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Epistemic ordering and the development of
space-time: Intentionality as

a universal entailment

ROD SWENSON

Introtuction rnd brckground

The epistemic dim€nsion ofthe world distinguishes itselfby end-directed
b€havior dependent on meadng, and sinc€ the prosram ofbiosemiotics can
be taken as an effort to develop a naturalized evolutionary account of
signification or meaning (e.s., Hotrmey€r 1996a, 1996b, 1997, in prcss),
biosemiotics more genenlly construed can be taken as an effort to prcvide a
pnncipled or naturalized account ofthe epistemic dimension. The challenge
remains because modern science, its many accomplishments aside, built its
foundations on Cartesian metaphysical assumptions that incommensu-
rably separate the epistemic dimension from the rest of the world (e.g.,
psychology from physics, 'mind' from 'matter', knower from known, or self
from other, and later biology fron physics, or living things flom their
envircnments). Physics and psychology, to undencore the point, were
literally defined at their modern origins by their mutual exlcusivity
(Swenson and Turvey 199 I ). This bifurcated world view found its way into
biology through Kant, and became fully entrenched with Boltzrann's
hypotlesis ofthe second law ofthermodynamics (the 'entropy law') and the
dseofDarwinian evolutionary theory which came to be built upon it. The
world was s€€n as consisting of two incommensurable 'rivers', the river of
physics, comprised ofmeaninglesspa icles, flowingdown to disorder, and
the.iver ofbiology and psychology, cha€cterized by active, end-directed,
epistemic ordering, opportunistically 'flowing up' to inoeasingly higher
siates of order (Swenson 199?a). Th€ universal laws of physi€s seemed to
mandate a world ofincreasing disoder while the epistemic dimension oft}te
world, thatpartencompassedbypsychology and biology, was, on theother
hand, in th€ oder production business.

The single most pressing problem, in a word, is the problem of
'intentionality', what it is to the world, and what the basis for its epistemic
or s€mantic cont€nt is. Sayre (1986) has recognized thh as the most
fundame tal problem for cognitive science today, but it is the same
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problcm that sits al the core of every other discourse by whatever name
that deals with, or depends on, the epistemic dimension (e-g., psychology,
philosophy ofmind, action thcory, the social sciences in g€neral, theories
of culture, and a basic understanding of life itself). There are two main
components to rh€ discourse on intentionali!y. growing largely, in modern
times, out ofth€ work of Bfentano (1973 [] 8941), and these are the idea of
activ€ directedness towards. and thc idea that this directedness towards be
distinguished or determined by semantic content ('abouiness'). The
fundamental challenge of intcnlionality is thus to provid€ a principled
account of activc, end-directed behavior, or ordering of the world
distinguished or determincd by semantic content. Without such an
account, theories of meaning. knowledge, or of things that know, of
epist€mic or cognitivc processes in general, are themselves ungrounded
and in a deep, and cerlainly ironic sense, inherently meaningless or, at
b€st, ad hoc. Thc bottom qulte literally falls out from under the ground of
modern science on this issue since ev€ry human discourse (includi.e
physics, for example) is itselfan instantiation olthe epistemic dimcnsion,
and characterized therefore by intentionality. Modern science Rnds itself
plaguedwith the'Problem of Pamenides', the pre-Socralic who, it lnay be
recalled, had a fully coherent theory of the world which, however. co ld
neither account for, nor even accommodate his own cpistcmic existence
(Swenson 1997a) (see furthur discussion below).

It is still a widespread view that 'meaning ahvays involves human
intentionality [and] intentionality is primarjly a propcrty ofmental stat€J
(Johnson 1987: l8l), but while it is clear lhat meaning always involves
intentionality, the assertion that it always involves,4,nar? intentionaliry, or
ihat intentionality is a property exclusivc to human m€ntal states, is an
untenabl€ position carried over directly from Cartesian poslulates. Ifthe
world excluding hurnan 'rninds' is itself entirely meaningless, and
intentionalily is conlined to mental states, then there is no way human
mindscan have semantic relations with th€ world.Ind€ed, thismay be sccn
as the most general problem with Cartesian theories of perccption
('indirect perception'), whcrc perception is taken to b€ of or abou! mcntal
states, and 'mind', as a consequence, is left perceiving itsclf with no
principledway in or out (the'Cartesian circle'). The idca that perception is
basically an inferential process involving mental reprcsentations and lhe
idca that intentional cortent is supplied to the world by srch representa-
tions (or symbols) has been the basis for the computational view ofmind
that has dominat€d cognitive science in rcccnt years. As Putnan (1980), for
example, has shown, however, syntaclical or rule-based systems cannot,
for simple formal reasons alone, bc the source ofintentionality or seman-
ric conient, a fact even readily admitted by leading proponenls of thc
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computational or algorithmic view (e.g., Fodor's  9801 'methodological

soUpsism'). In recent years the computational view has come under
devastating attack both for formal r€asons ofthis kind as well as by now
obvious empirical on€s (e.9., Johnson 1987; Juarrero in press; Lakoff 1987;
MacKay 1986; Sayre 1986; Swenson 1997a; Thelen 1995; Turvey et al.
l98l; Turvey and Shaw 1995;van Gelder and Port 1995).

Bcyond this, the view thal intentionality is confined to human mental
states seeks to fly in the face of the seemingly undeniable empirical fact
that life itself and its evolution is an epistemic process on which the
int€ntionality of humans is parasitic (e.g., Callebaut and Pinxton 1987;
Campb€ll 1987;Hoffmeycr 1996a;Matsuno 1989; Munz I985; Radnittky
and Bartley 1987; Swcnson 1988, 1989b, 1997a; Sw€nson and Turvey
l99l). It is the epistemic relations between living things and their
€nvironments, or the'intentional dynamics' of living thiqs, to use Shaw's
felicitous t€rm (e.g., Shaw et al. 1992), defined here as 'end-directed

behavior prospectively controlled ordetermined by meaning or "informa-

tion about" '(Swenson 1997a:3), that effectively distinguishes the dynam-
ics ofthe living in the most general sense from nonliving. The emphasis
is on reiations belween living things and thcir environments because it is
through these relations that intentionaiity comes to be constiluted and
in the context of which semantic content is found. It is the 'organism-

environment interface', as Hoffmey€r (in press) has put it, that must'be
placcd atthecenter ofevolutionary th€ory' if the epistemic dimension is to
be understood, and it isjusi this int€rface,'the interface bctweeD physics,
psychology, and biology' (Swenson 1997a: l), ihat the Cartesian postu-
lales ofincommcnsurability (the first between psychology andphysics and
th€ second between biology and physics) pr€clude from being understood.
A principled account of intcntionality, a theory that can show what it is,
in effect, to the world, and provide the basis for semantic content or
meaning. mu.r be an dccounr thar crn dr\ \olve lhe\e postulales.r  l l  is the
main points of such an account that I wiil put forward in the remainder of
this article. Something is entailed by another thing if, given the latter,
th€ former is necessary as an accompaniment. Universal entailment is
distingujshed from simple (or logical) entailment by virtue of being
neccssary as a consequenc€ of univ€rsal or natural law,

The Cartesian worldvi€w, closed-drcle theory, and evolutionary
€pistemofogy: Cogiro ergo sum, a,id the'Cartesian circle'

While for Aristotlc the worldwas seen as inherently active and cnd-directed,
with lh€ srudy ofends. or the telos ofthings seen as the mosr fundamental
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kind of inquiry, with the rise of modcrn sciencc causal cxplanalion was
reduced to emcient cause (the local, sid€-side, or billiard ball-like interaction
of things), and end-directedn€ss compl€tely removed from the physical
world. Although it was Newtonian mechanics that ultimately gained the
greatest success, it was the dualist m€taphysics ofDescart€s that provided
the ground on which Newtonian physicsand th€ laterdiscipljn€s ofmodern
science carne to flourish.It was Descart€s who literally defined psychology
and physics at their modern origins by theirmutual exclusivity (call this the
'fi Ist postulate of incommensurability' iswenson i 997b1). The physical part
of the world, or'dead' purposeless'matter', was said to be exhaustively
defin€dbycxtcnsion in spacc and time. andconsist ofreversible, qualityless,
inert particles governed by emcient cause and rigid deterministic law from
which the striving immaterial'rnind' ('thinking I', Cartesian self, orpsycho-
logicalpart), s€enas boundless, orwithout spatial and temporal dimension,
was taken to be immune. Theepistemicdimension oftheworld, in effect, was
hreral ly dehned r ighr our ot rhe physical  ! tor ld.

