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ROD SWENSON

SPONTANEOUS ORDER, EVOLUTION, AND AUTOCATAKINETICS:
THE NOMOLOGICAL BASIS FOR THE EMERGENCE OF MEANING

INTRODUCTION

Something has meaning when il has the property of "information abouf' some prn
of ihe world with respect to an end or ends of some inlentional system or agent.
lntentional systerns are end directed systerns, but not all end-directed systerns are
intentional. Not all end-dirccted systems require inforrnation about or meadng to
determine their actions towards their ends. We need not invoke intentionality. or
meaning. fbr example, to explain the flow of a river down a dope, or the flow of
heat down a temperature gradien! fiom a hotter to a cooler region because fiese
prccesses are explicable in terms of local physical potentials and tundamental laws.
On the other hand, when a bird flies above the Earth. a bacterium swims up a
concentration or chemical gradient, or a hurnan drives a car, takes a plane, or moves
a bit of food from her plate to her mouth, the action is seen to go in directions that
are ditlerent, or orthogonal. !o processes taker to causally foilow from locrl
physical potentials (fie "orrhogonality condition")- Such behavior is determined by
information about the paths to ends, not by local potentials and it is thcse systerns
we call intentioml.

The orthogonality condition provides some immediae clues to the nature of
intenrionality and meaning. To begin wirh it provides a dimension that has
progressively increased during the course of planetary evolulion. This is interesting
enough because orthodox evolutionary lheory (Darwinian theory) can supply no
ordinal measures with respect to the progrcssive nature of evolution, but it is even
more interesiing by virtue of the fact that it rcfers to the epistemic or cognitive
function of tenestrial evolution writ large, again something fial is well beyond the
scope of Darwinian theory. It suggesls a principled basis for recognizing the
cornrnensurability between psychology, biology and physics, and hence between
knower and known as part of a general evolutiomry or unive$al process.

The most significant clue to the origin and mture of intentionality md meaning
is the distinctive property that defines ihe orthogonality condition ilself. In
panicular, the fact that intentional dynamics work in directions and over lengths of
time different from those delermined by local physical potentials makes it clear that
inteniional systems define dimensions of space-time that are detemined differently
from those systerns derermined by local potentials. what might this mear? Accord-
ing to Bollzmarn's interpretation of the second law of thermodynamics the transition
from disorder to order, lhe tilling of ordered dimensions of space time is infinitely
improbable. Whai then is the basis for the epistemic or psychological dimension
which appears thus to actively work against the apparent universality of physical
iaw? In this papcr I ill show that contrary to the older view which falls oul of
Cartesian metaphysics, the epistemic dimension is not only fu1ly cofimensurable
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with universal principles, but a direct manifesration of them.

CARTESIAN METAPHYSICS, THE RISE OF MODERN SCIENCE AND
THE POSTULATES OF INCOMMENSUP.{BILITY

Ahhough the physics of Newton eclipsed rhe physics of Descartcs itwas the lattefs
dualislis metaphysics that prcvided rhe ground on which fte fomer wrs able to
flourish, and because psychology and physics were defined at their modem origins
by Descartes, he is often referred to nor only as the father of modem philosophy but
the father of modem psychology and physics as .well. What Carlesianism effected
with its dead mechanical, or clock work, view was a mears for rhe religious
aulhority of Descates'timeto see science within a context it could accept. Humans
were seen sitting dualistically ourside rhe clock like world learning the laws of
physics to rnanipulate it lowards rheir own, and hence. as privileged crearions on
Earth. towards divine ends.

The main poin! with respect to rhis paper is rhar Cartesian dualism lireratly took
the active eT,istemic dimension out of the physical parr of the world by defining
physics and psychology by their mutual exclusivity (call this "firsr posrulare of
incommensurability " , Swenson, 1997a, 1997b). Ac€ording to rhis postulaie the world
was divided into an active, purposive, perceiving "mind" 

Che 
"free soul,,, ,,rhintdng

I " , "Cartesian ego " , or "self" ) on the one hand (the psychotogical part), and passive,
''dead", purposeless "matter" (the physical part) on rhe orher. The physicat prrt,
defin€d exclusively by its extension in space and time, was seen to consisr of
reversible, qualityless, inert parlicles govemed by delerministic causal laws from
which the slriving mind, seen as acdve boundiess rnd wiihour spatial or t€mporal
dimension, was iIInNne.

An irnmediate implicate of this view was that spontaneous ordering in gercral,
:nd intenlionality and meaning in parricular were eliminated from the physical world
by definilion, and rceded ro be exlra,physically imposed from the ourside. Anolher
jmmediale implicate, certainly an uninrended one, was rhar the epistemic and
physical parts ofthe world were logically forbidden from inreracring - the problem
of Cartesian interactionism. For one palt ro inreract with anorher ir would have ro
violate the poslulate of incommensurabiliry defining the dualism. For example, for"mind" . supposedly without sparial or remporal dimension, ro acr on marrer defined
in space and time, it would have to become defined in sDace and time at rhe Doint
ol  inreract ion. Bul lhen pan of mrnd would be detrned i ;  space ano | l rn.  -O prn
would nol. How does rhe part that is not then interact with the pan rhar is withour
itselfbecoming defined in space and rime? The problem leads ro 3n infinite regress
unlil mind iakes on the properries of matter and the dualism js demolished.

Leibniz recognized this central problem of Canesianism, ,nd dualism in generat,
by anticipating the law of energy conservation (rhe firsr law of rhemodynamict.
For one thing to interact wiih anorher requires somerhing conserved over the
interacton. and if something is conserved over rhe two ihings or proccsses rhey are,
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at some level, parl of the same thiDg- Without a conse atior ihe two would be tmly
incornmensunble - two separate worlds without any possible relation or causal
connection. Descartes' theory of perception which had mind perceiviag itself when
coupled with the intractable problem of i eractionism, made ihe epistemic
dimension a closed circle with no way in or out (the "Canesial circle") - the
subjective simply givetr with no basis for its existence or qEaningful connection \tith

arything other tha! or beyond itself.
Cartesian metaphysics came full-blowD into modem biology with Kant who'

arguirg that the active, end-directed stdving of liviDg thitrgs, could not be adequately
accounted for as part of a dead, rcversible mechadcal world, promoted a secod
major dualism (the "secood postulate of incomnensurability", Swenson, 1997a'
1997b), the dualism between biology a physics, or between living things atrd their
environrnents (Swenson & Turvey, 1991). This argummt fol the autonomy of
biology from physics is still promoted today by leading Propotrents of Darwidan
theory (e.g. Mayr, 1985). "Darwin", in l-ewoitin's words, following the traditiotr
of iDcommensurability, "completely reject€d [the] world view (..) that what was
outside and what was inside were part of the same whole system (.. ) and rcplac€d
it with one in which organisms and environments vr'ere totally separated" "The tun-
damental dichotomy of evolutionary theory", ia the wotds of l,eviis and l,ewontin
(1985, p. 52), became "ihat of orgarusm and eDvironment", and in this way' the
core Foblelns of Ca$esian metaphysics were effectively sPread from the quesaion

of the nature of huina! minds aDd the rclation to the world to life as a whole

CLOSED-CIRCLE TIIEORY VS. EVOLUTIONARY EPISTEMOLOGY

Post-Cartesiatr iheodes of psychology or epistemology can be genemlly located in
one of two competing paradigms - the work of the later Wittgensteiq Kuhn aJId
others being exempla$ of lhe first and lhe work of Popper, CamPbell, lrrenz
and others beiag exempla$ of ihe second (Munz, 1985, 1987). The prcponents
of the first, "closed-circle theorists", who have wom incomrnensurability atrd
relativism almost as a badge of enlightenment, look to sociology or social
psychology as the basis for meaning and intentionality, while evolutioDary or
Datural selection epistemologists, proponents of the second, look to biology, or,
morc particularly, to Darwinian evolutionary theory as the gound for ihe
epistemic dimension.

Closed-circle theory and the sociology of llrowledee

Closed-cicle theory finds roots in the functionalism of Durklrcim atrd
Malinowski, and the "sociology of knowledge" of Mamlrcim. Earlier roots go
back to Marx and Engels' work on ideology, and Spencel before. While the
cornrnon thftad to all lhese various ancestors was the idea that social orderilg
determines individual action, it should trot be consirued that all were closed-circle
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theorists in the extrcmized post modem form of Wittgenstein rnd Kuhn (Swenson.
1997a).

