”   www.strategy-business.com
iii. Andriani, P. & B. McKelvey 2005/06. “Tables of 80 Kinds of Power Laws & 15 Scale-free Theories”

iv. Andriani, P., & B. McKelvey 2007. “Beyond Gaussian Averages: Redirecting Management Research to Extreme Events and Power Laws.” Journal of International Business Studies, 38: 1212–1230.
v. Malamud, B. D. 2004. “Tails of Natural Hazards.” Physics World (Aug.): 31–32.

vi. Stanley, M. H. R., L. A. N. Amaral, S. V. Buldyrev, S. Havlin, H. Leschhorn, P. Maass, M.A. Salinger, & H. E. Stanley, 1996. “Scaling Behavior in the Growth of Companies.” Nature 379(6568): 804–806.
vii. Axtell, R., 2006. “Firm Sizes: Facts, Formulae, Fables and Fantasies.” Working paper.
viii. Newman, M., A.-L. Barabási, & D. J. Watts. (eds.) 2006. The Structure and Dynamics of Networks. Princeton University Press, Princeton, NJ.
May 12 (Session 7a): Scale-free Causes of Power Laws and Scalability

a. Romanesque Broccoli and Scalability

i. Tiny Initiating Events, Butterfly Events and Butterfly Levers

ii. Multiple Levels; Gell-Mann’s “Middle Level Theory”

b. Scalability Examples

i. Negative Extremes: Challenger & Pioneer Disasters, 9/11, 

ii. Positive Extremes: Organizations, Microsoft, Google

iii. Chris Anderson’s Long Tailing in Web-based Markets

c. 15 Scale-free Theories 

i. Fixed Exponents

ii. Combinations

iii. Positive Feedback Spirals

iv. Contextual Effects

d. Managing the Tails of Rank/Frequency Distributions

i. Enabling  Positive Levers

ii. Shutting Down Negative Levers

e. Readings:
i. Wikipedia:  “Fractals,”   http://en.wikipedia.org/wiki/Fractal     OR See other sites at Google “Fractals”
ii. Strogatz, S. H. 2005. “Romanesque Networks.” Nature, 433 (Jan.): 365–366.

iii. Bragin 2008. “Fractals: The Real Geometry of Nature” (Slide presentation)

iv. Andriani, P. & B. McKelvey 2007. “Extremes & Scale-Free Dynamics in Organization Science…”
v. Gladwell, M. 2006. “Million Dollar Murray.” The New Yorker.

vi. Newman, M. E. J. 2005. “Power Laws, Pareto…and Zipf’s Law.” Contemp. Physics 46(5): 323–351.
vii. West, B. J. and B. Deering 1995. The Lure of Modern Science: Fractal Thinking, Singapore: World Scientific.
 (Session 7b): PARETO-BASED SCIENCE

a. Rank/Frequency Pareto Distributions—Short Review

i. Mosquitoes vs. Elephants; Ma&Pa stores vs. Wal-Mart; You vs. Bill Gates

ii. Researching the Upper-left Tail: Gaussian Statistics and Micro-Niches

iii. Research the Extremes in the Lower-right Tail: When N = 1, or Very Small.

b. Researching in a Pareto World

i. When is it “Normal” and When is it “Pareto”

ii. Searching for Scale-free Causes and Scalability

iii. Getting Better Samples of Outliers

iv. Learning from How Geologists Study #9 Quakes

c. Readings: 

i. McKelvey, B., & H. Benbya 2008. “Pareto-based Science: Researching Rank/Frequency Phenomena” 

ii. CALL for Special Issue of Organization Science
iii. Wikipedia:  “Hermeneutics,”   http://en.wikipedia.org/wiki/Hermeneutics
iv. Wikipedia:  “Coherence theory of Truth,”   http://en.wikipedia.org/wiki/Coherence_theory_of_truth
http://en.wikipedia.org/wiki/Coherentism
v. Check various other Google “hits” on “Coherence Theory”:

vi. Krugman, P. 1996. The Self-Organizing Economy, Blackwell: Malden, MA.
Unit IV: Doing Science Better