Descartes justifi€d his radical separation of the physical and epistemic
parts ofthe world with his theory ofperception, his consequent relreat to
subjectivisn and his famous cogilo eryo sum ('I think, therefore I am').
Whatis indubitably 'given', hesajd, is theindependent thinking I', sell, or
'mjnd', in effect, perceiving itselt Since the hypothesized physical world
was defined exhaustively by extension (and thus inherently meaningless or
without intension), perception, by definition int€ntional (characterized by
'aboutness'), had to be of mental states ('indirect perception'). On these
grounds, the epistemic din€nsion ofthe world became, in €ffect, a closed
circle (a 'Cartesian circle') with no principled way in or out; no rational
basis for justifying belief in what was taken as an external, outside, or
objective worid (the'other'). The only real ground for belicving in an
ext€rral world, according to Descartcs, was thc faci that God, being
perfect, and thus incapable of deception, wou)d not have us believe in it
ifit did not exist. The insoluble problem ofdualist interactionism further
challenged the thcory since two parts defined by their mutual exclusivity
cannot ex hypothesi inreract without violating the dualism (€.9., 'mind'

cannot take on the properiy of'matler' without losing the properties that,
from this view, distinguish it as mind). Leibniz recognized the ernpirical
manifestation ofthis problem by anticipating the conservation ofenergy
(the first law of thermodynamic9 Gee Swcnson 1997a, in press a).

Clos€d-circle theory and the socid psychology of knowledge production

Poslcartesian thcorics of knowledge, inteniionality, and meaning tend
to be aligned with social psychological (more broadly, cultural), or
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€volutionary accounts, interestingly as competing paradigms (Munz
1985). The later Wittgenstein, and Kuhn are exemplars of the tust
('closed-circle theorjsts'), and Popper, Lorenz, and Campbell are
exemplars of the s€cond ('€volutionary epistcmologists') (Munz 1985;
Swenson 1997a and 199?b). Rather than hiding lrom incommensurability,
and the relatjvism or anti-realism it€ngenders, closcd-circle theorjsts have
worn it proudly, in some cases, as a badge ofenlightenment or cpistemo,
logical sophistication. Various forms ofconst ctivism, and also what is
sometimes referred to as'second,order cybern€tics', are all kinds of
closed-circle th€ory which can bc understood, in general, as a trans-
position of the Cartesian circle from the individual to the social psycho-
logical or cultural levei. The cornputational view of mind which has
dominated cognitive science in recent ycars (e.g., Fodor 1980), which
places meaning and int€ntionality in symbols or mental representations in
individual 'minds' qua computational devices is a mechanized version of
the Carlesian circle.ln this and th€ nextsubsection the corc assertions and
problems associaled with closed-circle theory and evolutionary episte,
mology are reviewed in abbrcviated form (more detailed discussion can be
found in Swenson 1997a, 1997c, in press a).

The id€a of cultural systems deconlextualized from their €nviron-
ments actjng rri ger?rir as closed'circles wilh the parts all functioning
to maintain the whol€ is strongly expresscd in the work of Malinowski
(it is found in the earty work of Spencer and others, but not in the
dccontextualized sens€, €.9., see Swenson 1990). The full-blown trans-
position of the Cartesian circle to the cultural level is found in the work
of the later Wittgcnslein (Munz 1985; Swenson 1997a, in press a).
Whereas meaning and intentionality for Descartes come into the world
as properties of mental states inlernal to the closed-circular relations of
the human mind, for Wittgenstein lhey come into the world 'nternal
to the closed intersubjective circular relations of human culrural
systems in 'languag€ games' consisting of scts of rules that make up
closed-circles oI meanings. There are no individual meanirgs, for
Wirtgenstein, because there are no personal languag€s, and just as there
is no principied way in or out of the Cart€sian circle there can be no
ostensive pointing or reference to anything outside the languag€ game
to an objective world or external context because all meaning is a
property of the rules intemal to the game. In addition, because mcaning
is thus entirely relativ€ to the rulcs of each system, truth can only
be measured with respect to the rules, or authoriry, of a particular
community. There is no meaning invariance, or lruth', across systems,
and such circles are thus incommensurabie or incomparable wiih
respecl to each other.
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Close-circle langnage games ar€ rccycl€d in Kuhn's influential
philosophy of science where they are repackaged as 'paradigms' (Munz
1985). The formal relations, or 'systems logic', are isomorphiq thus
because paradigms, like Witigenstein's language games, are closed circles
of meaning without meaning invariance between them, they are also
incommensurable w'th respect to €ach other. Due to the incommensur-
ability ofparadigms, no paradigm can be 'truer' than another and thcre is
thus no basis to compare them or ground to establish a direclion in ljmc,
and the succession ofparadigms in this view is lhcrcfore timc-symmetric,
and progress, ora direction 1o thedevelopment ofscience or in the general
production of knowledgc, h th s denied (e-g., Einstein's iheory could
have preceded Newton's; the theory of oxygen could have preced€d the
theory of phlogrston; the theory of heat and the conservation of energy
could have preceded that of the caloric). The radical relativism ofclosed-
circle theory carries forward the anti-realism ofpositivism, but challenges
ils rationality as well. Closed-circle theory has been s€€n by its proponents
as a kind of enlightened altemative to modernism, but it is itself
modernism carri€d to a c€rtain post-Humean, post-Kantian extreme
conclusion. The Cartesian core is still there only now transposed from the
individual to cultural level, and all the original problems ofintentionality,
meaning, and reference still remain only, now resressed, are doubled and
further compounded.

The problems that undcrmine closcd circlc theory are thus both formal
and empirical. The derial of a dircction 10 the succession of paradigms
or language games sets the evolutionary dynamics of the cpistemic
dimension in evolution writ large, and in the de facto time-asymmetric
development of scientific theories in direct conflict with closed-circle
theory- In addition, by confining meaning to human rule-based systems,
clos€d-circle theory exciudes the episremic dynamics of life in seneral of
which human culture is a dependenl development. From a lormaL
standpoint, the asserrion of incommensurability, of absolute relativity
of m€aning, is incoherent since the asserlion of the theory of clos€d-
circies assumes a ground or basis for comparison to make the claim of
incommensurability, and such a ground js denied by the assertion of
incommensurability. This is exactly the'Problem of Parmenides' who. as
soon as he opened his mo th (or thought a though!) in the positing ofhis
thcory, violaled its prcmises- Fxrther, rcgrcssing or transposing thc
Cartesian circle to the cultural level retains all the old problcms of
intentionaiity and reference and adds the new problem of intersubjectiv-
ity- The assertion of intersubjectivity requires a contextualization or sclf-
other relation for th€ individuals engaging in the epistemic act of
intersubjectivity and this again assumes a ground or s€t of entailmenis
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which breaks the incommensurability of ihe Cartesian circle andwjth it the
anti-realist premiscs of closed-circle theory. Finally, as has now been
argu€d and shown from numerous persp€ctives, it is impossible, formally
to get semantics or intentional,ty out of pure synlax which is just what
closad-circle rule-based systems ar€ (e.g., Fodor 1980: Hoffmeyer 199?;
Lakotr 1987; Putnam 1980, l98l; see gencral discussion on rate-
independen! constraints in replicative ordering in Swenson l99lb, 1997c
and Swenson and Turvey l99l; cf. Hoffmeycr's 1996a, 'code-duality'). In
simple terms, no decontextualized or disembodied rul€s, symbols,
algorithms, propositiots, words, or even thoughts have ever been fbund,
or ever will be since, as such, thcy would be €ntir€ly meanirgless.