Social systems. according to Durkheim (18951938), were said ro have a realiry
outside the exislerce of individual humans fial acts to determine their meaningful
relalions and intentional behavior. In explicit reaction to "psychologism", the idea
that cultural systerns are rational construclions of individual intentional agents. as
well as the prevalent evolutionary views of history or cullure. Maiinowski held that
human socbl or cultural systems w€re eflectively closed circles where the parls all
fLrnction 1o maintain lhe whole. Given that the circular relations of such a system
were seen !o refer back to themselves that lhe function of the system is ro
nnihtai itself they were said !o exisl rri gererir. Everything is explained with
respect to something else lhal happens intemal to the circular relalions of the system.

Willgenstein furiher extremized lhis view by trrnsposing il inlo a sociological
version of lhe Cartesim circle. Rather than the circular relations constituting the
self referenlialily of the human mind, Witigensrein's circle was constiiuted ihrough
the intersubjective cjrculrr r€lations of humans within a cultural sysiem. Meanings,
said Willgenstein, are formulated and slaled in "language games" consisting of a set
of rules that constirute closed circles of meanings. Because there is no individual
language lherc can be no individual meanings, and because such systerns are closed
circles there can be no ostensive pointing or rcfercnce to anything outside the system
(i.e. an objective "world"). What is more, because meaning is entirely relative to
the rules of each system and thus meaning invarianoe is denied, such circles of
meaning are inconrmensurable wilh respect to each olher. Trurh thus varies from one
closed circle 1o the next, and can only be measured with respect lo the rules or
authorily of a prrticular community.

In Kuhn's influential history and philosophy of science Wittgenstein's closed-
circle language games were tumed into paradigrns, and the history of science the
shift irom one paradigm 10 another (scientific revolutions). Since realily is la](en to
be ,n ideal construction of human cognizers operating under panicular paradignrs,
and since paradigms as closed circles are incon'unensurable wilh each other there is
no progress in science or in Kuhn's view - without meaniry invariance there is no
way to make a comparison, In this view, Einstein's physics does not subsume or
explain Newton's but rejects it, The post-modem stnrciuralism of Foucault, Denida,
and the postmodem pragrnatism of Rorty, which uses Foucault. ill effect, to justiti
Wittgenstein (Munz. 1987). are all closed circle theories that share the common
premises of the relativity of meaning lo circularly closed systerns, and the
incommensurability of such systems with respec! to each other and an external
world. Closed circle theory carries forward the anti-realisl position of posilivism.
but in addilion altacks ils rationality.

Erolutionary epistenology: evolution as a k owledge acquisition process

Evolutiomry or natural selection epistemologists have a point of view almost
directly opposile to that of rhe closed circle theorists (e.g. see Callebaut &



SPONTANEOUS ORDER, EVOLUTION, AND AUTOCATAKINETICS '159

Pinxten, 1987; Radnitzky & Bartley, 1987). Whereas closed-circle theodsts such as
Wittgenstein ,nd Kuhn arc arch anti-evolutionists, evolutionary epistemologists hold
that knowledge is the product of evolution, and that evolution at its core is a
progressive ard continuous knowledge acquisitiorprocess, in Popper's words, " from
amoeba to rnan" following from natural selection. Every living thing has knowledge
in the expectations on which its inientional behavior depeds, and this knowledge
as the consequence of natural selection is true (hypothetically) since if it were not
the living lhing in question would be dead. Thus while true knowledge to the
closed-circle theorist follows from cultual authority under a panicular paradigm,
to the evolutionary epistemologist it is determined with respect io ihe perfomrance
of an epistemic agent in the world. Scientific howledge is seen to be continuous
with evolution by natural selection since it too hvolves a tdal and error plocess of
setection through the proposal and refutation of falsiflable hypotheses (Carnpbell,
1987).

Both approaches 4rc Cartesian at their cores

Closed-circle theory is the Cartesian circle regressed

Although closed-circle theory is often given as a kind of enlightened altemative to
modemism, it is itself modemism carried to a certain post-Hmean, post-
Kalltian, extremized conclusion - the Cartesian core is still there only wrapped
in sociological packaging. More precisely, it is the Cartesian circle regressed
from the individual to the cultural level. Regressed because the original epistemic
problem of the Cartesiai circle still rcmains, and by extending lhe idea to
cullure, a second one is added. Regressive moves of this kiDd are defiling
symptoms of what lnkatos (19?0) has called "degenerative 

Problem shifts", arld
ihey are inherent to dualist schemes. The various problems of closed-circle theory
are of four rnaln kinds which are all related.

l. Ihe prcmises of closed circle theory nake it anli-ewlutionary I, definition,
a d it thus ofeB no account (nor carcs to) of ewLutionary dynamics, in pani.u'
laL the dirccted and eryansil)e naturc of the epislemic or psychological ditension
in evolution. Closed-circle iheory is anti-evolutionary h two ways The first is
that because closed circles are inconmensurable with each other there is no way
to assen ihat ahey arc pafl of ary evolutionary proc€ss - no continuity over the
discontinuity, and thus no ground to assert an ordinal measure with respecl to the
direction of time. From this perspective there is a deep incoherence in
closed-circle theory as a history of science because it must rely implicidy on
pdnciples to state its position ihat it theoretically denies. Kub4 for example,
relies on a histodcal comparison of paradigms to claim lhat such paradigms are
incomparable- In addition, while the history of science for Kuhn is taken to be
constituted by paradigm shifts there is no principled way to address when or why
such transformations should occur, or that ihey should appear in ary particular
order, e.g. Einstein's theory could just as well have preceded Newton's. the
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theory of oxygen rhat of phlogiston, or the theory of heat that of the calodc.
The second way that closed,circle theory is anti evolutionary is by grounding

meadng in the intersubjecrive relations of humans. The consequence is similar to
the consequence of Descartes' view of perception as a raiional process which, whetr
coupled with the further claim that only hurnar$ are capable of rational processes,
took the entire psychological dimension away from the rest of life. Closed circle
theory, while abandoning "the thing in itself',, is a furrher extremjzation of the
anthropocentric "revolution" oi Kant which has the epistemic acts of hurnans. in
ellecr. diclaling reaiily to fie resr ot the $ortd. which in fte case of clo.ed-circle
theory is ideally created aDew, and entirely at ratdom, withour rhyme or reason,
with each new paradigm.

Z. me fonal causality postulated at the core of clo[ed circ]e ontology constitutes
an illesititMte tekoloeical pinciple yrith respect to accepted physkaL and biologicat
pnnc?/?J. By making the firndamental reality the circulrrty defineat cultural sysrem,
closed-circle theory substitures "fomal cause" (the form or shape of a thing, in rhis
case the circular relations) for rhe usual efficient cause that consritures rhe notion of
causality in modem science. The components are determined by the dynamic
functional ordering of the whole rather th3n the oiher way around.

But here arises the problem that has discredired vituatty every one of
closed-circle rheory's functionalisr ancestor,s before it (see Tumer & Marvanski.
l9?9) - by lbe most uidety accepled principtes of physics and bioloiy. $e
end-directed behavior it iDvokes entails an illegitimare teleologicat prin€iple.
Downward causality, or formal cause, was removed from modem science. alone
wi$ finai cause. ar ils origins. Biology. on lhe one hand. reiecrs such causaliry
because funcrional behavior is lalcn ro follow from natunl selection, and the
functional ordering of closed circle systerns, which are populations of one cannot
lbllow from natural selecrion. Physics, on the oiher hard, has traditionallv reiected
such sponlaneous orderrDg because rhe world, on t}le (€ceived view ol lhe s;cond
law of thermodynanics, has been taken to be collapsing to disorder.

