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ABSTRACT

How nstursl behaviors actuelly work s often counler-
inlutlive.  That is espacially irue of sutonomous behavior systams,
ones thel develop or igina) organizaiion in the midst of the events they
oarry out We can't commonly know much aboul thair casusal
organizetion because it 1% original to themselves and inlsrnaiized.
The dun) aiream modei of causality presentad here 15 part of a genersl
tachnique for invesi igating how autonomous Sysiems Are of-gan i zed and
whal animules (helr develupment ’

Thaugh the lachmque 15 logicsl end yseful, bolbh for
Investig ing sulonomiws, systens and far making cerisin types of
firm pradichions ahout them, 1t alsa chailenges our normal wiys of
undersianding things |\ directs attention fo concrataly observable
‘motive processes (nutonoinaus caussl System bullding processes)
more than external dalarmining causes, snd maps the environments
th which thay operaie in terme of 8 muli1 - leve! network of active and
pansive enabling cayses  Mathemalicel models of bahsviors, both
those bassd on ‘nalurel jaws and on 1solaind projections from
previous madsures, aft racognized ot useful refsrences and
prediciors but not es lagitimate reprasentations of whal aulonomous
bahevior sysiems are or how they actually operata.

A ressonably descriptive nsme for the tachnique would be
‘suipnomous systemizallon study’.  The ‘roselta slones for [is
tnterpratation and use sre process evenls thel displey syslemalic
organizetional growth. Thesa systema may nof al) be "hiving™ in Whe
normal sensa bul they ere not af all ‘lifeless.  They are the source of
mogt cohar #nt bebayioral animation

tn prectical  epplwation 1he  Iechnique hies  guided the
davelopment of & veriDable  axiomatic progf regarding a cheos
wened ating sutinwtbos Gynatnad al the econniiic system, e that. "the
automatic compounding of 1nvestment retur e, will bring about . 8
ma)iv ity falure of wvestments” (Henuihow | 985) Ona hope 15
that producing such tirm and dramatic results will help to generate &
prodler acoaptence of 1he study of nesr hiving aystems os o logilimate
and fruitful subject of scwentific resaarch

1. INTRODUCTION

THE SUBJECT: The following presents part of Lhe genersl
method thal (he suthor currently umes e investigating exactly how
auionomoushy orgenized physicsl evenl processes daveiop and operate.
it invalves an smpirical technique for axploring how the causes of
svenis hecama systemelically inlernalized within evaenl process as
ihey develop.

The study method can addresa ihe autonomous behaviors of
socisl, politicel or economic syslems &3 well a8 of weather systems,
biological organiams and chemical, fluld dynamic, eleciro-magnetic
and poteatially sven substomic syatems. It epplies to enimated
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auilonomous sysiam individoals in general, both thase in which people
parlicipate end those which occur within and around U These
putonomous systam individuels are things (hal people can potentietly
steer, stimuista, confine, disable or avoid, etc., but will never
plousitly be abla to fully understand or literally conirol.  They're
the things thal operate sutonomausty.

The devalopment of this investigative lechnigue was based on
ihe simple, but rather demending, inilial presumption thel there are
o operative abstractions amywhere in natura, except In the minds of
humen obiservers.  Thus, it is presumed that natural behaviors are
thamaealves the physical process of conception, nol a reflection of il,
and that onty what 15 ectually going on in ey circumslance is part of
how it is laking place. The subject hara i3 the coharantly animatad
things of our world, and they themselves are taken to bé Lhe Only
mcurele represeniations of how they work.  No sef of evidence is
acraplad &s complete and no initial evidence ts taken 10 be inCidental.
No tews or equetions or ather mential ebstractions of any kind are
considered as part of the sutonormous ndividuals of Ihair bebavior
only the concrete things and processes Lhemseives.

A curious feature af natursl perception is (het our minds are
ihe aclual generating sourca of sl) the imeges we see, and thet (he
relalionships we perceive 40 exist between things in our world are
actually percaptual ralsionships betwesn cur Images of them. Here
it 15 prasumad thal sn observer never actually sees the subjects of
their investigalion, or their interrelationships, but only generales
mental references 1o them. Whether or not ane spes one's imeges as
referentiasl or representetionsl hes s very subisiantive impect on
ohe's understanding of aulonomous systems and lheir behaviors.

The \achnique for invesligating physical processes to be
presantad hers is a direcl chservation approach.  As such il follows
more on ihe methods snd exemple of archeology, bolany or
enthropology than on thase of pwsics.  |Lis basically sdisciplined
mathod of record keeping concerning the developmental life cycles of
ratural physical pracess events. Underslanding i is perhaps easier
from seeing how il is applied than (rom explanalions, 30 the reader
might first go to the example in following section "4." and then return
1o this introduction.

RELATED APPROACHES: Quile 8 number of npproaches o the
study of systems have been developed over Lhe past 30 or 40 yeers.
This one sisnds on what one might call (he "serious’ side of ganeras)
syslams ‘wholism’, offering e critically empirical ‘vitalist’
per spective. 1t also has specific similer ity to var ious more technical
systems inquiry lechniques including 1) cafastraphy theory (see
Thom 1972}, in the use of a general cryptic cypher for dynamic
events, to 2) Aerarchy theory (smAllen and Starr 1982}, in the
uss of quastions sbout nesting organizmtional jevels and cousal
relationshipe, ta 3) Mwing systems (heory (e Miller 1978), in
the concern with universal physical functions, to #4)
raconsiructability  snslysis (see Cavalo and Klir (981} in Lhe
heavy relisnce on empirical measures and chservetions, and to 5) the



theory of oissipative stroctures (ses Schieve 1982) and the
thaory of dvnamics! sysiems; chaos theory (see Campbell &
Rose 1983), in the focus on siluations of organizalional instab) Nty
and sensitive dependence on initialing conditions Ay or ail af
these systems study approaches are considered {0 be valuable
tompanions to 1he use of the tachnigue prasanted here.