Eyolutionary epistenology, hypoth€tical realism, xnd
the 'situ.tioncl logic' of n|tural s€l€ction

Evolutionary epist€mologists who iDclude Lorenz, Popper, ard Campbell
among others (€.g., see Cauebaut and Pinxten i987; Munz 1985;
Radnitzky and Bartley 1987) have a vjew almost diametrically opposcd
to closed-circle theorisls. Rather than b€ing anti-realists they arc avowed
realists ('hypothetical rcalisfs'), and rath€r than being anti evolutjonists
they base their cntire theory on €voiution, or, rnore particularly
Darwinian evolutionary theory. Living things, as products of natural
seleclion, !o put it crudely, know true things about a rcal world or they
would be dead- Living things and their behaviors, in effect, are hypotheses
aboul the world and ihose that are 'truer' or have greater 'verisimilitude',

are those with greater 'fitness' in Darwinian terms. Bad or 'fals€'

hypotheses lead to death or extinction ('falsification'), and thus existencc
or persisienc€ in some sense is prool in etrect, of knowing somcthing
'true'about a'real'world, and evolutionwrit large is seen as acontinuoN
€pislemic process of increasing knowledge, in Popperl words, 'from

amoeba to man'. Scientific knowledge is seen as continuous wjth
evolution in general, a proc€ss of selection of thcories with greater
lruth content, universality, or verisimilitude by a proccss oftrial and error
or hypothesis proposal and falsification.

Evohtionary epistemology has a numbcr of points that commend it,
including firsr that, conlrary to the limc-synrmetry or anti-evolutionism oI
clos€d-circle iheory, it docs not attempt to ily in the fac€ ofthe empirical
record. As a realist theory j! avoids the r"A.lrrr of clos€d-circle theory
where truth (not simply what is thought about truth) is determined by
the authority of a research community, or cultural system (c.g.. if the
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authority ofa cultural system holds rhat th€ holocaust did not occur, then
it did noi occur, or tlai pigs fly, then they fly). The realism of rhe
evolutionary epistemologist is 'hyporhetical'; however, in the sense thatall'truths', are subject to falsification. The lustification' for hypoiherical
realism, as with most n€w r€alisms is de facto or heurisric rath€r than
d€Jrl€, to use Hintikka's (1975) distinction. Ir isjustified on a posteriori
pragmatic grounds rather rhan following from a priori necessily. This is
certainly not a fatal flaw since (following the assumption of largely
Cartesian principles) it is wideiy held rhar a priori justificalion is
impossible, and by the most reasonable demarcarion crit€ria (e.s..
Lakaro, lq70r see S$en\on t997c ror revrctr  |  evotur ionarl  episremotoiy
easily 'wins' against the anti-realism ofclosed-circle theory. Ofcourse tbe
closed-circle theorist counters that apptying such demarcation crireria
assumes a common ground that its asserrion of incommensurabilirv
oenre\.  bul  a" in rhe more general  case above. such a counrer goe. down
in flames with the recognilion that ir depends itselfon th€ same grourd or
entailments that its assertion denies.

The problem with evolutionary epistcmology is noi that it has no a
priori justification for its realism, but rhat as a resulr ofits sroundins in
Ddru inia n I  hcor) r 'neo-DaIwrnrsm ) i r  musr tar l  as dn a po.;er ior i  rh;r)
on lhe question of intentionality and m€aning. There are many varieties
of Darwinism, but the core idea that unites them is rhe idea that
evoiution follows from natural sel€ction (Depew and Weber 1995), and
that natural selection js ertailed by a siruational logic (popper 1985),
namely, ,/certain conditions hold, then natural seiection will necessarily
follow. The problem is that one of the conditions is th€ intenrional
dynamics ofliving things (the oth€rs are heritable variability, and limired
resourc€s or the finiten€ss ofspace-tim€). Natural selection, said Darwin,
follows from a population of rcplicating or reproducing entities with
heritable variation 'striving ro seize on every unoccupied or less well
occupied space in the economy ofnarure' (1937118591: 152). This latter
('the fecundity principle'), the idea in Schweber's 0985: 38) words. that
nature acts in a way that 'maximizes th€ amount of life per unit ar€a'
ref€rs precisely to the intentional dynarnics of living rhings. Bur rhis
makes intentional dynamics a primitive on which natural selecrion, and
hcnce Darwinian theory depcnds as a consequence. Natural selecrion
therefor€ does not explain intentioMl dynamics, bur rather it is used
instcad !o explain natural selecrion, and this puls it ejr lrpd,?ri beyond
the explanatory framework ofDarwinian theory. Darwinian rh€ory begs
a theory of intentionality; it does not, and cannot, by its own definition
provide one (see Swenson 1997a, 1997b, l997ci Swenson and Turvev
l 9 9 l ) .
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Sprce, time, space-time, and €pist€mologiss 'outside tol€ranc€'

During th€ formative yean of the Cartesian worldvi€w, space, foilowing
Newton, was considered separate from time and the particles tlat moved
reversibly around in it as though it werc some kind of a container.
'Reversibly' becaus€ time was little more than the notation (e.g., a plus or
a minus sign) on the dynamical equations ofmotion and capable, as far as
the goveming laws wer€ concern€d, of 'flowing' either forward or back
without prejudice. Irreversibility, or the one-way direct€dness of time we
find in experience, did not find its way into the laws of physics until the
second law of themodynamics (see below) was rccognized in the
nineteenth century. Following the physics ofEinstein, whereby th€ law of
energy conservation (the first law of thermodynamics, s€e b€low) was
extended to th€ r€cognition ofmatter as a form ofenergy, space, and time
came to b€ in€xtricably linked in the notion of a space-time continuum.
The idea ofa continuum in this cas€ exprcssing the conse ation principle
of the fust law which captur€s the unity of all natural processes.

An important point that immediately follows is that space-time is not
appropriately consider€d as a container in which things are put but
inst€ad as literally constituted or instantiated by things qua proc€sses (or
transfo.mations of ene€y) themselves no space{im€, in this view,
except as the instantiation of things or processes, and no things or
processes (that ar€ knowable, causally efrcacious or within the 'ev€nt

horizon') €xcept as the instantiation of space-time. Figures 1 3, drawings

Filtfe L The experinehlal ptup lot the Bena.d cell expetinent Nhetebt, a cn.Llal
containq offisco8 liqui.l ( silicd oil ) is ?laed ah top ofa hedb.! block oJ copps both ofvhich
dle thq ptaced in an adiabatic bor (a bax ctokd to att lows olenetc! ir at out ) - The diference
in t4?aolte bebeeea the heated coppq black belov, Qt, anrl the coohr an abore, 8,
coneitute! a potmtidt wilh a fot.e (the ctudie.t olapokntiat), xj,vhih prartuc* aflow of
heat thraush the f"id fron the eurce to the sihk (dtoe)