3. Ihe intersubjectiyirJ at the core of closed circle theory begs the old CartesiM
questions and doubles the problem. T-he Canesian circle foltows logically from rhe
first postulate of incortunensurability and the claim that perceDtion is by rhe mind
ol lhe nxDd. Whar I know indubirabty. said Oescane". ir tis farnous iogiro er6o
rrm, is my own active self-reflective mind. Clairns about knowledge of aJl oursiate
or objective world, on this view, are impossible, and claifis for the exisrence of
such a world, iherefore, effectively irrelevant Gince two incorffnensurable thinss
have 66 6nutr1 efficacy wilh respect ro ooe anorher). and on parsimony simpiy
unerilightened supentition. By raking the idea of the self-reflective Canesian circle
and invoking it at the cultunl level instanaiated by ihe inteNubjecrive relations of
individual humans, closed-circle lheory begs the originat Canesian questions and
doubles the ptoblem.

Briefly put, meanings for the closed circte iheorist exist in the persistent and
rDvarianr relarions constiruted by Lhe iotersubjective retaLions thar define rhe closed
circle. To each individual, however, this requires persistent and invariant relations
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with an outside world. ,nd this requires a non &rtesian th€ory of perception. hr
short, inlersubjeclivity requires breating the Cartesian circle since the individual
mind is no longer simpty perceiving itself, but something exiernal in relatior to
which it comes to be detennined or defined, and this requircs a commensurabilily
between knower and known which undercuts the ground of closed-circle fteory
once rhe Cartesian circle is thus brcken lhere is no tonger any principled basis lbr
i t .

4. Closed-circle theory sinply supporrs the status quo, a dubious distinction in d
rapidlf changing world. Closed circle theory is somelimes laken io be enlightened
because in its denial of a measure fbr the ordinal compsrison of culiures it fosteft
an egalitarian view, bu! lhe idea of closed-system theory that truth is determined by
the authority of a corlnunity cades a severe ideologioal price lag of its own since
it nakes no dislinction b€tween ways lhis epistemic authodty is established. when
taken !o its logical conclusion lhere is no way to discriminalebetween truth obtained
by sci€ntifio merhods, by religious revelation, or authoriiy achieved a! gun point.
Meaning and truth are simply delermined by those in power, and given the
incorffnensurability of various power structures operating under parlicuiar paradigms
there is no way to comparc or mal(e a judgement about one wilh respect to another

pragmatism, convenlionalism, jnstrumentalism, and so on, under lhis view can
only serve, by definition, to rcinforce hegemony, or the status quo, whatever i! is.

The problcm with evolutionary epistemology is Darwinia,r evolution.iy iheory

The problem with evolutiorary episrcmology is that i! relies on Darwinian evolu-
tionary theory, but evolutionary theory reduced to Darwinism can never provide
an account of the epistemic dimension, either the active intenlional striving of
living things or lhe meaningtul relations it entails (Swenson, 1997a, 1997c). The
fbur distinct, but related, reasons fbr this. all follow direclly trom its Cartesian
tbundations:

L The situational logic oJ natural sekc.tion, and hence Daministtl cls a theory
of evolution asswnes he psJchologicaL or acti|e epistenic dinension to begi
lrtr. The core concepl of Darwinian theory is natural selection (Depew &
Weber, 1995). Evolution, according to Darwinism, follows from natural selection
and naturrl selection is €ntailed by a silualional logic (Popper. 1985) if certain
condilions hold then natural selection will ne€essarity tbllow. Thcsc conditions
are hentable variation, finite resources and lhe fecundity principle, a biological
extremum principle that captures the active striving of living things. Nalural
selection. said Darwin (1959/1937. p. 152), iollows from a population of
replicating or rcproducing eniities with variation "slrivjng to seize on every
unoccupied or less well occupied space in the economy of nature". Because
"every orga c being", he said (Darwin, 1959/1937, p. 266), is "striving its
uhost to increase, there is therefore the strongest possible power lending to
malke each site support as much life as possible". Paraphnsing Darwin, in
Schweber's (1985, p. 38) words. lhis says that nature acts to "ma,\imizc lhe
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amourt of life per unit area" givel the consrraints. Because narurut selection is thus
seen as a consequence of the fecundity principle, and because the fecundiry pdnciple
assumes Ihe active intentional dynaInics or psychological or epistemic dinension of
living things, ,n explication of the psychological dimension is beyond the reach of
natural selection, and hence, by definition Darwinian theory.

2. 1he claim that the grcwth of k owledge is a proeressire eyolutionary process
isa assenion that can neither be tmde nor explained from the grow(l of Daruinian
theory because the rcleyant obsemable (fitness) b reldivized to members of breeding
populations. E.r'oltrtionary epistemology nrakes the claim that the growth oi
knowledge is continuous from "amoeba to man" , and the measure of rhe knowledse
a living tbiD8 possesses is irs finess. BuL fitness. oo rbe Darwiniao view, aad rh-us
knowledge, is relativized to members of a bre€ding population (species). Thus a
zebra who can run faster thall another zebra, avoid predators better, and thereby
produce more offspring is more fit, and can be said to possess more evolutionary
knowledge, than a zebra that is slower, but a zebla canDot be compared on the sarne
basis to a mouse, or to an amoeba. Mice can only be judged more or less fit with
respect to other mice, zebras with respect to other zebras, and amoebas lvith respect
ro orher amoebas, and $is m*es fihess an incomrnensurable observable wirh
respect to any assertioi.s about evolution writ lalge,

3 . Given the second post late of incommensurabilitt assumed bt Dari,,tinian theory
!hcrc are no grounds $irhin the theonJronwhi.h cpistenic or ncaningful retations
betuleen liing thines and theb enyircnments can take ptace. The fecundity principle
on which evolution on the Darwinian view cruciatly depends assumes the active
inientional dynrnics of living things - it assumes rhe mearingfirl determination of
the behavior of living things wirh respect to their intenrional ends. civen the second
posnrlate of incornmensurabiliry built into the foundations of Darwinian theory.
however lhe rej€(rion b) Darwinism lhat whar is inside atrd whar is ourside are
part of the same whole system (l-ewonrin, 1992), there is no principled basis for
meaningful relations to take place. Such a basis cannot be given by a theory like
Darwinism that holds biology and physics or living ihings and their ervironrnents
to be incommensurable.

4. Daruinism has no account of the insensiti.ritt to initi( conditions (hke
consequefits from unlike antecedents) requircd to account for the reliabitiq of
intentional dlnamics or the eyolutionary reco .irrir larg€. On the mechanical view
of the world causatity is reduced almost entirely to efficiert cause (like antecedenls
produce like consequents), but the inlentional dynamics of living things require like
consequents tiom unlike antecedents. In short, to use the felicitous terrns of Dvke
{ 1997r. they musr be "end-specific' and nor "stan specific,'. The dynarrncs of Ii;ing
things require giving a fundafiental ontological sratus to "folr|al causes'. in
Aistode's tems, that function nomologically at a macroscopic level to attract and
entram mrcro-components towards deterninate macroscopic ends regardless of
dillbrences (within tolerance) of microscopic stating conditions. Among other
things, this goes to &e issues of multiple realizability, downward causation, and the
lact that forns in nature, including those considered as intentional dynamics "fall
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out" at c ticat thresholds of dimensionless Iaiios. Darwinian theory, based as it is
on efficient cause, continuous change, ard the idea, in effect, that "anything goes"

cannot address this fundamental dynamic.
5. Darwinism cannot ad&ess cultural evolution or evolulion of lile as a single

process at the planetary level because s ch sJslems erohe as populations of o e, and
natural selection can onIJ e:pl.ain' the tesults following ltom a comPeting popula'
tiotl of nmnt. In conirast 10 lhe closed-circle theorists who take scientific knowledge
to be iuationally determircd under a pandigm, evolutiomry epistemology takes the
producrion of scientific knowledge to be determined by a process of rational, critical
setection. But cultural systems are circularly causal, ard the production of hurnan
knowledge is culturally determined - cultural systems are defined by world views
or paradigrns and what is accepted as meadngful purcuiB or htentions, including
the pursuit of scieniific questions (aJrd thus answers) are t'?ically ihose that support
the underlying paradigm. What is more, evolution itself at the planetary level is a
single global circularly causal system on which the ordinary objects of Darwinian
study as well as cultural systerns depend (e.9. for a steady and reliable supply of
oxygen). Darwinism carmot address the circutar causality of cullural systems or life
at the plmetary level on which all other terestdal evolutionary products depend
because such systerns evolve as populalions of one and natural sel€ction oDly works
on a population of many (Dawkins, 1982; Maynard Snith, 1988; Swenson. l99la).