2. BASIC CONCEPTS

POSITIVE SELECTION: In some ways the appraach hera 15 most
Jike an mxtension of \he 2/ithic design  concepl of discovered
purposs in netural invention presenied Dy David Hewkins,
(1968). The term comes from the name ‘eolith’ which is given ta
the found objects that became used as tools prior 1o the Intentionel
design of togla ot the dewn of the atona age, “stones picked up and used
by man ang even fashioned a I1ttle for his yse™  The concepl offers s

paaitive alternative to the ides ihat evolution 15 guided only ty the

nalural selection of random variations on previous siruciures.

The circumatantisl evailobility eng nilial haphazard use of
eotithic tonls might pasitively relieve or stimylate other activities
that, in lurn, produced situations in which the polentiel for the
‘rediscovary” of too! use 15 greelly snhanced. if tha innovation 19
reliably rediscoverabie, 1t couid become part of 8 whole complex of
enbirely new and subsiantialty modified processes, structures and
organizations. The crealion af that new complex then comes {0 have
been the ‘purpose’ of discovering the tool Bna what esiablishes i1 as
hew ing been & "tooi"

The concept of such accidentally Injtisted, and then posiiively
developed and retatpad complex innovalions 1s what is used here in
place of the classical nolion of random mutstion’, and could be
perarically refered to as ‘eslithic mutstion’. The idee that
Innovalions must stand up to the test of time to become lasting ones ts
cartainly valid and valueble, bul it 15 insufhcient for saying where
innhovations come from to than be tested.  The motern theory of
natursl selection sti)l essentially holds thet the properhies of evolved
Sysisms appeared for later “lasting’ as the result of rendom singla
varsations upon previous complex organizational structures (see
Corred t983). This soy4 ha more shoul where nalure's innovelions
coma (rom than that they just happen’, and is BlsD insufficient.

Thal proposal 8150 strongly suggesis that the people offering it
have never tried randomly altering and testing a complex siructure
one part st s time { 1ike the parts of their own car ) 1o see if 1t became
improved.  If you're going la make improvements 1n anylhing Lhat is
complaxly interconnected it 19 quite necessary to make a large
number of coprdinated changes before the new ordar con sustain aven
{he mast minor knd of test (L 15 not just & human frailty that we
have lo work with things thet wey, but inherenl (n the nalure of
complex {nterdependenties.

Natural varislion in processes end structures, the evicently
inherent ‘wobible’ that exists sl various levels in virtually sil
dynamic behavior, may well have greal functions! importance in
systems It 13 just nat likely to be, as Conrad { 1983) and plhers
sugoest, the sole source of coordwneled system innovelions. The
quastion, of course, remains, how do complex and seemingly
purposeful nelural design processes lakeé place in the sbasnce of emy
apparent Dreconceived 0Esign oF pianning.

As already ndicated, the proposal here is that sucoessful
syziem inravetions first get built up, through & dynamically animated
discovery process, and only then confront tests {or survivebility.
Lvolution 1~ seen & only seconde ity mfluenced by the destructive
evenls of rangomization and <elective elimination, and primarily the
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tonsequence of mater ially constructive processes.  The normal view
that constructive evolution somehow accurs in spite of a pervasive
‘mesnnass 1n nature is repleced with the view that ihe capacities to
survive harsh condilions or iginete (rom natural congitions of reliable
‘grrarasity’.

The concept of "solithic potentisl’ (the circumstantial presence
of “righi shaped rocks’) 1s greatly generslized as used here, and callad
simply ‘oppartunity’, all of whatever it is thet is made use of in the
systemization of events and hal makes them possthie.  One of the
key idess |3 that opportunity comes from combinations of leflover
products of oiher things, ‘cesl off praducts and siluations, things
simphy left "lying sround’.  Things thal have been Mok use/ass n
the past are what sutonomous syatems make e o in the present,

EMPIRICAL TOOLS: There are twn sepacete parts of the

. gmpirical study.  One is the accounting of system perts and the

opportunities they make use of.  The cther i3 Lhe examinalion of
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numerical meesures af ihe tubject for pyidence of tour fundemental
sutohamous orgenizat sonal develppmant procesass

Figurs 1. shows the ganeral cypher used to ioentify types of
aunonomaos orgenizational { end Misorganizetionsl ) thenge.  Evidenwe
of thess curves In some measure oflen indicates 1) posilive causal
feodback (F*) and autonomous or ganizational invention, 2) negalive
pasitive cousal fasdback {F ~* ) and climax or penizational refinement ,
5) positivs nagative causal feeback (F*7) and drsorganizetional
growth, and 4) nagstive causal feedback {F ™) and disorganizationat
climew. Al four of the distinct orgamzelional development

phenomena rafer sd to hers, In Saquence, Seem ta be necessery phases

of the (e history of any process thel comes Into and goes out af
o lalance sulonomosly.

