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Or,Or,
Just because a system is Just because a system is 

complex, does not complex, does not 
make it a complex make it a complex 

system.system.
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Just
what

is
complex
systems
theory?

http://en.wikipedia.org/wiki/Complex_systems

What
do
all

these
systems
have in

common?



1.   Confusion over the terms 1.   Confusion over the terms ““complexcomplex”” and and 
““system.system.””

Impediments to Teaching Impediments to Teaching 
Complex SystemsComplex Systems



“When I use a word it means 
exactly what I want it to mean, 

neither more nor less”

Humpty Dumpty 



It’s . . . 
You can’t beat . . . 
You haf’ta play . . . 

Or, more specifically (for us). . .

The term “system” has become a buzz word today.  
But, what does it mean for something to be a 
system?

the system, 
the system, 
the system, 

Buzzz

Buzzz

Buzzz

Buzzz

Buzzz



Or, more specifically (for us). . .
The Earth is a System . . . 

But, what does it mean to say the Earth is a System?   Is it 
similar to or different from . . . a school system, 
the Federal Reserve System, 

or the solar system.
the Global Positioning System, 

an operating system, 



Preliminary Dictionary Definitions
6.  A set of objects or phenomena grouped 
together for classification or analysis. 

(Does not specify whether the objects are or 
are not related.  They could be unrelated.)

What is a System?
Clarification One



What is a System?
Clarification One

9.  The prevailing social order; the establishment. 
Used with: “You can't beat the system.”

6.  A set of objects or phenomena grouped 
together for classification or analysis. 

Implies something or someone is in control.

Preliminary Dictionary Definitions



What is a System?
Clarification Two

9.  The prevailing social order; the establishment. 
Used with the: “You can't beat the system.”

6.  A set of objects or phenomena grouped 
together for classification or analysis. 

5.  A naturally occurring group of objects or 
phenomena: the solar system.

Ah, now we are on to something, but does “naturally 
occurring” mean anything?

Preliminary Dictionary Definitions

More ambiguity . . . 

Naturally occurring sounds like magic.  “It occurs 
naturally.” What does it mean to occur naturally?



1A.   A naturally occurring group of interacting, 
interrelated, or interdependent elements, forming 
a complex whole.

Final Dictionary Definition

What is a System?
Clarification Three

Yet, we might ask, “Interacting how?” “Interrelated 
how?” “Interdependent how?”

 Are the relationships a lucky accident?   

How they became Interacting, Interrelated, and 
Interdependent is what we are trying to determine.  We 
cannot assume what it is our purpose to discover.

Or Teleological? Or random?



1A.   A naturally occurring group of interacting, 
interrelated, or interdependent elements, forming 
a complex whole.

Final Dictionary Definition

What is a System?
Clarification Three

And “complex whole?” Is it complex just because it has a 
bunch of parts?

Is a car complex 
in the same way 

people are 
complex?



Saying a system is complex is not the same thing as 
saying it is a complex system.

What is a System?
Clarification Three

And “complex whole?” Is it complex just because it has a 
bunch of parts?

Is a car complex 
in the same way 

people are 
complex?



1A.   A naturally occurring group of interacting, 
interrelated, or interdependent elements, forming 
a complex whole.

Final Dictionary Definition

What is a System?
Clarification Three

And is behavior important?
 What about a bunch of parts that have simple behavior?
 Or, simple parts that have complex behavior? 



“A system in which complex causes produce simple 
effects.”

And, it doesn’t help when you look at some of the early 
definitions for complex systems

What is a System?

Cohen and Stewart, The Collapse of Chaos

The narrow transition region between order and chaos.
Norman Packard

A type of dynamical system intermediate between chaotic 
and fixed behavior. Lewin

A system in which the individual components, operating 
independently, produce order.

That region where the behavior of a system is fluid, 
dynamic, and able to change easily to new arrangements, 
patterns, and organizations, but not so fluid that no 
quazistable patterns can emerge.



And, how did this whole – this system – come into 
existence in the first place ? 

 It is one thing to talk about the behavior of a 
system that already exists.

 It is something else to ask where and how these 
systems came into existence in the first place.