May19 (Session 8a):  Getting the Philosophy Right: SCIENTIFIC REALISM

a. Logical Positivism & Logical Empiricism

b. Scientific Realism

i. The Semantic Conception

ii. Evolutionary Epistemology

iii. Campbellian Realism

c. Theories as Maps

d. Readings:
i. Fine. A. 1998. “Scientific Realism and Antirealism.” Routledge Encyclopedia of Philosophy.

ii. McKelvey, B. 1997. “Quasi-natural Organization Science.” Organization Sci., 8: 351–381.

iii. McKelvey, B. 1999. “Toward a Campbellian Realist Organization Science.” In J. A. C. Baum & B. McKelvey (eds.), Variations in Organization Science. Thousand Oaks, CA: Sage, 383–411.
iv. Azevedo, J. 2002. “Updating Organizational Epistemology.” In J. A. C. Baum (ed.), Companion to Organizations. Oxford, UK: Blackwell, 715–732.

v. McKelvey, B. 2004. “Toward a Complexity Science of Entrepreneurship.” Journal of Business Venturing, 19: 313–341. 

vi. Azevedo, J. 1997. Mapping Reality: An Evolutionary Realist Methodology for the Natural and Social Sciences, Albany, NY: State University of New York Press.

(Session 8b): MODEL-CENTERED SCIENCE: Science is Based on Models!

a. The Legacy of Positivism

i. Centrality of Models in Science

ii. Centrality of Experiments in Science

b. Models as Autonomous Agents and Mediators

c. Model-Centered Science

d. Readings:
i. Wikipedia.   “Epistemology”      http://en.wikipedia.org/wiki/Epistemology   
ii. Morgan, M., & M. Morrison & 2000. “Models as Mediating Instruments” (Ch. 2). In Morgan & Morrison, 10–37.

iii. McKelvey, B. 2001. “Foundations of “New” Social Science: Institutional Legitimacy…Philosophy, Complexity Science, Postmodernism, and Agent-based Modeling,” Presented at the Sackler Colloquium. Sponsored by the National Academy of Sciences. Irvine, CA.
iv. Henrickson, L, & B. McKelvey 2002. “Foundations of “New” Social Science: Institutional Legitimacy…Philosophy, Complexity Science, Postmodernism, and Agent-based Modeling,” Proceedings…National Academy of Science. 99: 7288–7297.
v. McKelvey, B. 2002. “Model-Centered Organization Science Epistemology,” plus “Glossary of Epistemology Terms.” In J. A. C. Baum, ed. Companion to Organizations. Oxford, UK: Blackwell, 752–780, 889–898.
vi. Read, D. W. 1990. “The Utility of Mathematical Constructs in Building Archaeological Theory.” In A. Voorrips (ed.), Mathematics and Information Science in Archaeology: A Flexible Framework. Bonn: Holos, 29–60. Available at:   http://repositories.cdlib.org/hcs/DWR1990/
vii. Morgan, M. S., & M. Morrison (eds.) 1999. Models as Mediators: Perspectives on Natural and Social Science. Cambridge, UK: Cambridge U. Press.

 Unit V: Multi-Agent Models: Design and Applications

May 26 MEMORIAL DAY HOLIDAY——Need to find another day/time  

Date? (Session 9a): INTRODUCTION TO AGENT-BASED MODELING & BOTTOM-UP SCIENCE

a. From Force-based to Rule-based Science

b. Defining “Bottom Up” Science

c. Defining “Agents”

d. Introduction to Basic Modeling Platforms:

i. CAs—Cellular Automata

ii. GAs—Genetic Algorithms

iii. Neural Networks

e. Strengths and Weaknesses of Each Platform

f. Readings:
i. Rauch, J. 2002. “Seeing Around Corners.” Atlantic Monthly, April: 35–48.
ii. Ball, P. 2007. “Social Science Goes Virtual.” Nature (Books & Arts). 448(Aug. 9): 647–648.

iii. Conte, R. 2007. “Review” of J. Epstein’s Book: Generative Social Science: Studies in Agent-Based Computational Modeling. Princeton U. Press.

iv. Page, S. E. 1999. “Computational Models from A to Z.” Complexity 5(1): 35–41.

v. Macy, J. W., & R. Willer 2002. “From Factors to Actors: Computational Sociology and Agent-based Modeling.” Annual Review of Sociology, 28: 143–166.  

vi. Epstein, J.  2006. “Remarks on the Foundations of Agent-Based Generative Social Science.” In L. Tesfatsion & K. Judd (eds.), Handbook of Computational Economics, Vol. 2. Elsevier.