[he evidénce of one o these four o Owth curves 15 leken &
evidence pf an Autonomous devalopment process in the same way thal
~Abtvatical corr glations, sre laken a5 evieice ol causal relationships.
Ona of the principle ushs for Hhesa curves 15 1o heip 1deniIfy systam
mative pruetass Lot we well-destabalizing (hose  under iying
W owth' s Cenilepse’) A direct evidence they provide
signiticant bit of odor malivh bul W & aw a0y solid conclusians one
st neade 10 tdentity the operstive physical mechanisms involved.
This approach Lo growth antt faschack | along with other suhjecls, are
further discussad etsewhere \n thase praresdings { Henshaw 85)

The disprams of causation which ere used to mid in finding
sulonamous system machanisms ( see figure 2 ) are arranged to show
autontmous prooesses as developtng out of 1)} numerous appor tunihes
ond 2) » sIngle insligating impatus.  Alsodepictad are 3) the subject
behavior's resulling products, which may serve os ppportunitles for
othev things, 4) the impetus for other Lhings thal may result, and E)

Lha under lying motive (and demaolive) processes which produce and .

then diamantle the tystem's internal process orgsnization. These
tormn ore not rigidly definined, mxcapt es referring lo natural
subjects which are hopafully idenlifisble but, of necessity, must
ramain substaniiaily undefinad

The primary way hese two research devices wark is by
directing attantion 1o the natural subjects themselves and their inner
credlive workings, rather {han {ry serving as represantstions of
them. Combinad with close obsarvation, the result 1s a sophisticated
ab1llty to imagina how thay work The hirst step 1s 1o ook for
avidence of a succession of orpanizational gr owih phases and then for
It eciyye and passive functional paris.

SYSTEM CONMECTIONS:  Tha boundaries batwesn individusle
ars ganarally identifed 86 resource/product pools through which the
individusls materially inleract while remaining aganizationslly
incepenvient. These ere alwo refered fo o ressurce ‘markets or
communication "Tynapses’ Fhey mediate and are the joints that
physically connect process (ndividuals, ad are o primary Surcs of
process fiexibility and rasilience.  Resource/product pools ors also
found to provige & Liming bufter between parts of & System that
operate st oifferent rales mnd 10 provige dynamic continuily in
pr ocases ihal méy 1ncorporate long perods of & complete inactivity.
They alsa create vasl possibililies for grocess interconnection and
pruwth

The bioog stresms of shimals offer an example of such common
resource pools, s do aconom It markets avd Lhe aimosphere  Nerve
yynopses afe exainples af esaaled marke! conneciions between
SulnnUmaud Med vi i) uptake oot silput loations  Tie circuiation of
the spinal fluwd in which nerye synapses o e lacatad may o mey pel
BT v RS & CRINMON FESir (e oG] T ner ve Cominunical 1on
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This way of identifying bounder|es and connections, somewhal
confusingly, also allows for sysiem individuals as a whole 10 interect
with their own paris as saparsie individuals. In Simpler views of
aystam hiererchies Lhis would constitute a strictly ‘improper’
relationship. A resl world axample, however, 386ms no harder to
find (han tha process of scraichiog en itch. [t can develop from &
minor tickls into 8 whale sutonomous process, slimulsting snd
Iinlagrating \he inilially separate responses from one's body as 8
whole snd il's itching parts.

UP AND DOWN CAUSATION:  n genera) lerms, opportunities
{or sysiem developmant are seen &s flowing from both the “bottom” up
and the ‘top’ down.  Instigating impatus is seen, ideally, as flowing
only from (he ‘bottom’ up.  Nulrition is a goosd example of top-down
apportunily , for aulonomous cell matabolism.  Adiebatic cooling of &
rising air mass crestes pppor tunity for condensation in clouds. Fhe
flsmes of a fire spread new opportunities for combustion.  Cell
metabalism, vapor condensation and combustion, respeclively, esch
provide good examples of boilom-up opportunity for the larger
sutbnomous system developmenls of animal behavior, vapor drop
conglomeration inta rain drops end the many kinds of things thel
develop from a relesse of heal,

A periicularly interesting exsmple of lop-down/bottom-up
opportunity flow 15 proviged by he role of a planl i providing
fer lile so| for future seeds.  Though it may be atreching the language
abit, it seems useful lo look &t this Bs an exampla of & higher order
systom providing a kind of material reverse image of tha future for &
lowsr arder system to follow in ils development. What is polentially
provided is some kind of patlern emory of previous system
creativily, a resource sbove end beyond the simple row mater ials for
subsequent or iginal syslem deveiopment.

A patlern memary function is specifically evident, of course, in
the role of & plant's seeds. It is also evident in such things &s the
roles of ertifacts in naturs and the economy in leeving around eh
manner of physical reflections and imprints of previous experience
to directly or indirectly influence davelopments in the future.

0f some nale is that if the fiow of opportuntty from higher
levels (o be made use of on lower Jevels were ignored, & veriety of
exclusive battom-up, or “reductionist’, point of view would? result
{see Campbell 1974). A cousal diagram muight then still seem to be
causaily connected, bul there would be no material ‘images’ of higher
level processes tn the physical context of lower order process
beginnings. Nulrion wouldg heve to be 8 matter of random eccident,
and thara would never be a cloud in the sky.

REFERENTIAL MODELING: The models wsed here are designed lo
be used {o help in focusing one's altention on the natursl subjects
themselves rather ihan ta represent them. For this reason they are

termed ‘referential’ Modets. They are intended to be used as maps for

exploring the terrilory of nature rather than as represeniations to be
menltally substiluted for nature

Generally speaking all mooels can serve either as referentist
maps or represenistional substilutes for their subjects, simply
asccorging 10 whether one is lopking with them, or just looking at
them. Using models 10 see with, 65 windows on the wor ld rather than
05 barriers 1o seeing the wor ld, does not aeem to require any specisl
kind of symbolism, lagic ar Isnguage, only & change in the viewer's
focus of altention,

A methemalical expression or natural ‘lew’ thal reiisbly
preadicts physical measures, or example, can either be seen as being
the oparative bahavior itself or as Deing 8 reference guide for iooking



further within or beyond the behavior itself. There is often
confusion about this because ihe commen object of scientific research
is ta fing mathemalics that can serve as such e reliable substitule for
its subiect that we can no longer tell the difference.  Normal
perceplion also fabricates Tmages thal become ndistinguishable from
their subjects.