1.   Confusion over the terms 1.   Confusion over the terms ““complexcomplex”” and and 
““system.system.””

2.  The dominance of linear/equilibrium thinking 2.  The dominance of linear/equilibrium thinking 
and training in our schools. and training in our schools. 

Impediments to Teaching Impediments to Teaching 
Complex SystemsComplex Systems



Chaos
Theory

Studies why and how the behavior of simple 
systems—simple algorithms—becomes more 

complex and unpredictable as the energy/information 
the system dissipates increases.

Xnext = rX (1-X)

System evolves to equilibrium

The logistic system



A random sampling of logistic 
curves pulled from 

Google\images\logistic curve



Chaos
Theory

Studies why and how the behavior of simple 
systems—simple algorithms—becomes more 

complex and unpredictable as the energy/information 
the system dissipates increases.

Xnext = rX (1-X)

System evolves to equilibrium System evolves to complexity

The logistic system



http://www.cic-caracas.org/departments/science/Topic4.php

Here is a brave attempt to make a real population curve 
follow a theoretical logistic ‘S” shape.  

“The exponential growth phase 
exists because that is when the 
population has already begun to 
grow, but not a lot yet, and it rises 
quickly because there are no 
limiting factors yet and the 
resources are in unlimited amounts. 
The plateau phase begins when the 
organism hits it's carrying capacity, 
which is the maximum number of 
organisms in a population that can 
be supported by the environment at 
a certain time, in a certain 
ecosystem. The transitional phase 
in between these two phases occurs 
because this is when the limiting 
factors in the environment start to 
limit the increase, slowing the 
population increase.”

Plateau - a land area having a relatively level surface 

Plateau - to reach a state or level of little or no growth or decline



1.   Confusion over the terms 1.   Confusion over the terms ““complexcomplex”” and and 
““system.system.””

2.  The dominance of linear/equilibrium thinking 2.  The dominance of linear/equilibrium thinking 
and training in our schools. and training in our schools. 

3.  The domination of biological evolutionary 3.  The domination of biological evolutionary 
theory as the only systematic mechanism for theory as the only systematic mechanism for 
evolutionary change. evolutionary change. 

Impediments to Teaching Impediments to Teaching 
Complex SystemsComplex Systems



How Do Things Evolve?
Ask the average person on the street what the 
theory of evolution is . . .

. . . and they are likely to answer . . .

• Natural selection ?
• Darwin’s theory of evolution ?

• Survival of the fittest ?



But we acknowledge and take for 
granted that many systems evolve



But we acknowledge and take for 
granted that many systems evolve



But we acknowledge and take for 
granted that many systems evolve



But we acknowledge and take for 
granted that many systems evolve

In science it is not proper to talk of processes 
without positing a theory and mechanisms of why 

and how those processes take place.



If we define evolution as . . . 

Any system that increases in  
complexity, diversity, order, and/or 
interconnectedness with time.

Then . . . . 



. . . lots of things evolve

All by the same mechanism?

And, what is common 
to all things that 

evolve?



Can we assume that biological 
evolutionary theory is a general theory of 
evolution ?

Take, for example an economic system.

. . . What in an economic system is 
equivalent to . . 
• A Gene?

• An individual?

• A species?

• A mutation and genetic recombination?

Is it accurate to say economic  
systems evolve like biological 

systems?



If biological things evolve and 
economies evolve . . .
And we cannot make a direct one-for-one 
comparison of the units and processes 
between them . . .

Then Darwinian evolutionary theory (the 
Modern Synthesis) is a special theory of 
evolution, not a general theory. . .



How Long Has That Been There  ?

The expression "elephant in the room" refers to a situation where 
something major is going on, it's on everyone's mind and 
impossible to ignore -- like an elephant in the room. But nobody 
talks about the "elephant" because nobody knows what to do 
about it

The Elephant in the Room

Is there a General 
Theory of Evolution 

?



Complex Systems
Theory

Chaos
Theory

This is where . . . 

. . . comes in.



Complex Systems
Theory

. . .  studies how systems with many “agents” that 
are already at high energy/information dissipation 

interact and behave. 