vii. Epstein, J. 2007. Generative Social Science: Studies in Agent-Based Computational Modeling. Princeton U. Press.
viii. Miller, J., & S. Page 2007. Complex Adaptive Systems: An Introduction to Computational Models of Social Life. Princeton University Press.
ix. North, M. & C. Macal 2007. Managing Business Complexity: Discovering Strategic Solutions with Agent-based Modeling and Simulation. Oxford University Press.
(Session 9b):  MIKE MACY’S USE OF THE GENETIC ALGORITHM

a. Biological Basis of the Genetic Algorithm (GA)

i. Chromosomes and Genes

ii. Crossover, Mutation, Mating & Offspring

b. Translation into the Computational GA

c. GA Design

i. The Macy/Skvoretz Example

ii. Going Through Their Paper: Structure of the Paper; Design of the GA

iii. Their Approach Compared to Other Options

d. Advantages and Disadvantages of the GA for Organizational and Social Modeling

e. Readings:
i. Flake, G. W. 1999. Chapter 20: “Genetics and Evolution” 

ii. Macy, M. W., & J. Skvoretz 1998. “The Evolution of Trust and Cooperation between Strangers: A Computational Model.” American Sociological Review, 63: 638–660.

iii. Axelrod, R. 1987. “Evolving New Strategies: The Evolution of Strategies in the Iterated Prisoner’s Dilemma.” In L. Davis (ed.), Genetic Algorithms and Simulated Annealing. London: Pitman.

Jun 2 (Session 10a):  STU KAUFFMAN’S NK MODEL: A CELLULAR AUTOMATA APPLICATION

a. CA Platform; Started circa 1969

b. Analysis of N and K effects; and the C effects

c. Peaks, Valleys, Nash Equilibria, Boolean Algebra, Cell Functions

d. “Tuning” the (Adaptive) Fitness Landscape; Rugged Landscapes

e. “Complexity Catastrophe” and Moderate Complexity Effects

f. Our Critique!

g. Readings:
i. Thomas, R. “Games, Life and the Game of Life,”
http://plus.maths.org/issue20/features/conway/index.html
ii. Flake, G. W. 1999. Chapter 15: “Cellular Automata” 
iii. Levinthal, D. 1997. “Adaptation on Rugged Landscapes.” Management Science, 43: 934–950.

iv. McKelvey, B. 1999. “Avoiding Complexity Catastrophe in Coevolutionary Pockets.” Organization Science, 10: 294–321.

v. Rivkin, J. 2000. “Imitation of Complex Strategies.” Management Science, 46: 824–844.

vi. Rivkin, J. 2001. “Reproducing Knowledge….” Organization Science, 12: 274–293.

vii. Yuan, Y., & B. McKelvey 2004. “Situated Learning theory: Adding Rate and Complexity Effects via Kauffman’s NK Model.” Nonlinear Dynamics, Psychology, and Life Sciences, 8: 65–102.

(Session 10b):  BLAKE LEBARON’S MODEL OF THE STOCK MARKET

a. Modeling the Stock Market  Dynamics

b. Validation of the Model

c. LeBaron’s Multi-Platform Model

i. Basic Market Behavior—Uses a CA Model

ii. Agent-Investor Behavior—Uses a GA Model

iii. Development of Investment Strategies—Uses a Neural Net Model

d. What Happens When Agents Lose Heterogeneity

e. Readings:
i. Best, B. No date? “An Overview of Neural Networks,”   http://www.benbest.com/computer/nn.html
ii. Wikipedia.  “Neural Networks,”   http://en.wikipedia.org/wiki/Neural_networks
iii. LeBaron, B. 2000. “Empirical Regularities from Interacting Long and Short Member Investors.” IEEE Transactions on Evolutionary Computation, 5(5): 442–455.

iv. LeBaron, B. 2001. “Volatility Magnification and Persistence in an Agent-Based Financial Market.” 
v. LeBaron, B. 2002. “Calibrating an Agent-based Financial Market.” Working paper, Brandeis Univ.
(Session 10c):  KATHLEEN CARLEY’S “ORGAHEAD” and “CONSTRUCT-O” MODELS

a. Tasks and Changing Environments

b. Hierarchy and Emergent Teams

c. Readings:
i. Carley, K. M. 2001. “Smart Agents and Organizations of the Future.” Working paper, CMU.