AUTOCATAKINESIS, THE EPISTEMIC DIMENSION, AND EVOLUTION AS
SELF.ORGANIZATION

Retum to cogito

Descartes had two important things right. The first was his admonition to
challenge authority (what are closed-circie theorists to do!?), and the second was
ihe general idea ol his coSito ergo firm, his asserlion lhat what each of us knows
indubitably (viz., what certaitrly exists) is the facl of oul own epistemic experien
ce. wllat Descares had wrong after that, however, by asserting the fint postulate

of irconnensurability (lhe dualism of self vs. other, knower vs. knolvn, or
psychologJ vs. physics), in a sense, was everylhing- Being more precise, of
course, Descartes did not exacdy say that "what I know indubitably is the fact of
my own epistemic experience", what he said was "what I know exisls hdubitably
is the independed'self or'thinking t' ('mind')", in shon, ihe Cartesian circle,
and this is where Descartes made his major effor because such an independent
self or mind is just what none of us Lnows. Wlether a consequence of individual
perceptions, actions, feelings, thoughts, imagination or any form of experience
each of us only experiences ouI self in relation to tiat which we are not - no
self wiihout not self, no knower without kno*n, no subjective without objective.
Even ihe conception is unimaginable. In short, the Canesiai circle is a myth.
Self-referenc€, in lhe epistemic experience, is defined by the relation of the self



164 ROD SWENSON

to lhat which it is not.
wllat is more, the persistence or invariant propedies tlut define the rclatiotr

means there is a conservation over the relation, a third thiag known that is neither
self nor other that rernains invariart over the two, and there arc two other
fundamental propenies entailed by the epistemic experience (rhe ',epistemic giver')
too. The fint is the circular relations implied by self reference, and the second is
time-asyrnrnetry or ineversibility. The circular relarions defitrirq self rcference tal@
place tbrough a one-way flow ol lime. Persisreoce ot lhe defi;ing relalioN meaos
consenation through ptocess - the conservation must flow for a self_oiher rclation
to persist. These futrdamental properties, a defining relation between self aral other,
the circularity constituting the relation, a conservation over the relation, and oDe_wav
flow of the conservariotr provide a bnd of midmal set ol world propenies or
onrological condirjons enlailed by fte episremic experience. Figuri t strows a
schematic of this mhimal ontology - (a) shows the conservatiotr, that which is
neither self nor oiher, and out of whose flow rhe self-other relation is constituted,
and O) shows the self-other relation circularly constituted in the direcrional flow.

Figure l. The mininal ontology. !rcn Swemon, 199?c, p. 68, copyrish 1997 Lawrence Erlbaum Ass..
Inc., reprinted by Demission.

Autocatakinetics

The non Cartesian conjunction sho*n in Figure I (call it the "embedded circle')
provides rhe basis for undentanding the comiensurability between physics,
psychology and biology where i! becomes possible to subsume whai is dght about
closed-circle theory aIId evolutionary epistemology, white gefiing rid of the
Cartesian ghost and the resulting degenerative problerDshift to give a principled
account of the emergence and evolurion of meaning and intentionality or the
epistemic dirnension. Epistemic agellts, following Figure 1, can be seen to be
members of a class of systems called ,,autocatakinetic", a term referrine to
selforgan'7ing or sponlaneously ordered sysrems.. Autocatalioetic systemiare
flow strucrures that by pulling resources illto thenselves nuintain their identities
through the flu,\ or motion of their components. ln other words, invadance ai one
level, the form of rhe rhing, is constitured by change or motior ar the component
level,

The root of the idea goes back at least to Heraclitus (536 B.C.) who character_
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ized the wodd as a process of contiDual flow, and its objects as constituted by a
generalized metabolism or combustion. Fire, as Aristode (1947, p. 182) wrote
centuries later ir De ,,lnt}a, sEessing the active agency and generalized metabolism
of such systerns, "alone of the priorary elanents (earth, water, air, ard fire) is
observed to feed and increase itself". In this century, von Benalanffy (e.g 1952)
developed these ideas under lhe name of "open systems", alld Prigogine (e.g 1978)
under the heading of "dissipative stnctures". An autocatakinetic system is defined
as one that rnaintains its "self" as ajl entity constitutedby, and empirically traceable
to, a set ol noDlinear (circularly causal) relations through the dissipatiotr or
brealdown of field (envirotunenlal) potentials (or resources) iII lhe continuous
coordinated motiotr of iis cofirpoflenls (ftom a,rto "self" + cata- "down" + kinetic,
"of the motion of material bodies ard the forces and energy associated therewith"
lj'orn lanein, "to cause to move") (Swenson, 1991a). From this definition other
examples of autocataldnetic systems, in addition to flames, caJI be seen to include
dust devils, hurricales, tomado€s, and all the entities tpically taken to be living,
including human culhiral systems (e.g. tribes, chiefdoms, nation states and empires),
and perhaps most importantly, the planetary system as a whole of which all the rest
are component productions, Figue 2 shows a generalized drawing of aJI autocata_
kinetic system.

Fisue 2. A geneBlized aulocalakinetic syslen. Ei and ti' indiM€ a source ald a silk vith the difrereoe
berween tnen co.stituiing a field potential witn a dedodynamic force 4 (a foEe being the gradienr or

a pore.tial) the magdtude ofwhicb is a neasute oflie ditreEnce b€tqen lhen Ad n the energv flow
a' fie inpur, dednrnonrhe porennal whfh R tr4tulormed rnbe0boPy produ.uon as arihe ourpJt F[
is rhe i er.rl Dotential canidl in the circuld relatio6 thri deUne dre sysi€n by vittle of iB dishrce
ftom €qniibnun thar acls back 10 amplify or nai ain inpul du.ing groMh or non'glovlh phases

lespeclively Nith an i eml iorce a:. Fron SweBon, 1991a, p. 45, copy.iglit 1991 lntersys€@
Pnblicatiotu, adapted by permission.

Kinds of causalitt, aulocala*inesis, and non'Cartesian circles

Part of mechanistic or Cartesian hegemony is lh€ idea that nomological descdpti
on means reduction to efficient cause, but to accept this notion is simply to
proceed from the view of "normal science", in KubII's phrase, ltirftin the
Canesian paradigm, and iftenrional dynafiics, and the minirnal oDtology it e ails
as expressed in autocatakinesis are not reachable from the Cartesian core. The
Aristoteliar causal systern (in vadous versions), the system mechanisiic theory
reolaced asserted a multiDle causal framework with four distinct aJId kinds of
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causes of which efficient cause was just one. The three other kinds were rnatedal,
formal. and final. Such a four-cause framework, suilably brought up to date is
remarkably useful in understanding the dynamics of self-organizing systems.l In
particular, the removal of formal ard final causes, the removal of ali enddirectedness
from the physical world was a crucial part of the dead mechanical world view that
galned ascendancy with modem science. But the worid, as Aristotle recognized, is
in]rcrently active and end directed and if rhe epistemic dimension is ever to be
undersaood it is prccisely this aspect of the world that musr be grasped. The
epistemic dimension of things, their shape, development, and intenrional behavior,
is not, and, as we shall see, cdnnot be micro-determjned (viz., derermined by
efficient cause), but arise and are determined nomologically neverlheless.

Insensitivity to initial conditions, downward causarion, or maqodeterminacy

Central to the mechanistic conception is that like antecedents produce lil(e conse-
quenls - lhat maqoscopic dynarnics ale micro determined, and that to change
the micro-conditions produces a change in the macro conditions rhat lbllows
deterministically from the equations of motion. If one knows the coordinares of
the components at some time then, in pdnciple, one knows all furure and past
states ("Laplacian determinism"). A haltmark of the intentional dynarnics of
livitrg things, however, is that the same consequence or end state typically
follows from different sets of initial conditions. Intertional dynamics are nor
Laplacian deterministic. Given the crucial rcquiremenr that pr€cise behavioral
pattems of living things must be repeatedly realized for living things to function
or survive, surely mea.ns, however, thai such systems, even though not Laplacian
determined, must still be detemined.