FiEorc2. Whathe gadie of he pote\lidl ( the for.e ) in the Banakt experinental is belaw
a irnat hreshoLt ( kJt) the faw af heat I protluud b, the 4ndoh .olision of the nohcuks
(ca.4ttiaa ). and the srsren is in the dbotdeted o Botznann rcsine , antl he sudd.e oJ the
qstn b tmooth, htuogeneaus, and stMetrical- tl/hen the fat.e ir abow the criti.al thrcshold
(nsht ), howewr, th. trhtuttr of the slsted is broken ud autocatakiietic o let spohtaneoutlr
anses 6 r@dan nicroyopic fuctuatio6 are mplife.l to datuscopic lewls @d Blnad cells
lll the containet 6 hu.lre.k oJ mi io$ of hotecdes b.qin fiotils tocetha. The chanEe to the
odered autocatakire& resine dtMaticaly inteNes the rate at vhich the floi oJhedt no|es
fim sauce to skk (Jat horc detailed dncBsion see, e.s., sNenson 1989a, b, c, 1992. 1997a ) .
(F.M Sw$an ! l989cl. Coprright 1989 P*ganon Prcrs. Uy.l b, pqnissian.)
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, ' - . i . ' ,  - t .- --. t '
Fi$re 3. I'he outocdtakinetic fo, constiaai,s a Berc l ull tu shovn b, the shUl arows.
T\ + T2 is the heat grudiut belwee" the eu,ce ud si* thot notiyates the fov. As heat tises
thraqh the cuter it crcotes a st4ace @no" ga.lieat 7a + 7'a vhih acts ta fu het Mplilt
the upwa Uow bt pulins the hatet fuid to the .ooht tutomds nhqe it lalls ta the bolM to
be heated agaih. ( Ftotu Swensan u97al- Copytisht 197? JAI Pres. Ued b! pqhission.)
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and phoiographs of the 'B6nard cell' experiment, an exemplar of the
spontaneous transformatjon ofdisorder to ordcr, or of sclf-organizing or
autocatakinetic systcms (sec below), puls the discussion of space'time
dimensions in concrete tcnns, Figure I shows the expcrjmental sct-up.
Figure 2 shows thc spontaneous transformation of disorder to ordcr,
and Figure 3 shows a schematic of a B6nard cell and the circular
autocatakinetic relations that constituted it through the flow from source
to sink.

The relation between order production, symmetry breaking, and the
instantiation or development of space-time is readily seen. The spon-
taneous production of order constitutes a dramatic increase in the
system's spacelime dimensions. In the disordered regim€ in lhe B6nard
experiment the intrinsic space-time dimensions, the dim€nsions giver or
instantiated by the system itsclf, are dcfined by mean free paths distanc€s
and relaxation times (the average distances and times between random or
disordered col l . ions, whrch are on rhe o'der of l0 3 cenrrmeren and
l0 15 seconds. In the ordered regime, in contrasr, the intrinsic space-time
dimensions are on the order ofseconds and centimeters. It takes the fluid
some seconds to make the autocatakinetic cycle that constitutes each c€ll
and the distance is measured in centimeters. Significantly, these new
space-lime dimensions do notexisr in the disordered regim€. They literally
come into being with the produclion of order.

Anoth€r importanl point becomcs clcar wilh lhis understanding,
namely, that from the hypothesized big bang until now, or in the four and
a half bjuion ycars (4.5 GY) of evolution on Earth, wha! we arc
describing, in general terms, is the development of space-time- If we
furtlrer understand the idea that no space-tim€ except that iDstantiated,
and no ihings orproc€sses exceptas instantiated through or as space-time,
then we understand that intentional dynamics itself constitutes a
dev€lopment or ifftantiation of spac€-time, and the deeper problem of
int€ntionality is to understand exactly what this is and how it comes
about. The very idea of the continuum as defined, it should be noted,
automalically excludes incommensufable, or 'Cartesian' views. Such
views put ontology and epistemology outside each others 'event horizons'
or in each othcrs 'null cones' fofbidden by deliniiion from existing with
rcspect to each other (a restatement of the generic pfoblem of
interactionism).

The idea ofan event horizon is illustrat€d in Figure 4. Figure 4a shows
a two-dimensional representation of Newtonian space and tim€ where
instantaneous events faster than th€ speed of light are pennitted, and 4b
shows a two-dim€nsional r€presentation of Minkowski space-tim€ wher€,
as is now taken to be the case, only events at or slower than th€ speed of
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light are p€rmitted. The recognition of the speed of light as a speed limir on
real-world dynamics sets up an ev€nt horizon or'tolerance space', an idea
particularly developed by Shaw (e.9., Barab er al., in press; Shaw and
Kinsella-Shaw 1988) in the study of intentional dynamics, that reduces
otherwise possible worlds to actual possibles. The more laws or invariant
properties that are understood or the de€per the understanding the more
otherwise possible worlds arc collapsed onto actual states of aflairs.

The core assumptions, or ontologies, of scientific theories can thus be
understood as defining tolerance spaces that att€mpt to account for
the forms that can ard o. do instantiate spacetime in its development.
The generic 'Problem of Parmenides' in these tems is the assertion of a
tolerance space that does not account for or even accommodate th€
epistemic dimension. On pure 'rationalisr' or logical grounds, parmenides

z's

F-
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asseried a world of perf€ct symmetry, and hence a world where there was
no space and time at all, but this put even the epistemic act implicated iD
his own poslulating 'outside tolerance' with respect to his theory. He
violated Parmenjdcan symmetry, and thus refuted himself every time he
opened his mouth to speak, or even had a thought, and so it is, in effect,
with lhe closed-circle theorists, and all other Cartesian based theories in
general.

'Return to cogita', and intentionality (qua 'epistemic act') and
its entailments as the minimal ontology (the 'a priori' ground)

Recrearing the'Problem of Parmenides', Cartesian incommensurability
puts the epistemic act, in what€v€r form, 'outside tolerance'. Ontologies
aside, however, no on€, from Parmenides to the present, has ever been
able togetrid of the €pistemic act ir fact. Th€ reversibleworld ofquantum
mechanics, forexample, certainly productive in its own domain, needs the
irreyersible act of measurement, which sits completely unexplained
outside its formalism, to 'collapse the wave function' Gee Marsuno ! 9891
on gcneralized mcasurement). What remains, in every case, indubitably
'given', and in this sense Descartes's cogito argument was entirely correct,
is the intentionality, or active 'directedness towards', of the self as agent
caught in the epistemic act. But here is where we radically diverye from
Descartes who postulated the €pist€mic act as a Cartesian circle, or pure,
uncont€xtualiz€d subj€ct (an ind€pendent self,'thinking l', or'mind') and
fron which th€ whole 'epistemic problem' adses.

Contrary to Descartes it is just this uncont€xtualized subject that we
cenarnb do not or cannot kno$ (Ssenson in pre..  a).  The I  or 'me rhar
is the subjcct ot the epistemic act is bounded, discontinuous, or con-
textualized by implication, and as discontinuum only distinguishcs ilself
or is even intelligible in relation to continuum, so too the self is only
distinguished, or known, in rclation to that which it is not (thc nolseifor
other). Self-awareness, in other words, adses. establishes jts identity, or is
constitut€d only through a self-other, or subjective-objective relation, and
th€ indubitabl€ knowing ofself'g'v€n' in the epistemic act thus entails the
knowing of the other (although not completely). ln addition, there are
Iurther entailments.

In particular, the persistent or invariant (and hence nomological) self-
other relations by which thc selfjs known or determined the epistemic
act, in whatev€r form - only takes place through a on€-way flow. The
entailmcnts here are two. The first is time-asymmetry, the 'one-wayness'

of the flow, and the second is the conscrvation (time symmetry) of that
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which flows (there must be something which flows). paraphrasing Leibniz
to summarize, tlrcre must be something which changes and something
which remains the same. Since these entailments arc over the
distinglishing self-otler rclations they refer not to either one o{ the
other but both, a 'world' in eff€ct, more encompassing than either one, a
spac€-time continuum, precisely as discussed abov€, through which the
relation is distinguished. It is precis€ly the a priori fact of these
entailments that leads the closed-circle theoist to falsify him- or herself
as soon as he or she opens his or her mouth, or engages in any oth€r form
of the epist€mic act (e.g., in denial).