ii. Carley, K. M., & D. Svoboda 1996. “Modeling Organizational Adaptation as a Simulated Annealing Process.” Sociological Methods and Research, 25: 138–168.

iii. Carley, K. M., & V. Hill 2001. “Structural change and learning within organizations.” In A. Lomi & E. R. Larsen (eds.), Dynamics of Organizational Societies. Cambridge, MA: MIT/AAAI Press, 63-92.

iv. Carley, K. M., & L. Gasser 1999. “Computational Organization Theory.” In Multiagent Systems: A Modern Approach to Distributed Artificial Intelligence. G. Weiss (ed.), MIT Press.

Unit VI: Issues and Choices in Model Design

Extra (Session 11a):  BASICS ON MODEL DESIGN & VALIDATION

a. Contractor et al.’s Model of Anthony Giddens’s Structuration Theory

i. Anthony Gidden’s Theory—Finding the Key Variables
ii. The Basic Model—How it Works

iii. Translating the Variables into Stylized Facts and then into Agent “Simple Rules”

iv. Validating the Rules in Basic Social Science Research

v. Designing the Human Experiment

vi. Model Results and Implications

vii. Pluses and Minuses of Their Approach

b. Docking as a Means of Model Validation

i. What “Docking” Means

ii. What Can Be Wrong in Models

(1) Bad Theory-to-Model Connection

(2) Model is Improperly Designed

(3) Model is “Cooked” or “Wrapped”

(4) Model is Too Simple or Too Complicated

c. Readings:
i. Wikipedia:  “Structuration”   http://en.wikipedia.org/wiki/Structuration_theory  

ii. Contractor, N., et al. 2000. “Structuration Theory and Self-Organizing Networks.” Working paper.

iii. Rouchier, J. 2003. “Re-Implementation of a Multi-agent Model Aimed at Sustaining Experimental Economic Research.” JASSS   http://jasss.soc.surrey.ac.uk/6/4/7.html
iv. Axtell, R. et al. 1996. “Aligning Simulation Models [“docking”]: A Case Study and Results.” Computational and Mathematical Organization Theory, 1: 123–141.

(Session 11b):  CHOOSING BETWEEN COMPLEX REAL WORLD AND IDEALIZED MODEL

a. Models as Maps; Subway Maps

b. Review of Role of Models in Good Science

c. KISS vs. Veridicality:  Too Simple vs. Too Complex

d. What is Just Right?

i. Docking with Other Models

ii. Validating Against Real-World Criteria

iii. Clear Connection between Manipulated Independent Variable and Outcome

e. Building an Agent-based Computational Model

i. Building Multi-agent Systems

ii. From Simple Models to Complex Results

f. LeBaron’s Guidelines for Model Building

g. Readings:
i. Carley, K. M. 2002. “Simulating Society: The Tension between Transparency and Veridicality.” Proceedings of Agent 2002, Chicago, IL.

ii. Carley, K. M. 1999. “On Generating Hypotheses Using Computer Simulations.” Proceedings, ISCCRT, June, Newport RI.

iii. Gilbert, N., & P. Terna 1999. “How to Build and Use Agent-based Models in Social Science.” Working paper.

iv. LeBaron, B. 2001. “A Builder’s Guide to Agent-Based Financial Markets,” Quantitative Finance, 1, 254–261.

Foundational Books (for your information, not required reading)

1. Order Out of Chaos (Ilya Prigogine & Isabelle Stengers, 1984).
2. Complexity: Life at the Edge of Chaos (Roger Lewin, 1992/1999).
3. Increasing Returns and Path Dependence in the Economy, (Brian Arthur, 1993).