In fact, it is striking to realize that real-world initial micro-condiaions are never
the same twice. Whether one believes that quanrum states are objectively
probable (meaning that behavior of individual events is not predictable although
lhe average behavior is), or the older notion rhat stochasticity is simply a matter
of hurnan ignorance, the micro-conditions at one rime will, for alt practical
purpos€s, never be the sarne as at some other time. If Laplacian determinism
were true lhen the repetition of forms not only of behavior, bur of behaving
things thernselves would be inconceivable.r The real-world dynamics of autocata-
kinetic systems of which intentional ones ate a kind show a remffkable irpnrrri
iq b inilial cotulitions. They prcduce the same end states from differenr initial
conditions. The significarce of this remarkable fact, fiffr used by Driesch against
mechanism and in support of vitalism, recognized in a non-vitalistic form by von
Bertalanfry under the name of "equifinality", and by Weiss under the nane of
macro deteminacy, has been repeatedly stressed by developmentally minded
evolutionaiy theorists (e.9. see Salthe, 1994: Swenson, t991a, 1992).!

Figure 3 shows two time slic€s from the B6nard fluid experiment, rn exemplar
of spontaneous order production or self organizarion in a simple physical system.
The left hand photograph shows the disordered regime and the righr-hand one
shows the spontaneous production of order ihat occurs when the energy gradient
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or potential between source and sink is increased beyond a critical minimal threshold
and the fluid spontareously fills with B6nard "cells " . The cells in the photograph are
seen to be of variable size and shape, As time continues, however, a spontareous
process of selection occurs that includes the subsmption of smaller cells by larger
ones, the conpetitive exclusion of $Mller cells by larger ones, and th€ spontaneous
division of larger cells to smaller on€s (e.9. see Sweffon, 1989a, 1989b, 1992, and
in press, for the time series). The end result is a regular array of hexagonal cells of
uniform size and shap€. The variability that is seen at the begimiag of the process
is a consequence of the fact that order production is stochasticaliy se€ded,

In padicular, in the disordered regime the dynamics are ch?racterized by rardom
collisions between rnicro-comporcnts which constitute fluctuations arouDd an average
stare. Whm the critical threshold is crossed spontaneous order is seeded by any
fluctuation arylvhere in the fluid that is of a minimal amplitude. Since the location
ard actual amplitude of such fluctuations is stochastically determined the cells will
folm at different places in the fluid and grow at different Iates every time the
experiment is dorc. Seconds after the critical ihreshold is crossed the fluid thus fills
with cells of variable size, but each and every time the expedment is nrn the
variability in the siz€ and shape is progressively eliminated by a process of selection
to produce a flnal state of hexagonal cells,

In a decidedly non-Laplacian fashi,on, wEke micro-antecede ts lead
nmcroscopic consequences. Herc we see a prot€ss of "blind variation"

to like

stochasticity of the micro-components in the disordered regime and a lawful process
of selection leading lo a macro-determinate result. Random initial cotrditions at the
micm-levcl do not mean that the evolution of the systern is random or ndetermined,

Fi8ue l. B6noid ells, Two nme sii@s from lhe BCnald expe!tne.(. Tbe fi6t tinre slie (left) shows the
nomog€n€ous or diso.de.ed BolEnEtu rgime l'here entlopy is produced by neal flov fron ihe
disordered collisio$ of the 'norrules (by conduction), rnd Lle se@nd (right) shows enFopy Producno.
in the odered regnne. Spo ,ln.oxr order anses when ihe field noteflial is above a minimum critcal
tnrcshold and sbchasic niftoscopic nuctuadons re amplified ro macroscopic levels dd hrndieds of
niuions of noleotles begin noving cohereDdy rogeiher l.om Swerson, 1989c, copyngh 198t
Pergmon Pres. repnftd by p-mission.
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The Interplay of micro and macro and the expansion of space_time alimensions

The establishment of autocatakinesis or the origills of oraler is qeneric adoss
scales. In each case ir rnvolves l. stochasticily or "btind varialioo.iat rhe micro_
level that "seeds" order at the rnacrolevel, 2. circular causality to amplif,, rhe
microscopic seediDg and constitute ihe order at the maclo,levet. aJlal 3. a
source-sink gradient above sone minimal cdtical level sufficieDt to pump up or
fill out the new dimensions of space-time spontaneous ordering eltails. These
principles can be seer at work in the Benad expedment'wirh a morc detaileil
look. Figue 4 shows a schematic of the pattem of flow thar defmes ihe autocata-
kinesis of a single Benard cell.

_i,/
liglre 4. Auiocarakitutic flow in a B€mrd @lt, The aurocatakineric flo* of lhe fluid constitutin! a
Benard *ll 6 shown bv Lhe smu mqs. r, . 4 is dF hqr sndcr berween Lfi e hmr source be;w
and the mol sink above thar @nslirrtes the polertid thar norivnes rhe floe. B€suse densirv varies
in'enelJ wirh kmpemue theE is also a deG'ry eadienr from boiom b rop giqng g;ups ol
noleculs ("pdcek") iltat de dispjaccd upmrds !y stcrcbrstic coltisios and uD*ard buovaoi force. If
de poknLial is abo\e fie niribh rhBhold parcets wrll nove upwarO a tasrer are rtran treir eres
heat can be dhsipaled to rhen suFounds, At de sane dDs such an upwd flow of hdt will inc@s€
lhe tenperature of lbe upper sDdace direcrly above it crcating a surface tenlion gradient Ir + ?i
Nhich qiil acl to tunher mplit ihe upward flow by pulliog the honer nuid ro lbe cooler sunounds_
The upward displacene of fluid creaies a vacun efiect puting nore hdr€rl iuid fton tbe bonon
in behind ii whicn i! nrrns nal€s roon foi tne fluid qhich n6 b.en coolerl by ns novene acrcss
de top b lEll. be hqled. and can' on de cJcle drus er@blishins @car.kinsi:. From SseNon.
1997^, p.24, copyn|.nht 1997 tAI Pess, Inc., reprinled by peros,on.

B€cause the intrinsic space{ime dirnensions for ary system or process are
defined by the persistenc€ of its component relations the traisformation from
disorder to order incleases its dimensions dramatically. h the ordered regime of
the B6nard example the intrinsic dimeDsions are of the order of seconds aftl
cenlimeters - it takes the fluid some seconds to make an autocatakinetic cvcle
betwern source and sin}. and rhe distance covered, or rbe dimensioDs of a si;sle
cell. is in numbers of cenlimerers. This is in srark coDrrasr ro lbe disord;d
regime where the intrinsic spacetime dimensions ate defined by mean free path

-(

I
I

j
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distances and relaxation times (the distances and times between collisions) a are
on the order of l0{ celtimeters and 1015 seconds,

The relation betweer micro and macro in the filliry of higher-order€d dimensions
of spacetines follows from the amplification of a micro-stochasticity to mrcroscopic
proportions by madoscopic feedback relatioDs, and lhe way rnado-motiol works
circularly to determine micro-motion by spontaneously selecting microscopic degrees
of fieedom, by entraining or pulling micro-components into its fofflation and
maintenaace, is clearly seen in Figure 4 Here we see ihe dynamics of ihe mhimal
onlology at work, the origin and persistence of non-Cartesian circles atrd their
inextricable dynadcal relation to their etrYircnmeDts, but what is lhe nomological

basis for such spontaneous ordering?

THE LAW OF MMIMUM ENTROPY PRODUCTION
OR WHY THE WORLD IS IN THE ORDER PRODUCTION BUSINESS

me hws of thermodJnamics are special laws of phlsics

To say somelhing is conserved or rernains the sane over certarn [ansformalions
is to describe a symmeEy, and to say ihat there is a one-way flow of something
is io describe a broker syrnrneuy. From this we see that these two first principles

of the epistemic dimension given in lhe conjunction shown in Figure I are
syrnmetry pdrciples. Of great i erest is the fact that they are also statements' rn
very prcfould form, of the fust and second laws of ihermodyna.nics. This
underscores ihe point lhat the flrst and second laws of thermodynamics are not
ordinary laws of physics. B€cause the first law, the law of energy conservation,
ir effect, unifies all real-world processes, it is thus a taw on which all other laws
depend. In more technical terms, it expresses the time{ranslation symmetry ol
the laws of physics ih€rnselves - ihere could be no laws, no invariances, no
persistences or ongoing relations without tifie-fanslation synnnetry, without a
conserved quantity Mderlying the charye. The second law not oDly govems the
ordinary taws of physics, but the first law as well. If lhe first law expresses the
underlying syrflretry principle of ihe natual world (that which remai$ the same)
the secoDd law €xpresses the broken synrnetry (tiat which universally chalges).
It is with the second law that end-directedness, ard time itself, the ordinary
experience of then and now, of the flow of lhings, is given nomological gloun

ding.