Figue 5 shows a schematic of the conjuncrion capturing the .minimal
ontology', or 'world', discussed thus far as entailed by th€ epistemic act.
It undemines the Ca esian ass€rtion ofa decontextualiz€d (or.soliDsis-
Ljc )selfcollapsing olherwise possible worlds inLo a vastly reduced subset
of r€al-world possibles where the onus is now on .justifying' a possible
world with a decontextualized self instead of the usual oth€r way around.
It sets toleranc€s on the minimal intentional (or cognitive, or epistemic)
system. The fundamental 'dir€ct€dness towards'. or sine qua non of
intent ional ' ry.  the inlentronal contenr of the episremic icL. is rhe
directedness towards rhe producl ion of the sel f-othir  relar ion. b1 whrch
the spacetime extension, or objectification (lirerally, the .existenc€') of
the selfis constituted. Everything else with apparent intentional contenr,
to the extent that it occurc (e.g., thoughts, repr€sentations, symbols,
rules), in order that it has intentional content, ultimately serv€s, is
contextualized by, parasitic upon, or diff€rcntiates out of these relations
(see also Matsuno 1998).
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Reconciling the two otherrise incommensurabl€ 'dvers':

Intentional dynamics as a universal entailment in the development
of spsce-time (the a posteriori theo.y)

The previous s€ction ass€rted that there are entailmenrs whlch make a
decontcxtualized view ofintentionality or the epistemic acr (or cognition,
perception-action, and so on) unrenable. It provides supporr for the
increasing number of voices raised against intentionality bas€d on
d€contextualized entities wh€ther autonomous'minds'. mentat reDresen-
talions, words, algorithms, propositions, or even'intentions' as somehow
autonomous entities themsclves, and that argue variously instead for a
conlextualized, dynamic. or embodied theory of the episrcmic dimension
(e.9., Johnson 1987; Lakoff 1987; Talmy 1988; Thelen 1995; van celd€r
and PoIt 1995). This does not dissolve the problem of 'universal

contextualization', however. The lundamenlal 'problem of the lwo
incommensurable dvers', and its various componenrs, as nored above,
r€mains. End-directed ordedng dependcnt on meaning, or, in the
Ianguage of the last scction, irtentional content directed toward space-
time ext€nsion, is the lignature' of the 'river' that flows uphill (of rhe
epistemic dimension, or of biology, psychology, and cutture), whil€ rhc
river of physics, according to the received vi€w following Boltzmann's
hypothesis oI the 'entropy law', rurs down to disorder (e.g., Fisher 1958
tl930l). A robust theory of bioscmiotics, a naturalized or principled
theory of intentionaiity, or truly dynamical, or 'embodicd' theories of
cognilion must eliminate this problem.

As a result of this problem, howevcr, evolutionists. as Lcvins and
Lewontin (1985: 19) have nored, thus came to 'beli€ve organic cvolution
to be a negation of physical €volution', and the idea is still very much alive
as exemplified by Denncx's (1995: 69) definnion of living things as things
that'defy the entropy law, and his consequent argument that the sorrce
of all agency and meanjng in the world is found in algorithms (sec
Swenson 1997c). As long as the two 'rivers' of physics and biology arc
held to be incommensurable the problem ofthe epistemic dimension mllsr
remain intractable because it is just at the inrerface bcrween them, as
notcd above, that €pist€mic rclations are distinguished (Hotrmeyer 1998;
Swenson 1997a). Dynamics certainly has a very ftuitful role ro play (van
Gelder and Port 1995), but dynamics per se cannot solve lhe problem
since there is no inherent directedness or time-asymmerry in dynamical
laws. One-way flow, on the other hand. is an entailmenr ofrhe cpistemic
act (meanine, jf lhe pr€c€ding section is understood, that ir is a required
condition of a possible world in which an epistemic act can rake place),
and lhi ,  ledds u. dirccl l )  ro lhermodynamic..



582 R. Swenson

Synmetry, broken-symm€fiy, measurement, and the first
and second laws oI th€rmodynamics

Th€ laws of thermodynamics are spccial laws that sit above th€ ordinary
laws of lrature, in effect, as Iaws about laws or laws upon which the other
laws depend (Swenson and Turvey l99l). It can be succ€sslully shown
that without the first and second laws, which express symmetry properties
ofthe world, there could be no oth€r laws at all. The first law or the law ol-
energy conservation which says that all real-world processes involve
transformations ofenergy, and that the total amount of energy is always
conserved, expresses tim€{ranslation symmetry. Namely, if you go
foNard or backward iD time the total amount of energy remains the
same. For example, the box in FigDre I is sealed againsr all en€rgy flows in
or out, and although varjous dynamical processes take place within the
box during the cxperiment the total amouDt of€nergy remains the same.
As far as the first law is concerned, nothing has changed, and the world
from the view ofthe first law is completely time-symmetric. The lirst law
was first formulat€d in last certury by Mayer, then Joule, and later
Helrnholz with the demonstration of the equivalcnce of heat and other
forms of energy, and completed jn this century with Einstein's dem-
onstration, as noted above, lhat matter is also a form ofenergy. Figure 6
shows a famous experiment devised by Joule to demonslrat€ the first law.

The second law was formulated in the last century by Clausius and
Thomson following the earlier work of Carnot who had observed that,

Fi'nre6. The d?etihehr derised br Jaule to denatstate the convrration.J ?hztg!. Whzh a
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like the fall or flow of a stream that tums a mill wheel. it was the'fall'or
flow of heat from higher to lower temperatures that motivatcd a steam
engine. Whar was r€cognized here was that whenever an energy
distribution is out of €quilibrium a potential or themodynamic 'force'

(the sradient ofa potential) exists thatwill spontaneously produe change
or dynamics until jt is dissipated or minimized. Clausius coined the term
'entropy'to refer to the djssipated potential and the second law, ir its
most general form, staies that the world acts spontaneously to minimize
pot€ntials (or equival€ntly maximize entropy), and with this, active end'
directedness or time-asymmetry was, for the first time, given a universal
physical basis. The balance €quation of th€ second law, expressed as
AS>0, says that in all natural processes the entropy of the world always

The activ€ nature of the second law is jntuitively easy to grasp and
empirically dcmonstrat€. If a cup of hot tea, for example, is placed in a
colder room a potential exists and a flow of heat is spontaneously
produced from the cup to the room until it is rninimized at whichpoint the
tempeiatures are the same and all flows stop. Figure 7 shows various other
potentials and ihe flows theywould produc€. Note that Joule's experiment
(Figure 6) while designed to show th€ first law, unintentionally d€m-
onstrates the second, too. As soon as lh€ constraint is removed th€
potential produces a flow frorn the falling weight through the moving
paddle through the thermometer. This is precisely the one-way action of
the second law and the experiment depends upon it enlirely. The
measur€ment of energy only takes place through ihe lawful ffow or time-
asymmetry of tlrc s€cond law, and the same is true ofevery measurcmcnt
process. Every m€asur€ment process also demonstrates the first law as
well since the nomological relations that hold requirc something ihat
remains invariant over those relatioN (or els€ one could not get invariant
or nomological results). The first and second laws are automatically giver
in every mcasurement process for the simple fact, in accordance with the
discussion above, that they are entailed in every epistemic act.
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Boltzmrnn's yi€w of the second law (th€ .entropy law,) as
a lall of disorder

The active mac.oscopic nature of the second law posed a direcr challenge
lo the'dead' mechanical world vicw which Boltzmann tried to meet by
rcducing it to a law ofprobability following from rhe random cotlisions of
mcchanicai particles (efficienr cause). Using gas molecules modeled as
billiard balls to make $e point, Boltzmann argued rhat the second law
was simply a consequcnc€ of the facr rhat since wirh each collision
nonequilibrium distributions would become increasingly disord€red
Ieading to a final state of macroscopic uniformity and microscopic
djsorder. Because there werc so many more possible disordered srates
than ordered ones, he concluded, a sysrem will almost always be found
either in the state of maximum disord€r or moving towards ir.

As a consequence, a dynamically ordered srate, one wirh molccules
moving'at the same speed and in the same direcrion', Bolrzmann (1974
[]8861: 20) asserted. is thus'the most improbable case conceivable... an
infinitely improbable configurarion ofenergy'. Because this ideaworks for
certain ncar-equilibrium systems such as gases in boxes, and science until
recently was dominated by n€ar-equilibrium thinking, rhc idea of rhe
second law as a law oldisorder became widely ac.€pted. But ir is readily
falsified. Ordcr in simple physical experiments, such as thc B6nard
cxperiment (Figs. I 3), is seen to arise nor infinitcly jmprobably, but with
a probability of one, that is, every time and as soon as it gets thc chance
(Swenson and Turvey l99l), and rhis suggcsts a universaliry or
nomological basis for active ordering.