4. Origins of Order (Stewart Kauffman, 1993).
5. Complexification (John Casti 1994).
6. Thinking in Complexity (Klaus Mainzer, 1994/2004).
7. At Home in the Universe (Stewart Kauffman, 1995).
8. The Lure of Modern Science: Fractal Thinking (Bruce West & Bill Deering, 1995).
9. How Nature Works: The Science of Self-Organized Criticality (Per Bak, 1996).
10. The Self-Organizing Economy (Paul Krugman, 1996).
11. The End of Certainty: Time, Chaos, and the New Laws of Nature, (Ilya Prigogine, with Isabelle Stengers, 1997).
12. Complexity and Postmodernism (Paul Cilliers, 1998).
13. The Complexity Advantage (Susanne Kelly & Mary Allison, 1998).
14. Butterfly Economics (Paul Ormerod, 1998).
15. Evolutionary Systems: Biological and Epistemological Perspectives on Selection and Self-Organization (Gertrudis Van de Vijver, Stanley N. Salthe & Manuala Delpos, eds., 1998).
16. The Complexity Vision and the Teaching of Economics, (David Colander, ed. 2000).
17. Surfing the Edge of Chaos (Richard Pascale, et al., 2000).
18. An Introduction to Econophysics:…Complexity in Finance (Rosario Mantegna & Eugene Stanley, 2000).

19. Signs of Life: How Complexity Pervades Biology, (Ricard Solé & Brian Goodwin).

20. Emergence: The Connected Lives of Ants, Brains, Cities, & Software (Steven Johnson, 2001).
21. Linked: The New Science of Networks (Albert-László Barabási, 2002).
22. Sync: The Emerging Science of Spontaneous Order, (Steven Strogatz, 2003).
23. Hollywood Economics: How Extreme Uncertainty Shapes the Film Industry. (Arthur De Vany, 2004).
24. The Wisdom of Crowds, (James Surowiecki, 2004).
25. The Structure and Dynamics of Networks (Mark Newman, Duncan Watts, Albert-László Barabási, eds. 2006).

26. The Black Swan: The Impact of the Highly Improbable, (Nassim Taleb, 2007).

27. Complex Systems Leadership Theory, (Jim Hazy, Jeff Goldstein, & Benyamin Lichtenstein, 2007).
28. Complexity Leadership (Mary Uhl-Bien & Russ Marion (eds.), 2008).

29. A Realist Theory of Science, (Roy Bhaskar, 1975). [2nd ed., Verso, 1997].
30. Evolutionary Epistemology, Rationality, and the Sociology of Knowledge, (Gerard Radnitzky & W. W. Bartley, 1987).

31. The Semantic Conception of Theories and Scientific Realism. (Frederick Suppe, 1989) 

32. Mapping Reality (Jane Azevedo: 1997).
33. Economics & Reality (Tony Lawson, 1997).
34. Models as Mediators (Mary Morgan & Margaret Morrison, eds., 2000)
35. Growing Artificial Societies (Joshua Epstein & Robert Axtell, 1996)
36. Hidden Order (John Holland, 1996).
37. Would-Be Worlds: How Simulation is Changing the Frontiers of Science (John Casti, 1997).
38. Emergence: From Chaos to Order (John Holland, 1998).
39. Simulating Organizations (Michael Prietula, Kathleen Carley, & Les Gasser, 1998).
40. Simulation for the Social Scientist (Nigel Gilbert & Klaus Troitzsch, 1999).
41. Multi-Agent Systems: An Introduction to Distributed Artificial Intelligence, (Jacques Ferber, 1999).

42. Computational Modeling of Behavior in Organizations (Daniel Ilgen & Charles Hulin, eds., 2000).
43. Dynamics of Organizations: Computational Modeling and Organization Theories, (Alessandro Lomi & Erik Larson (eds.), 2001).
44. Chaos and Fractals (Heinz-Otto Peitgen, Hartmut Jürgens, & Dietmar Saupe (2nd ed.), 2004).

45. The Handbook of Computational Economics, Vol. 2 (Leigh Tesfatsion & Kenneth Judd, 2006)
46. The Difference: How the Power of Diversity Creates Better Groups, Firms, Schools, and Societies, (Scott Page, 2007).
47. Managing Business Complexity: Discovering Strategic Solutions with Agent-based Modeling…. Michael North & Charles Macal 2007).
48. Complex Adaptive Systems: An Introduction to Computational Models of Social Life, (John Miller & Scott E. Page 2007).
49. Generative Social Science: Studies in Agent-based Computational Modeling. Joshua Epstein, 2007). University Press.
The Best Agent Modeling Programs

NetLogo:       http://ccl.northwestern.edu/netlogo/      (~Java-based multi-agent platform)

Repast:          http://repast.sourceforge.net/                  (Java-based multi-agent platform)
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