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Complex Systems with Quantitative Literacy/Mathematics

● The Physics of Networks, by Mark Newman
● Thinking Outside the Cube, by César A Hidalgo
● The Power Grid as a Complex System, by Sara Robinson
● The Unruly Power Grid, by Peter Fairly
● If Smallpox Strikes Portland ..., by Chris L. Barrett, Stephen 

G. Eubank and James P. Smith
● Understanding Large-Scale Social and Infrastructure 

Networks: A Simulation-Based Approach, by Christopher L. 
Barrett, Stephen Eubank, V.S. Anil Kumar, and Madhav V. 
Marathe

● Science Special Issue on Complex Systems, (April 1999)
● Articles on complex systems, New England Complex 

Systems Institute
In the News

● "Using Math To Make Complex Systems Simple," Scott 
Simon and Keith Devlin, Weekend Edition, National Public 
Radio, 16 April 2011

http://ptonline.aip.org/journals/doc/PHTOAD-ft/vol_61/iss_11/33_1.shtml
http://chidalgo.com/Papers/HidalgoPhysicsWorld2008.pdf
http://www.siam.org/news/news.php?id=377
http://spectrum.ieee.org/energy/the-smarter-grid/the-unruly-power-grid
http://www.scientificamerican.com/article.cfm?id=if-smallpox-strikes-portl&ref=sciam
http://ndssl.vbi.vt.edu/Publications/largescalenetworks.pdf
http://ndssl.vbi.vt.edu/Publications/largescalenetworks.pdf
http://ndssl.vbi.vt.edu/Publications/largescalenetworks.pdf
http://www.sciencemag.org/content/284/5411.toc#special-issue
http://www.sciencemag.org/content/284/5411.toc#special-issue
http://www.necsi.edu/guide/examples.html
http://www.npr.org/2011/04/16/135464278/using-math-to-make-complex-systems-simple


More Complex Systems with QL/Mathematics from
The Mathematical Association of America
SIGMAA on Quantitative Literacy
QL in the Media

Essays referred to on the JPBM poster Unraveling Complex Systems are:
● Understanding Complex Systems: Population 

Interactions Resulting in Disease Transmission
by Sara Y. Del Valle and James P. Smith

● Understanding Complex Systems: Economic Impacts 
from Catastrophic Events
by Brian K. Edwards and Mary Ewers

● Organisms as Complex Systems
by John Guckenheimer (Cornell University)

● Cascading Failures: Extreme Properties of Large 
Blackouts in the Electric Grid
by Paul D.H. Hines, Benjamin O’Hara, Eduardo 
Cotilla-Sanchez, and Christopher M. Danforth

● Understanding Complex Systems:  Infrastructure 
Impacts by Darrin B. Visarraga

http://www.maa.org/
http://sigmaa.maa.org/ql/index.php
http://www.mathaware.org/mam/2011/essays/
http://www.mathaware.org/mam/2011/essays/complexsystemsDelValleSmith.pdf
http://www.mathaware.org/mam/2011/essays/complexsystemsDelValleSmith.pdf
http://www.mathaware.org/mam/2011/essays/complexsystemsDelValleSmith.pdf
http://www.mathaware.org/mam/2011/essays/complexsystemsEdwardsEwers.pdf
http://www.mathaware.org/mam/2011/essays/complexsystemsEdwardsEwers.pdf
http://www.mathaware.org/mam/2011/essays/complexsystemsEdwardsEwers.pdf
http://www.mathaware.org/mam/2011/essays/complexsystemsGuckenheimer.pdf
http://www.mathaware.org/mam/2011/essays/complexsystemsHines.pdf
http://www.mathaware.org/mam/2011/essays/complexsystemsHines.pdf
http://www.mathaware.org/mam/2011/essays/complexsystemsHines.pdf
http://www.mathaware.org/mam/2011/essays/complexsystemsVisarraga.pdf
http://www.mathaware.org/mam/2011/essays/complexsystemsVisarraga.pdf
http://www.mathaware.org/mam/2011/essays/complexsystemsVisarraga.pdf


Mathematics in the Science of 
Complex Systems workshop
Organisers: J.H.Johnson (Open 
University), R.S.MacKay
One of a series sponsored by the 
EC coordination action ASSYST 
(Action for the Science of 
Complex Systems and socially 
intelligent ICT), around the 
questions:
• which areas of mathematics are 
used in complex systems 
science?