Autocatakinetics and identity through flo$

Machines or artifacts are de6ned by static ordcr, the same componenrs,
ext€rnal repairs excluded, in the same posirions with respecr ro cach other.
Living things, from bacteria to cultural systcms, in conrrast, are
spontaneoudy ordered or self-organizing systerns defined by dynamic
order. Because the terms 'spontancous order' and 'self-organizing' are
uscd in the literaturc in many non-cquivalent and unrelated ways. rhc
more technical term 'autocarakineric' is used here to make the meaninq
he'c ( lear.  Sel l -organ'4ng or sponraneousl)  ordcre. l  s1*em, ai
autocatakinetic systems are sysrems whose id€nriries arc constiruted
with a set of circularly causal relarions tbrough the continuous flux of
their components in the breakdown or dissipatioD of environmental or
field potentials (Sw€nson l99la, Swenson and Turv€y I991)_ pcrsistence
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(the lorm ofthe thing) at the'macro'level is constituted by change at the
'micro' lev€l through the flux pulled in across thc system's boundaries and
€xpell€d in a more degraded fonn (e.g., see Fig. l).

Figure 8 shows a schematic drawing ofan autocatakinctic system. Since
B6nard cells as well as dust devils, hurricanes, and tornadoes, for cxample,
are autocatakinetic systems the ciass of such systems goes well beyond
the living, a fact which sugg€sts a universality to spontaneous dynamic
orclerng.

Ofsignificant lheoretical interest with resp€ct to this article is that auto-
catakinetics of the living is distinguished from the nonliving by its
inlentjonal con!ent. Non-living things, in €trect, ar€ tlaves' of their local
potentials (e.g., removc the heat source from the B6nard c€ll and it'dies'),
but thc autocatakinesis of the living is characterized by 'intentional

dynamics', tha! is. dynamics maintained with respect to non-local poten-
tials through meaningful relations or'informatior about'. As noted above,
the production oforder from disorder instantiates rew spac€-time dimen-
sions, and plan€taryevoiution can bc sccn as the development ofspac€-time
through the progressive production of higher states of order. The point here
is that it is precisely through the intentional dynamics of the living that
relaiions are constituted across nonlocal potentials and these otherwise
inacc€ssible dimensions of space-time arc accesscd, and it is in the
directedness, orurgency towards theproduction ofsuch relations, as noted
above, that the sine qua no, of int€ntionality is found.
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But h€re now is the problem ofthe two rivers. The srriving, in effect, to
rnstanhale spacelime levels through dynamic ordering expressed in the
intentionality of living rhings appears, from the Boltzmann view. ro so
direcl l )  again, l  ph\ srcal  ldw. In lhe middte ot rhrs ccnrury. von Bef la tand)
(1952) showed that tpontaneous order... can appear'in sysrems wjth
cnergy flowing through them, and Schroeding€r (1945), comparing livi.g
things to flames, pointed out rhat such sysrems (all autocatakinetii
systemt do notviolate rhesecond lawas long as they produc€ entropy (or
minimize potentials) at sumcienr rates to compensate for their orderins
(rheir  increase in,pace-r ime drmen-on. or inrernalenrropy rcducriont and
thereby satisfy thc balance equation ofthe s€cond taw. The ideawas furrher
popularized by Prigogine (1978) under rhe name of.dissiparive structures'.
But whereas such systems were seen as .permitted' ro exjsr, given the
classical view ofthe sccond law, according to the Boltzmannvicw they were
still 'infinitely improbable'. The question of why oraler is seen to arise
whcnever it gets rhe chance - in sirnple physical systems. in rhe
evolutionary record wrir large (e.g., see Swenson and Turvey 1991:
Swenson 1997b, c), in rhe 'fecundity principle' on which Darwinjan rheorv
deoendi.  and n lhe d.retredness lo$ards lhat uhich characrerrzcs rhe
int€ntional content of th€ epistemic acr itself remained.

The la$ of maximum entropy production or $hy tbe world is in
the ord€r production business

The solution to the puzzle is found in two parts. The first is the recoAnition
of an i 'npof ldnl  poinr in the BerrJtanf ly-schroedinge, pngoginc con_
tribution that was not stated directly by them. In particular, since to come
into being and persist a dynamically ordered sysrem musr increase the rate
ofentropy production ofthesystem plus environment at a sumcienirare llJ
satisfy ihe balanc€ equation ofthe s€cond iaw, ordercd flow. accordine to
rhe balancr cquat ion. musr be more eftc ienr rr  dtsparing porcnriat ,  r ia n
disordered flow. Now this becomes important only with the second Darr of
rhe solur ion. shrch t  rhe in.$er ro a quesrion cta*icat rhermody;amic.
never asked. In parricula., which pathG) our of available parhs will a
system take to minimize potentials or maximize the entroDv? The answer
(the lzq of ma\rmum enrropy produclron ) rs lhe parh ;r  a$embt) ol
paths that minimizes the porential (maximizes rhe entropy) at rhe fastest
rate given the constraints (Swenson 1988, 1989d, t99la, b, 1997a, b:
Swenson and Turvcy l99l).

Like the s€cond law, rhe law of maximum entropy producrion
is intuitively casy to grasp and empirically demonslrate. Imasine anv
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out-of-equilibrium system rvith multiple available pathways such as a
heat€d cabin in the middle ofsnowy woods (Swenson and Turvey l99l).
ln this case, the system will produce flows through the walls, the cracls
under th€ windows and the door, and so on, so as to minimize the
potential. What we all know intuitively (why we keep doors and windows
clos€d in winter) is that when€ver a constraint is removed so as to provide
an opportunity for increased flow the syst€m will r€configure its€1fso as to
allocate more flow to thatpathway.In short, no matter how the system is
arranged, the pattern offlow produced will be the one that minimizes the
potential at rhe fastest rate given the constraints. Oncc understood,
examples of this deceivingly simple physical principle are easy to
prol i lerate (e.9..  Coemer lqc4. Peck in press).

But now what does that law of maximum entmpy production have to
do with ordff production? The r€ad€r may hav€ already jumped to the
correct conclusion, namely, y'ordered Row produces entropy fast€r than
disordcrcd flow (the balance equation ofthe s€cond law), and,/the world
acts to minirnizc potentials at thefastest rate given theconstraints (the law
of maximum entropy production), lrer thc world can be expected to
produce order, to instantiate new space-time dimensions, wheneverit gets
th€ chance. Thus the world, in slightly difrerent terms, can be expected to
act opportunistically to extend the dim€nsions ofspace-time through the
spontaneous production of dynamical ord€r as fast as it can because
potentials are thereby minimized at a faster rate. The world is in the order
production business because ordered flow produces €ntropy faster than
disordered fiow, and this, in most direct terms, provides th€ nomological
basis for the reconciliation ofthe otherwise two incommensurable rivers.
Rather than being anomalous with respecl to, or somehow violating
physical or unversal law, the'river that flows uphill' that characterizes the
active epistemic dimension of th€ world is seen to be a direct manifestalion
of it, an entailment of universal law.

Th€ senantic content of nacrosropic flow variabl€s in
the intenlional dynamical context

If the foregoing provides the univcrsal basis for intentional dynamics in
general, the de facto question conccrning semanlic content in the
int€ntional dynamical cont€xt still needs addrcssing. In particular, if
int€ntionality is rninimally defined as a kind of dynamics distinguished
through th€ production and maintenance of persistent or invariaDt
self-other r€lations rath€r than a property of decontextualizcd mental
states or representations (or algorithms or symbols) in Carresian circles,
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then there must be semantic content availabie in the world itself and ir
must be nomologically specified. There must be a lawful basis, in other
words, for meaningful specincation in the proximal present ofintentional
ends in the distal futDre.