No matter how seemingly perfect, however, mathemalicel

models are really just tools for human use in meking numer Ical
predictions.  The “laws of nalure are really just the rules we foliow
in applying those taols.  They farm a kind of meg for us 1o foliow, and
are neither what nature actually does nor meaps that nature follows.

Mathematice) expressions are as different from how beheviors
actuaily operats as temparsture is different from molacular motion
or 85 one’s height (s different from one's heal Formules usually ere
not even built 1o imitale how the behaviors operate, bul just to
predict 8 messure of iheir consequences  Formules ere just
absiracted relationships between messures. Reel behavicrs ere not
even composed of interactions between meesures at all, but between
things, through an unboundedly complex nested organizetion of
phyaical object/process ports.

Measures and formulss are constructed for, oc &5 f for, the
purpose of avoiding tha need 10 consicar what is actually going on.
This amounts to a design intent to be able to predict behaviors withoul
needing te materielly undersiend the befww ior being predicled. Ina
successful formuletion, any information that might expose the
complexity of the resl subject i3 methodicatly strippes from the
record.  Thus, simply trying to smift the perspective with which
they're viewed, to succesefui formulations 1o see the subject with
them rather than ta inok at them, can not be depended on for assisting
1n the development of mater 18i understending

whet are more useful for developing & real understanding of
things are measures and expressions thal contain a depth of
tnformation abaut the subject, ones that can be used as ‘remate
histening devices’  individual continuously recorged raw meesuras
that monitor tne subject from s initial prowth through its final
docay o e especistiy usafil for tha! purpose.

Though measure formulations of beheviors can fesd to &
misunderstanding of the subject, thair practical usefulness hardly
5eems 10 have been exheausled, and their abandonment is in no way
being sugested  What is being suggested is only that they be
abandoned es accurale represental ions of behaviors.

3. TERMS3 OF THE MODEL

PARTS OF THE DMABRAM: The terms usad n this model of
cassation are intended to refer and direct the user's atienlion to
concrete things, arocesses and situstions and the sutonomous process
subjects through which they are reisted  In figure 2 ond elsewhere,
‘Resource Oppartunity Pool’ refers 1o whatever enables or is made
use of In animating 1he growth and systemization of & subjec process.
"Instigating Impetus’ refers to whatever finally initiates ihe sequance
of resburce oppertunities being made yse of Product Opportunity
Pool' ard ‘Resulling Impelus’ are results of the process that become
available for utilizabion by olher autonomous processes. Motive' and
“Demotive’ processes refer to sub- processes that serve to build up or
break down the cousal orgenizetion of the process.

In the model disgrems oppariunity 15 Indicated as a Jist of many
items and 1mpatus es 8 single item. A single impetus may nol be
identifisble in many vircumslances, end ogincidental multiple
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impetus is not ruled put  The imporiance of coincidenial factors 1s
considerably greater with respect io apportunity. Each circie
symbol refers o the opportunity environment, o ‘niche’ of the
subject process as o whole. An pscinllstion pulse is skeiched inside
the circle, referring Lo the autonomous priocess as s whole, when the
subject's internal organization ts bewng inquired ebout.

An sutonomous system whoie is refered to 8s 8 whole both in
terms of its coberence of internalized relationships and in terms of
its totality of cevelopmental steges from initial growth to its final
decay.  Constdering processes both as an “organiations) whole' and as
a 'developmenisl whole' ¥ cruciel to competent thinking and research
using this methad. A 2ysiem’s orgenizetionsl whale is simply ane
isniated moment of passing phase tn Hs deveigpmental whole.
Ancther unigue sspect of every sutonomous system's developmental
whole is that it happens only once.  Incor porating things that seem to
heppen repelitivety into the context of (hings that happen onty once
bacomes a very revealing perspective.

As 8 graphic convention impetus is drawn connected fo the
subject process’s niche with a solid line and oppartunity with a
deshed line  There 1S aisp a list called ‘Other’, not shawn &s directly
connected with the subject process.  "Other’ might include remotely
related subjects such as the processes thet crested the subject's
respurce opportunities and general notes and descriptions.

Al the bottom of the chart are columns for procass notes. These
are arranged to rofer ta the systam's pre-development time pericl
{origin), 1ts developmenta! growth and climex (beginning), ils
developed operation {misdle), its degenerative collapse and decay
{ending), and its remnants {legacy). Together these terms are
intended to reier to all the concrete interconrections between {he
subject and other things snd 1o begin & process of organizing
tnformation about the internal workings of 1he subject.

FIRST STEPS:  The key s in describing opporiunity is
contatned 1n the phrese “made use of in snimating the growth and
systemization of the subject”.  Ealing a prepared mea) with friends
makes use of @ numerous kinds of opportunities and offers a good
example of 8 syslematic process displeying autonomous development.
It beging with littie plen or program olher then gpporiunity and
normally develops 8 coherent animated behavior of its own.

Once the righi opporiunity has sccumulsted some fingi impetus
occurs that signais everyone to begin.  That impetus might be the
saying of & prayer, the unfolding of e nepkin, simply a poignant pauss
in the conversation or minor gesture.  The specific character of thet
impelus may or mey not significantly influsnce the process of the
meal & it develops. The opportunities made use of in the
development of the meat would generally include sppetizing food,
ulensiles, hungry peqple, & certain amount of privecy and having
interesting (hings to talk about between bites.