Ref: http://www.assystcomplexity.eu/

http://www.assystcomplexity.eu/


K-16 Complex Systems Curricula Initiatives
Some Individual or small group initiatives:

Individual or small group efforts:
i)  PLANNING DOCUMENTS FOR A NATIONAL INITIATIVE ON COMPLEX SYSTEMS IN 
K-16 EDUCATION; NECSI; Yaneer Bar-Yam, et al.

ii) 'Complex Systems in Education: Scientific and Educational Importance and 
Implications for the Learning Sciences'; Journal of Learning Sciences; 15(1), 2006, 
pp11–34, Lawrence Erlbaum Associates, Inc.Michael J. Jacobson, Uri Wilensky

iii) 'Learning in and about complex systems'; John D. Sterman

iv) Star Logo, 'The Imagination ToolBox'; Eric Klopfer, Simulation/Modeling software

 v) NetLogo; Wilensky, U. 1999. Center for Connected Learning and Compurter-Based 
Modeling

vi) Complex Systems in the Elementary and Middle School Mathematics Curriculum: A 
Focus on Modeling; Lyn D. English; Queensland University of Technology Australia

vii) Introducing Complex Systems into the Mathematics Curriculum; Lyn D. English
...
Large group initiatives:
i)   Citizen Science
ii)  A collaborative initiative via the NECSI COMPLEX SYSTEMS WIKI; R. DeGray

http://www.necsi.edu/events/cxedk16/cxedk16.html
http://www.necsi.edu/events/cxedk16/cxedk16.html
http://www.informaworld.com/smpp/content~db=all~content=a785041453
http://www.informaworld.com/smpp/content~db=all~content=a785041453
http://www.informaworld.com/smpp/content~db=all~content=a785041453
http://www.exponentialimprovement.com/cms/uploads/LearningInAndAboutComplexSystems.pdf
http://education.mit.edu/
http://ccl.northwestern.edu/netlogo/
http://www.math.umt.edu/tmme/monograph3/english_monograph3_pp.139_156.pdf
http://www.math.umt.edu/tmme/monograph3/english_monograph3_pp.139_156.pdf
http://www.erikson.edu/earlymath/content/English_TCM8.08.pdf
http://necsi.edu/wiki/index.php/Educational_Programs


From Concepts to Curricula
Historical

Introduction of Arabic numbers to Western Europe by Leonardo of 
Pisa in the 13th century
Trivium, Quadrivium

Past and currently evolving curricula

Mathematics
Computer Science
 
and
Developing curricula

Complex Systems/Complexity/Systems Thinking

http://www.npr.org/books/titles/137845249/the-man-of-numbers-fibonaccis-arithmetic-revolution
http://www.npr.org/books/titles/137845249/the-man-of-numbers-fibonaccis-arithmetic-revolution
http://www.npr.org/books/titles/137845249/the-man-of-numbers-fibonaccis-arithmetic-revolution
http://en.wikipedia.org/wiki/Trivium_(education)
http://www.sciencedirect.com/science/article/pii/S0883035505800023
http://www.cs.ucla.edu/csd/overview/history.html
http://upload.wikimedia.org/wikipedia/en/5/5a/Complexity-map-overview.png


Complex Systems Concepts
Yaneer Bar-Yam, NECSI

Description
System
Observer
Adaptive
Environment
Boundary
Network
Ecosystem
Development
Replication
Self-organization
Selection
Evolution

Information
Patterns
Collective
Interdependent
Indirect
Effects
Dynamic
Response
Feedback
Linear & Nonlinear
Chaos & Fractals
Scale
Randomness

Particle
Newton's Laws
Control
Distributed Control
Hierarchy
Influence

Thermodynamics
Statistical mechanics
Nonequilibrium dynamics
Language / formal languages
Separation of scales
Reductionist

Related Concepts

http://necsi.edu/guide/concepts/


Interactive Syllabi
Course Syllabi; Static paper vs. Interactive networked
Ref: Sylvie L. F. Richards 

Static syllabi:

* Not easily modified
* Mostly for the mechanics of the course:
 who, where, when, but not why
* Fixed class meeting dates, times, locations
* Assignments only, no course content