Chaos
Theory

Agent:
the individual units that are 

interacting, like . . .



Complex systems theory (or complexity 
theory) studies how systems with many 

“agents” that are already at high 
energy/information flow interact and 

behave. 



Complex systems theory (or complexity 
theory) studies how systems with many 

“agents” that are already at high 
energy/information flow interact and 

behave. 



Units of 
friction 
along a 

fault zone



Sand grains 
in a 

migrating 
ripple



Complex Systems
Theory

Complex systems theory studies how systems 
with many “agents” that are already at high 
energy/information dissipation interact and 

behave. 

Chaos
Theory

How does complex system 
theory say the agents behave?

The central dogma is The central dogma is 
complex systems are Selfcomplex systems are Self--

OrganizingOrganizing

Self-Organized Criticality

Cellular
Automata

Boids
BZ

Reactions



Self-Organizing
Evolution

Chaos
Theory

Complex Systems
Theory



Self-organizing evolution begins with an initial 
state of random agents that through the 

application of simple rules of interaction among 
the agents (e.g. an algorithm, or 

chemical/physical laws) evolves a system of 
ordered structures, patterns, and/or connections 
without control or guidance by an external agent 
or process; that is, pulls itself up by its own boot 

straps. 
Local Rules leads to Global Behavior

This is a different mechanism than attributed to 
biological evolution, meaning there are at least 2 
evolutionary mechanisms



Elaborating
Evolution

Self-Organizing
Evolution

Local Rules/
Global Behavior



Elaborating evolution begins with a seed, an 
ancestor, or a randomly generated population of 

agents, and evolves by generating, and 
randomly mutating, a large diversity of 

descendants which are evaluated by an external 
fitness function; those that do not measure up 

selected out. 

The fitness function may be a real environment, 
an abstract environment, or another “species” of 

agents. 



Differentiate Select Amplify

Repeat

General Evolutionary Algorithm in Biology



Elaborating
Evolution

Self-Organizing
Evolution

Local Rules/
Global Behavior

Fractionating
Evolution



Fractionating evolution begins with a complex 
parent which is physically, chemically, or 

biologically divided into fractions—through the 
addition of the right amount of energy—
because of differences in the size, weight, 
valence, reactivity, etc. of the component 

particles. 
Parent Material

Mixed, but differing in
size, weight, valence,

reactivity, etc. 

Add energy:
not too much,
not too little



Fractionating
Evolution

Elaborating
Evolution

Self-Organizing
Evolution

Although each evolutionary 
mechanism can operate alone, 

they frequently  operate 
together in the same system.



Universality
So, what is common to all evolutionary systems 
that joins them into a common theory ?

• Fractal organization.



Universality

• Fractal organization.

• Power law relationships

Christopher Barton USGS

So, what is common to all evolutionary systems 
that joins them into a common theory ?



Universality

• Fractal organization.

• Power law relationships

• Behave as strange attractors

So, what is common to all evolutionary systems 
that joins them into a common theory ?



Universality

• Fractal organization.

• Power law relationships

• Behave as strange attractors

• Sensitive Dependence

So, what is common to all evolutionary systems 
that joins them into a common theory ?

• And others . . . 



1.   Confusion over the terms 1.   Confusion over the terms ““complexcomplex”” and and 
““system.system.””

2.  The dominance of linear/equilibrium thinking 2.  The dominance of linear/equilibrium thinking 
and training in our schools. and training in our schools. 

3.  The domination of biological evolutionary 3.  The domination of biological evolutionary 
theory as the only systematic mechanism for theory as the only systematic mechanism for 
evolutionary change. evolutionary change. 

4.  The 4.  The absence of rubrics for introducing chaos/ 
complex systems theories and modeling 
techniques in class rooms

Impediments to Teaching Impediments to Teaching 
Complex SystemsComplex Systems



Teaching chaos/complex Teaching chaos/complex 
evolutionary systems toevolutionary systems to

Or,Or,

Introductory,Introductory,

NonNon--science,science,
General Education studentsGeneral Education students











Thank you Thank you 
for you time for you time 
and attentionand attention