Upan the impetus to start, the systemizetion of each
individual’s eating process begins, perhaps with the arrenging of
utensils, lesting the beverages oand appetizers, adjusting the
seasonings, and exploring the assoriment of foods oh one's plate for
the first thing lo eat.  Bolh the things et the acls in which they ere
employed are ‘made use of in the developing Systemization of the
whote.  As the meal develops each individual's eating, thinking and
conversation develops in relalion to the (hat of the others.  That
integration intoc an sutohomous whole often becomes the basis for an
especially intimate kind of group end personal exper 1ence.

Of first inlerest in this kind of study is an eccouniing of the
basic opportunities, the impetys thet Insiigates aclive progess



tevelopmant and ihe diverse leading steps of development  Those
daveiopmental steps genarsily ocrur before lhere 15 an established

system to cause them, and ususlly fead 1p the devslopment of the ‘

systam in 8 remackebly direct way. Each step seams to jusl
smmlhly fal) into place, produeing leyiorad opporiunities for the
naxt almost as 1f directed Lowerd 1he eventusl end.

Undersiending the premalure coherence of  sysiem
developmental processes 15 the mast difficult part of investigaling
sulonomous syslems. The leading steps of 8 sysiemization are alweys
imprestivaly intricate, m|emingly spontaneous, and evidenlly guite
necessary 1o Lhe deverlopment of the system’s climax of ganization. in
aty particulsr case the leading stepa ers, indsed, the pariiculer
discovery steps by mesns of which the sysiem develops.

Lemding stups Juch as Ihase can be ohservad 1n 1he development
of virlually any 1entiliable process. They are normelly observabla
btk o5 & diverse: ser ies of indivusun] evends and in grewth trends in
Measuras of ol 1he process It nal in other massures as well,
growih trends are generally evident in the ¢ ates of Suucession of
leading events and in their rates of mater sl and ener gy 1lows

i ihe: development of suting a mesl, for example, grewth irends
might ke found 1n (he sound of ulensdl use Uw (requency of hand
molions ar , complea by, in the ebb and tHuw ol conver sabion | o well as
in the raies of foxd conaumion  Clesrly, none of thise mensur es or
any misthematical relalionship betwesn them acluslly are o even
aderuately describé the subject =ystem and its development. They
mighl, however, ssrve & good 'listening devices' end Indicals whers
vor i0us phames in ihe develnpmant of system coherence begin and end,
This i3 the menner 1n which messures, measure functions and the
torm “growth’ ars used in this method of investigeting ceusslion.

DIRECTED CAUSATION  There seem (o be lwo technically
correct and yseful ways lo use the terms ‘directed opportunity’ and
‘direciad impetuss, and beth are o litlle complicated.  Neiiher is \he
sere of ‘diraciad for meaning oppor lunity or impetus inlended for a
cariain affect, though that may be s temptaiion. That 1mplies
nraconcsplion an the pari of ihe subject system or something in ils
contaxt. Ona mighl use {hat sense 1n discussing engineerad syslems or
human votition, wher ¢ huinan conirol af systems rather then their
nutonomy 18 (ha subjact, but nol In discussions about aulonomous
syslems ihemselves. 11 would deny their autonomy.

Tha main system feature that ‘directed’ opporiunily and
impetus are usad to refer to is the linking of separste evenis into
ystem networks.  'Direcied’ 1mpetys, for example, con e usad (o
refer {o a apark lhal instigeies s chain of evenis resulling in
upportunibies from which a spark can develop, te impetus Uhat
produces opportunity feadback for 1tself. Trus describes & muili-
leva! causal chain involving bolh impetus snd oppariunitly 1inks &
might ba found in an internal combustion angine  The term could
als0 e ysed lo refer to impelys thel instigates a direct succession of
HNpelus Creations a4 a process \n i1self, a8 (n 8 nuclear chain reaction
whora the (mportenl product of 8 fiston 13 the impetus for cthers
ralher lhan the contex) of apportunity for olhers.

‘(hrecied apportunity, similer ly, can refer to a fuel mixture
ihol anables the creation of the impetus for producing @ similer fual
mixlure, Yike the fuel mixture in n cylinder thet results in the
craation of a relalive vacuum inip which & Isler fuel mixtury rushes.
The term can aiso refer 10 things !1ke surfuces exposad to weather Ing
that upon ihe sppropriste impelus oxposs more surfaces to available
wenther ing impelus, crealing & successian of oppartunity &5 8 process
in ilcelf

62

With Ihese farms sutanomous orgenizelion can be fescribed as
direciad successions of eilher impelus (enabled by oveilable
opportunity) or opportunity {instigalad by ovailable impalus) or of
alternating impelus and opportunity thot instigate and enable the
development of each other. The syslemization of a process from
unsystematic origins is the development of one or 8 combination of
these kinds of directed opportunity and impetus which tan then be
inlarprated as the #ysiem’s orgenizelional siruciure.

A second general way in which ‘directed opportunity end
impatys migh! ba used is for referring to the degree and kind of
specificity thet opportunity and impelus have loward each olher and
their results.  Soma things, like supsrcooled weler, can present
highly specific opportunities for almost compistaly unspecified
impetys. Supercooled waler can bagin (0 crysialize follow!ng almost
ary kind of minor diglurbance. The crystalizelion could follow
many differenl palhs through the fluid bul will result in much the
sama oulcome no malter which peth is teken,  Thus, thers is really
only one opper lunity far resulls available, and slmost any impetus
witl bring it aboul  The opporiunity of the silualion 15 "directed’
loward a spacific snd.

(ther {hngs, like the frecturing of a dismond, require a very
nighly, but not absolutely, specific impelus, snd Lhe end result may
be uniquely deter mined by the path along which the propeget lan of the
fracture beqins.  This kind of specific opportunity could be called
‘structured’ opportunity.  Still other things, like the crystalization
of snowflakes, appser Lo orise out of both unspecific impetus sad very
complexly structured opportunity. There iz a lremendous, but
discrele, variaty of signilicently different snow flake palterns thal
con (ollow from virlually identical origineting conditions.