The classical statements of lhe first and seaond laws

Following the work of Davy and Rumford, the first law was first formulated by
Mayer, then Joule, ard later Hetmholtz ill the first half of lhe nineteenth century
wilh various demonstrations of the equivalence of heat and other fonns of
energy. Figure 5 shows the experiment devised by Joule. The law was completed
in ihis century with Einstein's demonstration that matter is also a fo.m of energy.
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The tirst law says rhar (a) all reat-world processes consisr of lransformations of one
lbrm of energy into anofter (e.g. mechanical, chemical, or el€ctrical enersv or
energy in lbe torm ot hearj. and dral (b, rle toral amounr or energy in allreal-;orld
transformations always remains the same or is conserved (energy is neither created
nor destroyed).

The first law was no! fully unde(rood unril lhe second law was formulated bv
claucius and I  hom.on in the 1850 , .  Some 'wenl)- trve year\  eartrer Carnol ha;
obse ed lhat like ihe fall of a srream lhai rums a mill wheel. it was rhe ',fall', of
heat from higher io lower remperaturcs that motivated a steam engine. That this
work showed an ineversible destruclion of "motive force" or potential fbr producing
change suggested to Clausius ard Thomson rhat either rhe first law was faise (energy
was not conse ed), or else energy was not the motive force for chanee.
Recognrzing rhdl Lhe ac ve principle ajrd lhe conserved quantity Lould nor be l-he
same they realized tha! rhere were rwo iaws ar work ard showed rheir relarion.
Clausius coined the word "entropy" to refer to ihe dissipared potenrial, and the
second law states that all natural processes proceed so as to ma\imize the entropy
(or equivalently minimize or dissipate rhe porential). while energy, ar ihe same rime
is enlirely conse ed. The bahnce equation of rhe second law, expressed as AS >
0. says that in all real world processes entropy always increases.

Fisure 5. roule\ experimenrshowinsrheconservaionofeBgy. when a consrainis renoved, poenial
energy in tne formofa suspended weighlis convened into r.\e nechanical or kinetic eners! ofa movinr
pdd,lle dheel n rn energ. rielr. on|nrner ur wd"r raung rhe q,", tv. ".o,. .c-iut . ,.-",
ol potenrial enersy lon bt de ialling weighr. Frcn Sweson, 199?a, p. 3r, copyrighr 1997 JAr press,
Inc., reprinted by permssion.

The second law provides the nomologicai bases for understanding rhe directed
flow entailed by the minimal ontology. The crucial role of rhis broken syrnmetry in
ep$temic processes can be funher grasped by reruming to the experiment of Joule
- alrhough designed to show rhe tirsr law it, and every other experiment designed
to demonstrate the first law (e.g. Mayer and Helmholiz), demonstrared the second
law as well- The act of tuming lhe paddle wheel by the fall of the weigh!. and rhe
measuring of lhe conservation (the energy) is an irreversible acr - rhe measurement
or epistemic act can only rrke place rhrough or in the flow.
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' 
The semnd law as a law of disoder

The active natue of the second law presented a profound blow to the rDechanical
world view which BoltzrDutrn attempted to save by reducing it to the stochastic
collisions of mechanical particles - to a law of probability. Modeli4 the gas

molecules of a gas ir a box a5 colliding billiard balls, Maxwell had shown thal non-
equilibrium velocity distributioN Groups of mol€cules movilg at the sane speed
atrd ia lhe same directioD) would becorne inc{easingly disordered with each collfuion
leadiDg io a final state of macroscopic utrifonnity atrd maximum microscopic
disorder. Boltzrnarn recogniz€d this state as the state of rnaximum entropy (where
the macroscopic unifordty corresponds to the obliteration of all field Potentials).
Given this, he argued, the second law was sinply the result of the fact that in a
wortd of mechadcally cotliding particles disordered states are the most probable.
Therc are so matry more possible disordered states thal ordercd ones that a system
will almost always be found either in the state of maximum disorder - the rnacro-
state with the greatest lrunber of accessible mido-states such as a ges ia a box at
equilibrium - or moving towards it. A dynrnically ordercd state, one with
molecules moving "at the same speed and in the same dircctioD" said Boltzrnann
(1886/1974, p. 20), "is the most improbable case conceivable (..-) an infilitely
inprobable configumtion of ercrgy'.

Ahlrcugh Boltzmam himself acloowledg€d tlat his h)?othesis of ihe second law
had only been dernonstraled for the case of a gas h a box rcar equilibrium, the
science of hrs titrIe (and up until quite recendy) was do ifited by linear, near-
equilibrium or equilibdumlhitrkiry, aDd his hwothesis became widely acc€pted, and
the second law came to be seen as a law of disorder. But the wodd is not a linear,
near equilibrium systern like a gas in a box, but is instead Donlinear and far-ftom-
equilibrium, aJId lhe second law is not reducible to a stochastic collisiotr fi.mction.
As the next section outlircs, rather than beiDg inflErtely ifiprobable, a spoDtarcous
ordering car now be seen as the expected consequence of natural law.

me law of narimum enttup) production

A Domological basis for the world as active, and end-directed came with the
re.ognitioD of the second law, but it did not seem to be the right kind of end-
dircctedness for biology and psychology. Particularly with BollzmaDn's
interFetation, as Fisher, one of the fouadets of neo-Darwhism, noted, the
end'directedness of the second law appeared to run directly opposite to the active,
end-dir€ctednes$ of living thitrgs lhe fecundity principle and the iftentional
dFamics it entails has life producing as much order as it can. The problen was
partly put aside h the middle of this century when votr Bertalanffy (e.g. 1952, p.
145) showed that 'spontaneous oder (...) can appear in [openl systens" (systems
with energy flows running tbrcugh them) by virtue of their ability to btrild their
order by dissipating potentials in the environments. Along the same lines,
pointing to the balance equalion of the secoDd law, schrddioger (1945) popular-
ized the idea of living things as a streams of order which like flames are
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peimitted to exist away liom equilibrium because rhey feed on .negenrropy'
(potentials) in thei{ enviro netrts- These ideas werc further popularized by prigogine
(e.g. 1978).

Schritdinger's point was that as long as living things like flanes (atd all
autocatakiaetic systerns) produce elltropy (or minimize poteDtials) at a sufficient rate
to compensate for their o*! i emal ordering (thei ordered penistmce away from
equilibrium) then rhe balance equation of the second taw \r,ould not be violareat.
Order on the von Bertalanf0,-Schrttdinger-Prigogine view ran arise spontaneously,
and living things, on this view e thils permitted to exist, a-s it became popular to
say, as long as they "pay their entropy debt". This worked for the classical
statement of the second law per Clausius and Thonso\ but on Boltzrna$r's view
such "debt payers" were still hfinitely improbable. Living things, &d a foniori
evolution as a planetary process as a whole, werc stitl infinitely improbable states
struggling against the laws of physics - rhe urgency towards existence captured in
the fecundity pdnciple and the intentional dynanics it entails and in plarerzry
evolution as a whole were entirely anornalous on this view with respect to universal
law. Wlat is more, as seen fiom ihe discussion of rhe B6nad experiment, sinpte
physical systems also falsify Boltzmarur's hyporhesis. Oder is seen to arise, rot
infinitely improbably, but with a probabil8 of one, rhat is, whenever, and as sootr
as it gets the chance. The nomological basis for this oppo{unistic orderhg was still
a mysrery.