We could simply point out based on our previous argum€nts, or as the
evolutionary epistemologists do (based on the existence of living thingt,
that such content is entailed, bDt this still begs the whole question ofhow
is it effected. The answer was first appreciated by Gibson (1986 [1979];
Swenson and Turvey l99l; Turvey and Shaw 1995) with his ecological
conception of information. Living things are macroscopic systems tha!
maintain their autocatakinesis through the context of macroscopic flow,
and what Gibson correctly conclud€d was that the place to look for
meaningtul content was not in th€ normal physical descriplors of
individual particles, but instead in the vadables of the flow itsclf.
Specifically, what he recognized was that th€ ambient energy flows (e.g..
optjcal, mechanical, chemical) in which living things are embedded carry
invariant macroscopic properties that lawfully sp€cify, and thus carry
semantic content wilh rcspcct !o, or 'information about', their sources.
This infonnation can then be used directly in the lawful proximal control
of b€havior towards distal intcntional ends.

Optic flow variables, for cxample, can lawfully sp€cify 'time-to-contact'

(e.g., Lee 1980i Kim ct al. 1993; Swenson 1997a), or a chemical or optical
gradi€nt can lawfully specify the source of food Gee also Swenson and
Tu ey 09911 on the origin ofvision), and diffusion and mechanical fields
(e.C., see P€ck lin press] on the origin ofhea ng) can be used in similar
ways (e.g., see L€e 1980; Kim et al. 1993j Swenson 1997a; Swenson and
Tu ey l99l; Tu €y and Shaw 1995). The major contribution of this
deceivingly simple insight is that it gets meaning outside of heads or
disembodi€d mental stat€s and into the cont€xt of intentional dynamics
and its entailments, or into ih€ world irself. lt shows precisely how thc
invariant self-other relations ihrough which intentional dynamics afc
instantiated are maintained. It is of particular interest, although Cibson
did not note il, thal the invariant macroscopic properties to which he
pointed are precisely a consequence of first law symmetry, or the time-
symmctry, of the space'time conlinuum itself (Swenson 1997a).

Int€rtional inexistence, direct perception, and
th€ time-asymmetry of learning

Contrary to Ca(esian thcories that assert meaning and intentionality is
'in the h€ad' and p€rceprion is of mental objects ('indirect perccption'),
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Gibson's theory ofperceplion is called 'direct' because what it mcans by
perception is thepick'up of invariant prop€rties ofthe world, and in ihis it
provjdcs a principled basis for undersranding one of the fundamentai
cnlailments of the epistemic act (the maintenance ofpersistent, invariant
sell--othcr rclationt. Gibson's theory has been criticiz€d, however.
bccausc it is said it fails to accourt for errors or failed intentions bascd
on what Brentano (1973 [1894D called 'inlentional inexistenc€' (non-
existent objecls of thc imagination, e.g., the failure to find and slay a
unicorn, the failure ofa human to flap his or her arms and fly, the failure
ofa predator to catch an intended prey, or thc failurc of a hypothesis of
any kird) (e.g., Berry 1997).

It is true that Cibson's theory ofdirect p€rccption does not account for
intentional inexistence b€cause objects of the imagination, by definition,
are not objects of perception lor Gibson. But rhis is why if Cibson's
conlribution is to be appreciaied it must be recognized that it is not a
theory of intertionality per s€, but instead of a crucial componcnt of
intentionality (the nomological ground for semantic content). Lacking
relational cnlailmcnts, closed-circle theories (which, as argued above thus
immediatcly falsify themselves as soon as they are posited) are forced to
conflate intentionality and perception as derivations from or aboui
m€ntal representations. Beyond showing the nomological ground for the
"-ntailment of invariant relations, and calliig that 'perception', Gibson's
contributioD shows that intentionality, unlcss onc denies intenlional
inexistence or failed intentions, can no longer bc conflated wilh

P€rceiving, for Gibson, referring to the nomological relations that hold
during the execution of a successful inteniion, such as when a bird lands
softly on a branch, thus means picking up on the invaiant relations that
lawfully spccify the conditions for the succ€ssful execution (viz., in this
casc lbc invene rate of expansion of the oplic flow enveloping the bird,
€.9.,  see Lee [980];  Kin e! al .09931; Swcnson l l997a, in press al) .  I t
means knowing the world qrd invariant properties Gymmetries or laws).
But 'failed inlcntiont surely exist, and beyond that if intentional
dynamics were conflated with perception as nonrologically defined therc
would be no learning, no evolution. no time-asymmetry with respcct to
the epistemic orintentional dimension ofthe world, or no development of
space-tim€ to talk about, aDd, in fact, no talking or postulatjng at all.
Learning is a time-asymmetric process by definition, and as much as
nomological relations are entailed in the epistemic act, so too, in a
developing world where initial conditions are nev€r the same twice, is
cxploratory action from ignorance or failed int€ntions (or'random' acts).
Phylogcncticaily, ontogenetically, or atwhatever scale, epistemic ordering
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must begin, in effect, in ignorance, and actions, and particularly failed
intentions, or trial and error, must therefore precede knowing or leaming
the laws.

Contrary to Laplacean or mechanistic determinism in which causality is
reduc€d to emcient cause and like artecedents lead to like consequents
(e.g., see criticisms of elicient causality in Juarero lin press]; Salthe [1985,
19931; Swenson [1990, 1991a, b, 1997a]) intentional dynamics is char-
acterized by macrodeterminacy, or end-speciflc dynamics, to use Dyke's
(1997) felicitous term, where unlike ant€cedents or startins conditions
lead to the same consequence. Indeed end-specificity, macrodeterminacy,
or insensitivity to initial conditions is a generic property of autocata-
kinetic systems (e.g., see Swenson ll997al for detailed discussion of
insensitivity to initial conditions and the B6nard cell experiment). The
generic symmetry-breaking dynamics includes stochastic seeding, or
'blind variation' that leads to a nomologically determinate end-sp€cific
result at the macrolev€l. Intentional dynamics is a development of this
same dynamic built on invariant macroscopic properties, or information
about, between discontinuously located potentials.

Random actions, trial and eror, actions from igrorance, or what can
be thought of as 'generalized intentional inexistence' (micro indetermi
nacy in macrodeterminato fields) develops to the special case of
intentional inexistence invoked by Brentano (e.9., mental rcpresentations
of imasinary obj€cts) in human cultural systems where the more
fundamental forms of intentional dynamics become linglistically
embodied (Johnson 1987; Lakofl 1987; Talny 1988). The result is tle
dramatic expaffion of event horizons providiDg new means to explore,
discover, and thereby instantiate new and otherwise inaccessible
dimensions of space-time thrcugh oppo unistic ordering (see also
Dyke 1997 on space-time expansion in cultural systems, and Swenson
1991b, 1997a, c; Sw€nson and Tuwey 1991; see also the developm€nt of
'semiotic fteedom' in Hotrmeyer 1996b).

Conclusion

SurDmarizing briefiy, modern science, built on Cartesian metaphysics, has
had at its core a set ofpostulates of incommensurability that preclude an
understanding of the epistemic dimension of the world, of intentional
dynamics, or end-dirccted ordering dependent on meaning (semantic
content, or'aboutness'). The assumption first of th€ incommensumbility
between psycholosy and physics (b€rween knower and known, self and
other, subject and object, mind and matter), and later between physics
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and biology (or between Iiving things and their environments in geDeral)
has left modem sciencc with the'Problem ofParmenides', with a physical
world or ontology that cannot account for or even accommodate the
epistemic act of the subject doing the postulating. The bottom ljteratly
falls out from under the ground of modern science on this issue because
beyond rhe obvious discourses of relevance (e.9., psychology, cognitive
science, philosophy ofmind, biolosy, evolutionary theory, and ecology),
science its€ll in what€ver form, is a paradigmatic epistemic activity. What
counts as fundamental science must as a cons€quence b€ abl€ to accounl
at its core for the active, end-directed epistemic or int€Dtional fact of the
epistemic act itselfas an apltort'given' or pre-€ondition for anything that
is known, thought, or felt, including, most particularly, any notion of self-
aurarcness whalsocver. In different terms, if the d priori and a posteriori
do not, in effect, collaps€ to the same subsel ofpossible worlds, then the
'Problcm of Parmenides' remains-