This second sense of 'directed” as “specific’ opportunity and
impatus may offer svenues to understanding individual differences
between systems of similsr origin and for developing sbilities lo
specifically pradict snd influence autonomous behaviors. Which sense
of the term one chonses to use seems 1o turn on whather one s taking
8 forward perapective In time ond telking sbout individual factors
(the firsl use) or whether one is taking & backward perspeclive in
time and telking &bout o silualion &s 8 whole {ihe second use). The
first is primarily used here because the discussion concerns the
evalution of the system siructures that can then be viewed in terms of
the sacond.

OFPORTUNITY AND IMPETUS: The detailed uses of the terms
‘opportunily’ and ‘impelus’ have bean 1eft & 1iitle vague 30 far, and
perhaps should remain at Jeast somewhal {lexibis |dealty impelus
would refer to somelhing thal sels the use of olherwise pessive
opportunities in motion, a kind of finel outside cause, beyond which
internal causalion skes over.

Yerious prozlems erise with that in experience.  One is thal
dalermining & particuler impetus is sometimas a liltle Yike 'finding o
needle in (he havsiack’. As with finding the fina) couse of & process of
sponlaneous combustion in an actusl stack of hay, one with Loo high s
moisture conlent, the search can he quite hopelsss. In irying lo
identify which unkind phrase siarted the process of an uncontrotisble
ergument there's a |ittle more 1o go on, bul still enormous
difficulties. Generslly, insligating impetus is some very minor and
unmesmarable ccourrence in the midst of a greet meny others. There
are some helpful technigues Uhough, Jike looking closely ol &
continugus measyre of the pracess and corsidering (he Impact of
evenis (hat coincide with the incaplion of its growth.

That they can be exceptionslly nard (o find does nol, however ,
necessar Iy mean that autorumous processes can develop withoul any



instrumental impetus. Why, and whether, the development of
prooesees requires some specific initiating event is a very difficutl
issus.  The general evidence for it, though, is sirongly affirmative.
Procrestive concept ion and seed germination ere preconditions for the
devalopment of living orpenisms, snow flakes can't develop without a
center of crystalizstion and someone has (o bresk the silence for e
conversation to bagin.

Because of these difficulties, inorder to mantain impeiuy an
& meaningfu) term, it mus! be broadened to include ‘relstively’ final
outside couses.  How wide a range of things that might be used to refer
to depands on the purposss of nguiring 1nto amy particular subject
and the skills of the observer

in general it seems useful to let the meening of impetus be
broad enough o Include ‘precipitaling opportunily’.  This creates an
option to lalk shoyt impetua in & way seem ingly incompatible with the
{dee &= first presented, 8s 'irresistible opportunity’ rather then es
the niliating outside act of teking it The slege performer in
bringing & parformence to an end precipitaies spplause, providing the
impelus with a careflully piayed mamenl of silence. A toy or piece of
equipment that breeks down may precipilste its repair or
replacement or perhaps the development of inieresis in something
entirely different. In those two cases precipitating opportuntty 1S
crested by the bresking off of & process and an unusual period of
inaction.

A more importent kind of precipitating opportunily ig
exemplified by the closing of & switch that might as well be considered
as the impetus for (he development af a current.  In reality il
croates opportunily for the development of an  autonomous
alectro/molacular current surQe process, following some bottam -up
impetus on a scale that ts probably beyond the limit of messure.
Daticate meesurements will show the current o actually grow,
roles qulte different from the ciosing contact of the swiich, and may
even show some of a current growth's deveiopmental compiaxity.

The opportunity presented by the closing switch is an effeclive
‘command’  opportumty, creeling a8 situation of deveiopmenisl
instab ity for other things.  Much the same is true of a friendly
smile ‘triggering’ e friendly smile or sn offering of money that
precipitales competilian or the coincidence of sppropristz amounts of
water, garkness ang warmin ihat germinate & seed. !n general, there
are 3 ot of compiex happentngs that occur sesmingly es +f Oy just
pressing the right button.  Lower level systemn behgviors seem more
doninantly composad of such reedily precictable ‘commend
apporiunity junclions, and s seem mechanistic  Higher level
wystems seem 1o develop by (he evelution of more snd mare relisbly
predicisbls ones.

As b process becomes systemstized, the role of outside impetus
tends to vanish end De replaced ty mpelus ond precipisting
opportunity ganersted from within.  This {ransition from aulwardly
originated couses to inwardly generated cousas is the iransition of 8
system 10 bacoming cause! by aulonomous.

MOTI¥E PROCESSES: Molive processes sre those that produce
the inlernalization of causes within a developing sutonomous system
tf that Intarnalization of causes proceeds systemetically, it cen often
be identifiad and described as an independent sub- process in its own
g, With sufficient evidence il i3 cailed Ihe system’s ‘mative
process’ for baing its ‘system meking' and ‘opportunily directing
sub-eystem. it's what butlds the means by which a System operates
and its source of developmental animation

One resesrch technigue that helps identify 8 system's molive
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process(s) is to study the under lying rates of chenge of & sysiem's
development, 88 found by taking the derivatives af its growlh curves
{figure 3.).  If the originel curve of the meesure is Lsed to direcl
attention to the system, then the meesure's firsi derivative can be
usac to girecl sttention to the system's primary mol ive process.

The key ides bere is thet if (he system is one that achieves a
stable climax (o shown) then its motive process is one thal goes ta
completion s the system echieves its climax. The motive process is
the system bublding process, snd the builging process ends 85 the
constrection of the system is finishad  When the system eventually
negins o disorganize { o organizationalty collapse and then decay) the
first derivetive of its meesures would direct attention 10 a separels
motive process for the systam's disorganizet ion, its demotive process.