Retum to space-time relations, order production, and
the balance equation of lhe secotrd law

A retum to the balarce equation of the second law provides the firsr clue towards
solving the puzle. As discuised above and illustrated v,/ith Figure 4, ftnsformations
from disorder to order dramatically ircrcase the space-time dirnensions of a system.
mat von Bertalanfry and Scfuddinger ernphasized was that as long as an auto-
catakinetic system produces entropy fast enough to compensate for its development
and maintenance away ftom equilibdum (its own intemal e ropy reducrion or
increase in space-tirne dimensions) it is permitted to exist. Ordered flow, in orher
words, to come into being or exist must firnction to increase the late of eltroDv
producLion ol the syskm plus envirotrmenr - musl pu 

 

in sufficienr ..rort ., -d
dissipate them - to satisfy the balance equation of ihe second law. This makes an
important point implicitty that now will be stated explicltlyi Ordered flow n st be
morc eJtrcient at dissiryting potentials than ilisoderedlo), (Figure 4 shows exactly
how this works in a simple physical system), and this bdngs us to ihe final piece in
the puzzle.

The law of mrximum entropy productiot

The crucial final piece to the puzzle that provides the nomological basis for
dissolving the postulates of inconmeNurability betweel physics a]rd psychology
and physics and biology - between themodynamics ard evolution - is the
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answer to a question that classical thermodynamics never asked. The classical
statemed of the second law says that enuopy will be rnaximized, or poteotials
minimized, but it does not ask or answer the question of which out of avarlable paths
a system will take to accomplish this end. The aoswer to the question is that tft?
systemwill select the path or assenbly of paths out oJ otherwise awilable paths that
minimize the potential or nu&inize the entropy at the faslest rate given the
constldrrtJ. This is a statement of the law of naxinum entropt production rhe
physical selection principle that provides the nomological explaMtion, as vrill be
seen below, for why the world is in lhe order produclioD business (Swenson, 1988,
1991, 1992, 1997a, 1997d; swensotr & Turvey, 1991). Note ihat the law of
rraximum entropy production is in addition to the secoDd law, The secold law says
only that entropy is maximized while the law of rnaximum enfopy pmduction
recognizes that it is maxinized (potentials midmized) at the fastest rate given the
constmints. Lile the active natule of the second law, the law of rnaximum enfopy
production is intuitively easy to grasp and empirically demonst{ate.

Consider lhe case of the walm mountain cabia sitti4 in cold, snow-covered
woods. Th€ differerce itr tanperatue betweeD the cabin ard the woods constinrtes
a potential aIId the cabitr-woods system as a consequence will produce flows of
energy as heat ftom the cabin to ihe woods so as to miDimize the potential. Suppose
ihe house is tight and heat is flowing to the outside prirudly by condustion through
the walts. IrDagine now openhg a window or a door which amouds to removing a
constnint on the rate of dissipation. wlnt we know intuitively, aDd catr confirD by
experiment, is that whenever a consEaht is rcmoved ard a new paih or drain is
provided that increases the mte at which the potential is minimized the system will
seize the opportufty. h addition, since the opened whdow, for example, will not
instaitaneously dralD sll the potential sorDe will still be allocated to conductioD
through the walls. Each path will drain all that it can, the fastest (in this case the
open window) prccurilg the grextest amount with what is left goiDg to the slower
paths (ia this case conduction lirough the walls). The point is thal ao matter what
the specific conditions, or the lumber of paths or drains, the system will auto-
matically select the assembly of paths ftom arfloDg those otherwise available so as
to get the system to the final state, to minimize or &ain the poteniial, at the fastest
rate given the constraints. This is the essence of the law of maximum etrtropy
production. What does this have to do with spontaneous ordering, with the filling
of dinensions of space-time?

Given what has already been discussed above, the reader may have already leaped
to ihe conect cotrclusiotr. If the world selects those dynamics that minimize
potentials at the fastest rate givetr the consuaints, arld if ordered flow is more
efficient at reducing potentials thaD disodered flov,/, theD the world will select order
whenever it gets the chmce - the woru is in lhe order-production busihess because
ordered flow produces enlropy faster thM diso eredlop (Swenson, 1988, 1991,
1992, 1997a, 1997d; Swenson & Turvey, 1991), and this means the world can be
expected to produce as much order as it can, to expatrd space{ime dim€nsio$
whenever it gets the chanc€. Autocatakinetic systerns, ir effect, arc self-amplirying
sinl6 that by pulling potentials or rcsources into their owtr self-Foduction extend lhe
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space-time dimensions of rhe fields (system plus environnent from which they
emerge and thereby increase rhe dissipative rate.

INTENTIONAL DYNAMICS AN'D THE PHYSICAL BASIS FOR ABOUTNESS

The law of maximum entropy production and its relarior ro autocalakinesis Drovides
lbe nomological basis for rhe Lornmensurability berween physics. brolog) and
psychology. Ecological psychologists (e.g. cibson, 1979) have argued rhe necessity
of a mutuality postulare, nafiely, rhe recognition that living things ,id riei;
environments constitute single systeins, as a prerequisite to understandina the
epistenxc dimensioo ol living lbings. and lhe law of enLropy producrion shous-how
this postulate dirccrly follows from naural taw (Swenson & Turvey, 1991). The
active stiving of living things is no longer seen as a struggle aginsr the laws of
physics, but a mmifestation of them. The fecundity principle, along .with the
intentional dynamics it entails, is seen as a special case of rhe taw of maximum
ertropy producrion where rhe substrate (mate al cause in Aristotle's renns) is
replicative. The epistemic dimension rather than bejng incornmensurable and
improbable is instead rhe expected behavior of ihe world acring back or irselfin its
own becoming. This provides a principled ground for the minimal onrology, the
conditions of existence of the epistemic experience itself, and for evolution itself as
about something other than individual fitness, as an episremic process, in particular
the dynmical means for accessing new dimensions oi spaceline.

me ofl hogo@ktj condition

There is one properly rhar is implied in rhe descriprion of the minimal onrology,
but it needs to be explicirly stared. Namely, that rhe direcredness towards rhat
characterizes intentional behavior is experienced only by lhe fact thar ir is
directed differenrly rhal ihe one way flow through which it is distinguished. In
lhe mos! inmediate case, I know my self by invariance rhrough change, and
through this recognition comes lhe deep connection of the episremic exDerience !o
tbe cosmic proiecr ol building spacerrme dimen"'on, capLuria ty rhc 'orrhogona-
lity condition" referred ao in the inlroduction. Surnmarizing and expanding b;efly
as follows: all end directed systerns acr to minimize potentials, and intenrional
systems as end-directed sysrems are no exception, but nor all erd_direcred
systerns are intentional.

Ir particular, ihere is a principled disrinctiofi to be made. for examDle. berween
rivers rhal llow down hrlls. hea( lhar lto\ s down remperarure grrdienis ard tiring
things whose intentional dynamics entails moving up not down gradienrs, and
who unlike rivers and hear thal srop flowing, or tomadoes and dust devils (or
B6nard cells) that fatl apan or ,,die" when the local potentiats are removed.
become more acrive iosread. Inrenrional dloamics are nor derermined by locai
polenrials. Invead $e inrmliooaliry of li\ing dlings functions ro permir rhem to
consrirure rheir aurocalakinesis through rhe minimizarion or tro ieed ont non-tocat
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potentials - to move, 10 gtow, to act in such a way so as to, in effect, ,,skate

across" local potentials to access rcn-local potentials discontinuously located in
space-time - 1o move in directions diiferent from or orthogonal to ihose determiaed
by local potentials. This is the essence of the orthogonality cotrdition, alld it is easily
seen to have progressively iDcreased over evolutionary time providing an ordinal
measure not only for the episternic or psychological dimension but for evolurion as
a single planetary pmcess. This in tum, coupled wirh rhe nomological baris for the
o{hogonality condition ia the expansion of space-time dimensions undencores the
point that evolution itself is an active epistemic process, and one that follows from
natural law.

If we remember from the discussion above that the intrinsic space-rime dimensioDs
of a syslem are determined by the peEistence of its conpoftnt relations, we see at
once the dramatic indease in accessible space-time dimensions as a consequence of
the orthogonality condition, the ability of intentional systems to build their
autocataldnesis off of non-local potentials.