Historically, the problem in modem science is traced to Descartes's
dualist metaphysics where physics and psychology were literally defined
by their mutual exclusivjty. Th€ physical part of the world was taken to be
€xhaustiv€ly defined by €xtension in space and tim€, and consist of
reversible, qualityless, inert or 'dead' panicles ('matter') governed by
efrcient cause and rigid deterministic law from which the active, striving
immaterial 'mind' (the self, 'thinking I', or psychological part) without
spatial or temporal dimension, was said to be immune. The physical
world, thus described, incapable of ordeing itsclf, and cxtcnsionally
defined, had to have order, jntentionality, and meaning imposed on it
from outside by 'mind'. Cartesian incommensurability came full-blown
into biology through Kant and with the later dse of Darwinian
evolutionary theory which was based on the assumptions of
Boltzmann's thermodynamics. Recognizing that the activ€, end-directed
striving ofliving things could not be accounted for from within the 'dead'

world of physics Kant, arguirg for the autonomy ofbiology from physics
rather than recognizing a need for a revision of physics, promoted a
second major dualism, the dualism between biology and physics, or
between living things ingcneraland iheir environments- Boltzmann's view
of the second law of thcrmodynamics as a universal law of disordcr
provided tbe basis for fully entrenching the postulates of incommensu-
rability in supposed physical law. The transition from disorder to order,
he asserted, was infinitely improbable. Th€ world came to be s€€n as two
incomm€nsurabl€ 'rivers', the riv€r of physics flowins down to disorder,
and the river ol biology and psychology, the 'river' comprising the
€pistemic dimension of the world or the intentional dynanics of living
things, flowing up lo increasingly higher levels of order. Tbe active,
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directedness towards (or 'abourness'), or /e/os consljtutins rhe intention-
al i ly of  lhe epi,remrc act.  and lhe semdnric conrenr on " l ich i r  aeoend,.
were srcn nor only as oursrde oI phlsrcal  jaw. bur enrrrely anomaloLrs u i rh

This view seemed to supporr, and seemed ro be supported by,
D€scartcs's famous cogito erya sum the assertion of ttre indcpenaent
thinking 'mind' (the Carresian self, or thinking I) as indubjrably .given,,
and by his consequenr theory ofperc€prion. ,Independenf rhinkint mind
becauseall its characteristic properties, according !o thisvicw. do not exisr
in the physical world. The result was thar perception, by definilion
intcntional (characterized by 'aboutness,) could only be of mental slates
('indiect perceprion'), not of rhe world, and the epistemic dimension oI
rhe $orld by nece-iry became a cto.ed crrcle r ihc Canesran circtc.r
constrluting the human mind with no way in or our and no rational basis
for justifying bclief in an 'outside,. extemat, or obiective world (the'othear at al l .  Fp.remolog) and onlology. In ef lect,  $ere pur rn each
other's null cones, and here we find basis for .rhe episremic Drobtem' thar
ha'  plagucd modem pslchotogl.  phrto.ophy. and e,ery orher o,.course
where intentionality, or the epistemic dimension. or.mind' in narure js a
cenlral issne (which, in etrecr, given rhe discussion above, direcrlv or
indirecl ly.  is ever) dFcipl ine and discourse. and lhe very foundarron. ot
science iiself). The computarional view of mind thar has dominated
cognitive science in recent years where all meaning and intenrionality
is placed intcmal to rule-based systems of operations on symbols or
mental r€presentations is a mechanized version of the Cartesian circle
which also came to b€ rransposed to !h€ social psychological lcvel in rhe
various forms of 'closed-circle theory'. In rhis cas€, wirh rhe addition of
tntersubjectivity, all the originat falal format and emDirical Droblems
rcm:, ined only fuf l  l -cr comFounded.

But the entire 'episremic problem', thegeneral problem ofint€nrionaliry,
mcaning. orknowing, is built on aset of insupportable assumptions. and ir' r  f rom rhe e..umptr()1. Lhar rhc probtem Jrses. In .hon, rhe: indeDendenr
mlnd or scl t  rhe Cdrle, ian a pt ian ot .Eiuen' : ,sserred rn rhe .or i ro
argument is a n) rh.  and rhe d ru,/?/ i r l j  v iew of rhe.ruo incomnen.ur" Ule
rivert is now readily shown to be false. Wirh respect io rhe firsl. lh€re is no
rnd€pend€nt, decontextualized subjecr orsett As discontinuumis related ro
cortinuum, the sclfor subjecl is only distinguished, known. is onlv .siven,
rela| lolaU) rhrough lhe.el f  olherdJnamic, of  rheepisremicacr,  an-d rhe
ept lemrt acr $ i th  ,  reld, ionalentai tmcnrs provrdes a mrnrmalonlolos\ or'uor ld on which rheexiqence otrheselt  rhu. rnerrr icahty depends FLm
^n a posteriori poinr of yiew, whil€ borh rh€ urgency rowards dynamical
ordering and the availabiliry of semantic content .in rhe wortd'. rhe
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characteristic properties of what is properly referred to as 'int€ntional

dynamics', are entirely anomalous from the older view of the lwo
incommensurable rirers, we are now able to show instead that th€y are
exp€cted consequenccs of natural law.

Firstly, Boltzmann's assertion that the production of order from
disorder is infinitely improbable is falsified not only by the ubiquity of
epistemic ordering, or the epistemic act its€lf as well as th€ evolutionary
record writ largc, but by simple repeatable physical experiments whcre
spontaneous ordcring occurs with a probability of ore and as soon as it
gets thechance. This sugg€sts a universality ofwhich intentional dynamics
is a special case, and it is lound in lhe 'law of maximum entropy
production', in particular, the fact that the world acts to minimize
potcntials or gradients (to maximize lhe ertropy) a! the fastest tate given
the constraints. Since, giv€n the balance equation of lhe second la\v, the
transition from disord€red to dynamically ordered states dramatically
increases the rat€ of entropy production. thc world can be expect€d to
produc€ order, or to instantiate ncw dimensions ofspace-time whenever it
gets the chanc€. The world is in the order production busin€ss, or can be
exp€cted to produce as much order as it can, becaus€ ordered flow
produce' enrrop) fa.tcr thJr dr)ordered floq

Intentional dynamics, by providing them€ans to build dynamicalorder
across nonlocal potentials through the use of inlormation about,provides
acc€ss to vast otberwise inaccessible dimensions ofspace-time, or dynamic
order. Proximal information about distal potertials is nomologically
sp€cified in the invariantmacroscopicproperti€s of ambiertenergyflows as
a consequencc offirst law symmetry, and from these points we find the basis
forsolving thcproblem of the two 'dvers' and dissolvingthe old postulates
of incommensurability (e.g., between knower and known, subject and
objcct, or the 'mental' and th€'physical'). Wefind the basjs ,or disposing of
the 'Problem of Parm€nides' and building a principled foundation to a
theory ofint€ntionality where what is given dzliolias the intentionality of
the epistemic act, and .rporrelioli as lhe epistemic development ofspace-
time collapse onto the sam€ subs€t of possible worlds. and thus rather than
being 'outside tolerance' with respect to natural or universal laws is seen
instead to be a dir€ct manifestation of them.

Notes

. Special thanks, as always. to th€ Cenl€r for the Ecological Study ol Perception and
Action for thcn onsoins supporl, to Bill Mae, Koichno Malsuho, and Bob Shaw aor
useful discussio.s. and to the guest edilos of this spccial hsne, Claus Emmeche and
Jesp€r HoFmeyer, lor thet €fons in producire this volnme. a.d panicularly tor their
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pati@@. Prepdariotr of rhis mmuoilt was supo.red in part by Narional Sciene
Fonndation Grant #S8R9422650. All poi.ts of view and co$equenr €roB ar€ mire.

1. A'principLd a@ount'in nosl sen€rel terms is an a@unl which €trlails enlailments
(de6ned h the t€xt), but hde I us it in the stroneer sene ofuniveBal edtdlnerr. In lhis
sene it is equivalenr to my se of naluraliad a@unt' or one aollowing l.om natual law.
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