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1.8 Self-organization

         When pendulum clocks entrain, there is no clockmeister who entrains

them: they do it by themselves.  So entrainments are one kind of

self-organizing process. The process, or, rather, system of processes

involved in biological development is another kind.  From some points of

view biological evolution and ecological succession are others.  There is a

very active group of psychologists who maintain that the development of

human personality is yet another.  This volume suggests still others.  Here

we will try to orient and develop intuitions about self-organization.

         A class focusing on environmental issues meets in a room arranged

as a sort of big seminar room.  There is a ring of chairs around three

walls, and a ring of tables in the middle.  Thirty students are sitting in

the outside ring, and ten in the middle. The students are asked to do the

following:

         They are familiar with "the wave," once popular at football games.

The wave is formed by people raising their hands above their heads then

lowering them.  They do this in succession starting at one point in the ring

and going around and starting again. The students are asked to create such

waves with these conditions: The wave in the outside ring will go clockwise;

the wave in the inside ring counterclockwise.  A student at the end of the

outside ring is designated the starter, and a student at the end of the

inside ring as a starter.  They are asked to synchronize their waves, phase

lock them, in the sense that both waves must arrive at the starter

simultaneously.

         You can see that there are two possibilities: they could lock

frequency, whereupon the outside wave would reach the outside starter once

for every three times the inner wave reached the inside starter; or they

could adjust their frequencies in such a way that the waves would be phase

locked every time they went around.  The second was asked of them.

         They succeeded amazingly quickly, without any further instruction

or help from the instructor (except a little badgering and mild ridicule).

The result was a self-organized global pattern.  Analysing its process of,

in this case, entrainment tells us a lot.

          Each ring by itself is easy.  Each student simply tunes in to the

one before her in line, and uses that students arm raising as a signal.  No

student need be at all cognizant of anything but that previous student. The

signals are all local; the pattern is global.  The synchronization is more

complex.  In the particular case the students in the inside ring quickly

figured out that they had to tune in not to the previous person in their

ring, but to a person in the other ring -- every third person in the outer

ring was the signaler for a person in the inner ring.  Furthermore, they

realized that their arm raising had to be at a slower frequency than arm

raising in the outer ring if the wave was to be smooth. The students in the

outer ring didn't have to pay any attention to the inner ring at all, and,

of course, were better off if they didn't.

         They were then asked to do the same thing not with arm raising but

with deep breaths. (Anyone who hyperventilates flunks.)  It was a breeze.

Finally they were asked to synchronize their heartbeats; and that, in

context, was just a joke.

         But it wasn't only a joke, because it emphasized then necessity of

being tuned to signal.  Heartbeat signals weren't available.  Controlling

heart rate is another problem: solved only by those well trained in

bio-feedback techniques, but under the circumstances this was beside the

point.

         Finally, to get to something meatier for social research: the

self-organization of classroom dynamics.  The students "chose" their own

seats early in the semester.  By the end of the first week, everybody had

"their own seat," and has maintained it ever since.  Being in the outside

ring or being on the inside ring has socio-pedagogical meaning, though this

doesn't imply the division between two pedagogically homogeneous groups.

When it dawned on the people in the inside group that the moment had arrived

for a bit of leadership and strategy setting, they accomplished it in

(literally) less than ten seconds.  Meanwhile, the starter at the beginning

of the outside ring had long since established himself as a leader, and

locked in the start signal immediately. While this is a highly particular

and radically truncated example, the self-organization of classroom dynamics

is a powerful educational tool.  The most common reason for failure of such

dynamics is the attempt of a teacher to micro-manage the classroom ambiance

in some preconceived pattern: a bad mistake.

Cellular automata

         Local signal and response produces global structure.  The students

proved that to themselves.  One of the best devices developed for studying

this sort of phenomenon is the cellular automaton.  It may be most familiar

as the game of Life, but it can be generalized. There are many versions in

both one and two dimensions.  They are important enough to touch on here

because they are beginning to be used to model ecological processes such as,

say, optimum tree spacing to limit the spread of forest fires.

         Imagine a grid of squares.  Except at the edge, every square has

eight contiguous neighbors.  We'll say, for simplicity, that squares can be

either black or white, and we'll be making up rules for when they change

from one to the other (or stay the same).  The rules come in sets: rules

about what a square does if it's white, and what it does when it's black.

According to the rules, what a square will do depends on the signals it gets

from its eight neighbors.  For example one rule might be "If you're white,

and four or more of your neighbors are black, change to black."  Several

more rules will have to be added to that one.  It isn't easy to find sets of

rules that produce interesting results -- the emergence of patterns -- but

dozens have been found.

         Once you have an interesting set of rules you start with an initial

array of black and white squares and have them follow the rules.  Notice

that you could do it by hand.  Cellular automata are not theoretically tied

to the computer, but in practice only the computer versions will be of any

use.  So you start the process and watch what happens.  Typically waves of

various sorts will self-organize. Sometimes static but interesting

configurations will result.  Sometimes nothing of interest will show up.

         The point here is that cellular automata are currently the paradigm

of local signals producing global patterns, at least for simulation and

study purposes.  No square's communication capacities extend beyond its

eight neighbors, yet signals are propagated and correlated globally over

time.  There is no cellmeister choreographing the emergence of pattern.  The

hypothesis is that many social and ecosocial phenomena are like that.

         Even this briefest of discussions of self-organization should help

readers of this volume.  But it has to be said that people working with the

growing theory of networks will be frustrated at just this point.  They have

a major contribution to make, and will see immediately where they might fit.

The work that went into the present volume hadn't yet caught up with the

advances they have made; but it fits well with them.