From enension to intension

If intentional dynamics are not determined by local potentials, lhen how are rhey
determined? Autocarakinesis has the property of insmsitivity to initial conditions
and macro-determinacy, but what is the basis for this insensitivity to initial
conditions so crucial to the performance of intentional acrs in a world that is
microscopically different at every moment? The B6nard conveclioD, which, in
effect, "solves the packing problem" by producing a rcgulat aray of hexagonal
cells during the course of its evolution or development can be unde$tood in
terrns of the system's Foximal relation ro, or embeddedness within, a field of
local potentials, but how is intentional behavior determiaed wirh respect to
nonlocal or distal potentials? We have noted thar such systens suely are
determined, and we have said in the introduction thai they are meaningfulty so,
or determined by information about, but how does one get from ar orherwise
meaningless world of extension or usual physical descriptions ro a meaningful
world of infomation about?

The pdnciples of thermodynanics provide some immediate clues, namely, that
one needs to look for rnacroscopic obseflables that capturc invariant properties
with relevarce to identional etrds. In addition one would need to look for
symmeuy and broken symmetry, for observables rhat capture the nomological
relation bet}reen persistence and change of the distal objecrs of intention wirh
respect to their proximal or local space-time position with respect to the epistemic
subject. The answer which follows from the two laws of themodynamics has
been most powerfully captured by Gibson's (1979/1986; Swenson & Turvey,
1991; Turvey & Shaw, in prest ecotogical concepr of info.mation. Livitrg ihings
are sunounded by anbient energy distributions (e.g. optical, mechanical,
chemical) for which the meal energy content is extremely low relative to the
energy used by liviry things from their on-board potentials to power their
intertional acts. As a consequence of the fact that lawful or invadant relarions
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exist between fie rnacroscopic properties of such anbient energy distributions rhar
are relevant to the prospective control of intentional ends, the former can speci& or
determine the latter.

Bacteria. for example, may move up a chemical gradient thar iawfully specifies
the source of their food. animals may use diffusion fields of diffusing volatiles that
lawfully specify the sources of their intentional ends, and fields of mechanical waves
and optical fields are used in similar ways. The ability to effect (or avoid) controlled
collisions, for example, is a particularly crucial and widespread requirement for the
intentional dynrmics of many living things (e.9. soft collisions }r'ith liule or no
momeftum exchange as in a bird landing on a branch, hard collisions with
substantial momentum exchange as when a p{edator attacks a prey, and collision
avoidarce where the ends of an intentional agent require lhar it not collide wirh
panicular things). Information about such collisions is lawfully carried in the
ambient energy field (the "optical flow field") that transforrns irself as a living thing
moves through it. Just as in the B6nard case where laws of form specify the origin
of order. and ils development, so too wjth inlentional dynamics.

[ o  [ t
Fisu.e 6. Informtion 2bout is lawtully caded in ambieni enersy disributions. lron Swenson, 1997a,
p  d l . .opyr iCh l9o-  IA I  ? re . ' . Inc  .  'epr in red  bJ  pemrsron

With respect io controlled collisions, ihe time-to-contact (7). as shown in Figure
6, is determined by the inverse of the relative rate of expansion of ihe opdcal flow
field. and the infonnation about wheiher a collisionwitl be hard or soft is given by
the time derivative or rale of change of the relative rate of expansion (i) (l-€e,
1980; Kim et a1., 1993). For an intentionai act requiring a sofi collision, for
exanDle, such as a bird landing on a branch ihe rate of change must be i > .5.
This singie rnacroscopic variable nomologically carried in the oplic flow precisely
determines when a particular bird. for example, must open iis wings to decelerare
so that it does not, in effect, crash inlo a bnnch. This is again, a deceivingly simple
idea with renarkable and profound consequences. It exposes the fac! rhal. nol only
are the shapes and forrns things assume rcmologically determined by laws of form
(e.g. that ftere is, within toleraice, a requisire rario between flight muscle weighr
and body weight, or between wing span and body weight, or brain weighr and body
weight (e.9. Alexander, 19?i)), but that information about or meaning carried in

[ ^ A  r l '
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maqoscopic flow variables nomologically detemines the behavior of things towards
their intentional ends (See Swenson, 1997a, 1997d; Swenson & Turvey, 1991 and
Turvey & Shaw, 1995 for further discussion).

CONCLUSION

The search for the nomological basis for the odgin of inte ion and intensiotr, the
search for the origin and nature of the epistemic o. psychological dimensiotr, is a
search for the nomological basis for end-dirccted ordering determined by
meaning. Following BoltzrnaDn's inte4retation of ihe se.otrd law of themo-
dynamics it is "no surpdse", in the words of Levins and lrwontin (1985, p. 19)
"thar evolutionists lcame to] believe orgadc evolution to be the negatio! of
physical evolution". Noting the opposite directions followed by physical atrd
biological (and by implication, psychological) systems, Ronald Fisher
(1930/1958, p. 39), one of the founders of neo-Darwinism, wrote that "entropy

changes lead to a progressive disorganization of the physical world (...) while
evolutionary changes [produce] progressively higher organization (...)" Konrad
LDrerfl (1913, p. 20), one of the founding fathen of evolutionary epistemology,
wrote that the aspect of life "most in need of explanatiotr, is that, iD appacnt
contmdiction to ihe laws of probability, it seems to develop from (...) the more
probable to less probable, from systems of lower order to systems of hiSher

The law of maximum entropy production, coupled with the geDeric properlies
of autocataldnesis, and the fact that iDfornation about distal potentials is lawfully
carried in the invariant properties of ambient mergy flows, solves the problem of
Fisher and I-orenz, and provides the ground for a tronological account of spon-
taneous epistemic ordedng or intentional dynamics. The law of maximum entropy
production says that potentials are midmized at the fastest rate given lhe
constraints, and, following the balarce equation of the second law, autocatakine-
tic or spontane-ously ordered systems work sponlaneously to increase the rate. As
a consequence, the wodd acts opporudsdcaly to produce as much order as it
can. The epistemic dimension, the urgency towards existerce chancterizing the
intentional dynamics of living things expressed by the fecundity p rciple ard the
process of terestrial evolution writ large is thus not oDly cornmensurable with
universal first principles, but a direct manifeslatiol of them. This view provides a
principled basis for uniting living things and their environmenas, knower and
known, or self and other as rcciprocal parc of atr active world acting back on
itself in its own becoming.

Department of PEchologt, Unirersitt of Connectic t
Connecticu.t, USA
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NOTES

' Tn€ tem draws the distinction between 5al-world' taw-based s€tf{rganizing system atul rule-based
systeN (e,g,, those lelarjng lo auronab deory, B@led ner and various olher comectionist models)
which depend on tules p.ognmnEd inro them by hu@n d€signes. Att rule-based systeN are uldhately
rrretul producboB of auroqtrkirfri( sysEms, bu $e E\eRe r nol me
' For tunier discussion of tne limiatios of efficieni cawe rnd re€xdinaiion or reinterDrearion of
Aristode's q$al ftanewort !e€ Swetuon, 1990, 1992, 1996 (on atl four caues), Swenson & Tuwey,
1991 (on 6n l caNc), ajrl also Rosen, 1987; Salge, 1985, 1994 (on au four causes) and van.te Viiv€r
(all lour cause5). rh6 votune,
3 The failuE io undersranrl lbis crucial poiri, hd ted panicularbts or hjs0oncisrs (e.e. could, 1989) io
aryue thal if one rewoudd the hp€ of life on Elrlh" tna!. a a @Bequene of chan@ fluctuations (''ercs 

) ofthe micnconponem, dle sysEn would eperredly btuch ofionto different trajectories wirh
rhe result $at evolution would be dF@ticrlly difercnr every tine - lhe.€ would be an NtrorcmicaUy
hiE} nmber of po$ible stltes tn€ systen mighr assum€, ed lnus the possibility of the reDetition of
sinila. trajsories such s tnose dat would lead to "intcltjgeDr life" such as hum$ would aho be
atrononically inprcbable. But if lhe world Nere actrialty nicrcderemincd ir tlis way tne world as we
kroq n would not meEly be inprcbable but impossible.
'See Depeq (lbis volune) for sone disccsion of develoDnen bd evolurion.
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