This same pracedure can be used s a continulng regression for
inquiring into still further underlying motive processss { using 270
and 370 derivatives ete.). 1t might also be used inverssly { Jooking
at 15! and 2™ integrals, etc ) for directing stiention towsrd the
gystems thel tha subject prooess might be the underlying molive
process for.

It iz important ta note thet derivalive and integral curves da not
relisbly identify the underlying and overhying mottve and motivaled
processes, but are just & helpful tool for yee in finding them. In
Sime cases concrete motive processes are quite firmby identifisble,
usually identified from having explored diverse evidence of what
builde the gystem’s causal process.

One of the best examples is found in economics, where business
investment is pratty clearly the instrumenta! work of building the
system’s opersiive process. The investment process offers
successively more polent directed oppartunities for developing,
apsorbing end interconnecting the interests and activities of
Individuals in the sconomic system.

Il is fairty pasy to generaiize the term ‘investment’ Lo say thet
it 15 "the motive process’ of econcmies, i e, that it is investment in the
broadest sensa thet builds the system end enimates ils sutonomaus
development  In ganeral , identifying something Jike investment ina
subject system is necessary to satisfactorally determine that what is
being studied really is a contrele autonomous system.  Withoul
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1dentifying & funclioning pair of syslem and Syslem mak ing processes,
the study of an sulonomous sysiem may be just s likely 1o identify
only some peraonelly symbalic tmeges as 1o produce an under tanding
of a concrate sulonomous Indivigual.

4 AMODEL APRLICATION

The wse of this stwly meettand alten runs Infe ver ous
dilficull s, ond oilen 1akes surprisig difection:, 11" prograss
usually fellows the kind of meander Ing scumuintion of idees which
then wocasionally brings about & cunning Tliw of weights ke ony
true disoivery  process The following rowghly describes an
Hivest igat 1on that weau DEHRG 00Nk B 11y desty 1p1un wis et wr iHen
AL Such 1his 15 roughly & disry of how sb exper inental spplicatwn af
the metlod ook |hace 1t will tisploy utrenpgihs ou well gs Lhe
wadh negses in the mettad and 10 1S sl relalively (rexper wnced
application  Whoat 1es it togethwr s stientive direct obser vaton of
the subject of <dudy, 115 growth trends and i%e chains of eventy that
thety direct aftention to.

1ne subject that {urned up to tatk sbout i thet of & running
dribble of waler, a5 commonly SEn of 8 window pone ar cer
windshield ofier & rain, & well us on many olher surfaces (hat have
recenily boen splashed wilh waler  An indivigual water dr 1bble es e
wholo event in Lima bagins with g stahunary o gradually shaing drop
ihat {hen dovelops a guick and sumetimes err alic running motion for o
shari distance and then stops aguin

[hns easmple wirs Clsen lor vArious coosons, for legding
fowar d intigiis ynlo Lhe subyect ol Hews o genernl | lor the eese with
whith 1L can b it ectly ohser viqt and cxperimented with by olhers
and for Inew 1 eapiees Uwe real mbricay of eannently simpte and
cominoh events It was alse choses o belp uliow haw e study of
uncontrolled ndividuel polurel wcCurrencs, even wilhout an
Impreasive maocunt of aienlific hardware, con be mode the subject of
acareful natural sciance research

The sludy was doné withoul tha advantege aof mechenically
recorged direci measures, ather ihan & few Uil photographs.
Detaled slow motion viden recordings would have been a great banefil
#s would compulerized comparisons wilh malthemetical physics
matels, [t 15 surprising, however | just how much can be picked up
by oye.

The first step 15 to closely observe the subject, collecting
impressions that may later fall together & part of en ebilily to
wmaging Iné subject’s intricale aclusl workings  Of special
siwiificance are developmenisl chenpes in the subject ihat might
direct one's stiention to the growih of specific new systams of
behavior and making & ganer gl survey and descriplion of Ihe context
in which lhose deveiopmental changes occur These beginning staps
are efiectively the work of filling 1n some of the hists in & causal
dtagram such as thal shown in figure 2 The general contexiual
nbrasr vations aiwd descr 1ption would go into the list called ‘olher”

Oiven a chance | 1 aps of water run downhill, and if raveling on
4 Ulted surface they oflan follow en rregularly mesodes ing path,
often changing thisir spead and direction Tor no apparent cause The
path and speed of water drops on 8 surface 15 strongly effectad by
their marging with other drops Lhat may be 1 the path and by ihe
lexture of 1he surface. Close observation of moving waler droeps is
omewhal diificult and is aided by bolh brignt lighl end a dark
background wrface 1o produca yisusl contrast in axparymenting
with diffarent smuunts of water at various bilts on various kinds of
surfeces 1Ne Qener ad patierns of behavior begin to become apperent
arl soma par bcuior nxamgles found thet seam 1o examp! ity them
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Figure 4. is a sketch of 1he resulls of a single dribble of waler.
The wa kinds of trails suggest thet the drip had two sysiems of
rovel, and thal there were transitions belwsen them. The drip's
Lravel changad from that of & graduslly aliding drop 1o b quick running
dribble and then suddenty slowed down again. The particuler deibble
that produced 1his paliern of evidence developed from 8 drop of water
thal had bean placad an the smoolh, dry and as| cured bottom of e tilted
cast wron pan.  In Initial slow movement period 1t teft & broad sheet
af water behind, ihen as it began 1o move repidly it 1eft & nerrower
and fulier trail of water and then returped to moving slowly and
leaving o wider Lrail as before.