Interactive syllabi:  Negate the above

http://www.educause.edu/Resources/TheInteractiveSyllabusAResourc/155238
http://net.educause.edu/ir/library/pdf/EDU01108.pdf


Internet Resources

● SIGMA on Quantitative Literacy
● NECSI
● Khan Academy
● MIT Open Courseware
● TED Talks - Ideas Worth Spreading
● Fora.tv
● YouTube
● COMplexity DIgest
● RSA Animate
● ...

http://sigmaa.maa.org/ql/index.php
http://www.necsi.edu
http://www.khanacademy.org/
http://ocw.mit.edu/courses/audio-video-courses/
http://www.ted.com/talks/browse
http://fora.tv
http://www.comdig.org/resources.php
http://comment.rsablogs.org.uk/


Conceptual Foundations Session - 1
Introduction to Systems Thinking, Epistemology, Paradigm, Scientific Thinking, Reductionism

Conceptual Foundations Session - 2
The film "Mindwalk" and the book 
The Turning Point by Fritjof Capra, Lintschinger, K. and Capra, B. (1991). Mindwalk: Film for 
Passionate Thinkers, Paramount Pictures, Hollywood, CA
Conceptual Foundations Session - 3
History and Characteristics of Systems Thinking - Ludwig von Bertalanffy, Fritjof Capra, 
Business and Management LUDWIG VON Bertalanffy 1901-1972 Father of Systems Thinking

Conceptual Foundations Session - 4
Examples and Hierarchy of Systems Murray Gell-Mann's The Quark and the Jaguar subtitled `Adventures 
in the Simple and the complex', ISBN 0-7167-2725-0, Freeman

System Dynamics Session - 5
Introduction and origins

System Dynamics Session - 6
Modeling with NetLogo or STELLA - Stocks, Flows, Converters and Connectors, Feedback Loops

http://necsi.edu/wiki/index.php/Conceptual_Foundations_Session_-_1
http://necsi.edu/wiki/index.php/Conceptual_Foundations_Session_-_2
http://necsi.edu/wiki/index.php/Conceptual_Foundations_Session_-_3
http://necsi.edu/wiki/index.php/Conceptual_Foundations_Session_-_4
http://necsi.edu/wiki/index.php/Special:BookSources/0716727250
http://necsi.edu/wiki/index.php/System_Dynamics_Session_-_5
http://necsi.edu/wiki/index.php/System_Dynamics_Session_-_6


System Dynamics Session - 7
Constructing a STELLA model

Complex Systems Session - 8
Concepts, Properties and Examples"Puget Sound is a complex system of interconnected inlets, bays, and 
channels with tidal sea water entering from the west, and cold freshwater streams entering from surrounding 
mountains."; Department of Ecology, Puget Sound

Complex Systems Session - 9
Emergence

Complex Systems Session - 10
Self-OrganizationArtwork by Elaine Wiesenfeld (from Bak, How Nature Works)

Complex Systems Session - 11
Knowledge Management Photo by Margaret J. Wheatley

Review Session Session - 12

http://necsi.edu/wiki/index.php/System_Dynamics_Session_-_7
http://necsi.edu/wiki/index.php/Complex_Systems_Session_-_8
http://necsi.edu/wiki/index.php/Complex_Systems_Session_-_9
http://necsi.edu/wiki/index.php/Complex_Systems_Session_-_10
http://necsi.edu/wiki/index.php/Complex_Systems_Session_-_11
http://necsi.edu/wiki/index.php/Review_Session_Session_-_12










Summary

1. �Mathematics Awareness Month was April 2011, "Unraveling Complex Systems" 
JPBM

2. What are the mathematics and Quantitative Literacy skills necessary for 
understanding complex systems? - an on-going project

3. I suggest a collaborative effort to build interactive course syllabi or 
lesson plans appropriate for levels K-16.  An example college level 
syllabus resides at the NECSI Educational Programs and Wiki site.  It 
can be enhanced and/or additional syllabi can be built in the spirit of 
Wikipedia.  Google Presentation Docs is another means to collaborate.

Please contact me at rdegray@sjc.edu.  

The image of collaborating ants is a metaphor for collaborating on building course syllabi at levels K-
16;  each anthill corresponds to work on an interactive syllabus. 

http://necsi.edu/wiki/index.php/Educational_Programs
mailto:rdegray@sjc.edu