More ydeal’ surfaces such as we!l cleanad new glass were iried,
but then no changes In drip behsvioral siates were observed at ali,
only steadily treveling drips leaving smooth irails of water behind
that lapered graduaily o the orip gol smaller and smallar.  Waler
drips on smoothly olled new glass and on cleen gloed ceramic
sur faces with microscopic scraiches bolh demonstrated inleresting
byl jess dramatic change of slate behaviors {han the surfece of the
iron pan.  These observalions suggest that complex surfece textures
are part of the opporlunity needed for developing Lhe distinct changes
af state which were chserved, Surfece varialions clearly effect
water drop flow siates, bul it 15 equally clesr thet the development of
thise siates of Mow involves the entire drop and ils internal and
external interrelatignships

The example {figure 4 ) that was chosen to exemplify the
change of stale being studied shaws what might be detatled artifacts of
system changes Between the bmes whan ihe drip wes leaving
behind & thin sheet of water { ihat beaced up in irregular patches} and
lstvung & continuous narrow trail of water behind (ihat beaded up in
hines), it lefl tiny scaltered scraps of water.  These might indicate
iransitional states af some kind pecurring after the previous pattern
of iray| deposition had been disrupted and before the new pattern had
become established

Further experimenl, however, showed lhat these transient
states in trail deposition were not relisbly reproducible.  They
might De evidence of an interpiay of dynamic sysiems, as they first
appear.  Thay might aiso be only an indicalion of the particulsr
conditions of the surface over which the drip traveled, or something
else. An insufficlently complete record of the evenl process was made
1o be able to make that determinat ion.

If taken a5 physical evidence of en interplay of internal systems
the 'speed-up screps’ might indicate that ss the drip suddenly
accelerated on its rapid run it might have first left an especislly thin
sheet of water behind (before esteblishing Its narrow one) which
beaded up 0 significanthy smaller then normal patches. The
"slow -cown scraps’ might indicate that as (he drip suddenly sloweg,
its fuller snd narrower tall was aitle to drain o the head of the drip
more complately, laaving watar behind only at particularly "sticky’
points on the surface,

Interesting, but uncherecteristic, examples of sysiem behavior
such as this one are often ruled out of the evidence In ofher kinds of
scienbific research. Here they ore recognized e being ‘axceplions
that elaborals the rule’ and are found fo be very valuable as such for
suggesting mew way's ta inquire inla bath individua) and normal cases.

What this special example provides is some direct suggestion of
tronsilionsl processes 1hat oo fo completion wilhin the heginning and
snding periods of the subject sysiem as a whole.  These serve as ihe
first direct leads to the identification of the whale system’'s molive
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ond demolive procesass, These liltle scraps of evidence aiso
contribute L0 & suggestion that the dribble could be a coordinated
system of inlersction batween processes occurring st its leading and
trailing parts since they changa together

A further useful observation is thet there is alse a second kind
aof water trail thet is sometimes laft behind, a thin film remaining
where the 18l of the drip has beaded up. It evaparates quick Iy but
when left 1n the track il 1s cleerly visible as 8 vanishing surfece
discoloretion.  The fact that it 15 not alweys spparent indicates that
there are at least two kinds of surface wetting, one that makes a bond
stronger than the internal cohesion af the water ( leaving the surface
condact {fiim behind as the tail beads up) and one ihat makes & weaker
bond { separsting from the suriace as the tail beads up).

The direction in which the beading of the tail oocurs ts also
yseful evi0ence. ~ in some cases 1he tail pulls eway from the surfam
in the direction of the drip's motion and sometimes perpendicular to
it. inihe Iatter case he trail beads up generally toward the center.
Within the portion of the lail sti)l connacted to the head of the drip
tiny rivuiels of water trickle down loward ihe head with the edges
beeding up on e1ther side.

Wnen the lail is very short and the water’'s surface tension
puiling the trailing edge downhill in the direction of drip’s travei, it
looks ke its surface adhesian is holding back the drip's advance
Sudoen individual relesses of surface adhesion at the rear somelimes
do visibly correspond {0 forward mavements sl the head.

In ey case the water beading and trickles 81 the reer are
oiways left behind whenever the drip head accelerates. This
avitence of sepacstely sutonomous hehaviors accurring at the head
and tail of the drip helps to direct the search for the change of stete
process dispioyed by the dribble aa a whale toward events of its
leading eqge.

From this survey of surrounding evidance s basic causal
relationships diagram can be produced (figure 5.)  The resource
ppportunities for the development of & dribble include the drop of
water, its surface tension and surface wetting characteristics and the
slope and texture of 1he surfece on which [t flows. The product
opportunilies include a trail of weter that beads up by ather
processes and finally the pudile or sacond stow drip that is lefl at the
end  These are listed in groups more closely associated with
relatively higher or lower isvel syslems.

The next level of detail in the investigetion begins the way the
general invesligation did, with looking for eydence of deveiopmental
change. The pasic evidence, of course, is the change in the drip's
rale of trevel 8s spproximated in figure 6. The focus of interest is
on the growth periods when increases 1n the rete of flow ars followed
by s1ill greater inCreases.

Befors its accelaration the drip graduslly creeps forward or
mpkes sudden forward slips, extending the lead edge of its surface
contect oy small crescent shaped fingers.  Sometimas those surface
contact s)ips extend ihe lead edge of the drip by relativeiy large sieps
and somei(mes by very tiny steps. Their mation 1s¥if jumplng from
time ta line. Sometimes they come in no relationship to each other and
sometimes in littie flurries, moving e drip forward in & somewhat
regular suriace nibbling fashion. Sometimes they octur on
alternating sides of the line of drip travel and sometimes on onlty one
side, redirecting the line of drip trevel.



