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ABSTRACT

This research was conceived to contribute to the theoretical foundations of a general view of the dy-
namics of the world based on a concept of spatial order, defined and quantified in terms of differences
or gradients. The Second Law of thermodynamics, which in itsoriginal conception expressed the dy-
namic potential of differences (of temperature), is central to this study, because of its unique and
controversial role in relating spatial order to temporal order, providing an apparent direction to time
and to general evolution. It suggests the existence and import of widely-applicable principles of a
broader “entropy dynamics”, in which the evolution of order, intentional or otherwise, depends recur-
sively on the dissipation of order; moreover the Second Law itself is understood as a consequence of
primordial spatial order—viz. vanishingWeyltensor of space-time curvature (Penrose 1989). Hence
the intention is to explore the foundations and implications of a proposed scientific “paradigm”, of
attempted maximal logical economy, in which spatial order is seen as both cause and effect of what
we observe. Change of perspective regarding individuals’ relation to their world is the principal aim
of the study, to be motivated by elaboration of the applicability of the proposed paradigm to diverse
fields and by exploration of computational models which, it is hoped, will reveal some of the unex-
pected dynamics of the evolution of order.

Keywords and phrases: spatial order, information, entropy, evolution, 2nd law, thermodynamics, cooperation,
competition, collective logic

1 INTRODUCTION
Science is inspired by personal experience and vice versa. It seems appropriate therefore, by way of intro-

duction to the topic, to begin with this connection. “May youmake a difference,” a former teacher and friend
inscribed in a book that she gave me. Why would one want to makea difference? The personal experience that
led to this study was some good-natured teasing by my father about a certain overgrown driveway which, instead
of being kept orderly by cutting or poisoning, was allowed togrow up in a wonderful arrangement of native flora
and fauna.

The pursuit of order seems to be universal among purposeful beings, even as its presumed definition is typically
provincial, and its universal effect is typically quite to the contrary of its provincial intentions. Reflection on this
odd state of affairs leads to the comparison of people (and other putative “autonomous” entities) to refrigerators.

Thermodynamically speaking, a refrigerator is a heat pump,moving heat from a cold area to a hot area, against
a gradient that would otherwise cause heat to flow in the opposite direction, much as people who seek to maintain
or accumulate order generally work against the natural flow of things.

But a refrigerator has to bedriven, so the net effect is that it evolves more heat than it pumps. Very likely
the refrigerator is driven by a heat engine, which is just thereverse of a heat pump, employing a temperature
difference to produce a motive force. The circular, or rather recursive, perhaps regressive, character of these
relations is apparent. There is logical economy in recursion, hence this matter invites investigation insofar as a
principal aim of science is “to reduce all concepts and correlations to as few as possible logically independent
basic concepts and axioms” (Einstein 1940).



The concepts of thermodynamics and of heat pumps and heat engines may be subsumed under generalized
concepts of “entropy dynamics” and of “entropy pumps” and “entropy engines”, for the essential ideas have to
do with gradients and flows. So one might venture to regard people, and likewise everything from businesses
to biospheres, as coupled entropy engines and entropy pumps, running off differences in order to make their
differences.

The related concepts of entropy and information will be explored, with novel interpretations proposed to rec-
oncile profound differences of opinion extant regarding these terms. Order will be quantified with respect to its
communicability and availability for degradation. The perspective, that differences or fluctuations always present
an opportunity for organized structures to tap them for their own “purposes”, will be related to the phenomena
of stochastic resonance and ratchets in the passive case (exemplifying “the ability to extract useful work from a
fluctuating environment” (Berdichevsky & Gitterman 1998) ), and to transitional dynamics, in the active case (as
exemplified in bio-locomotion, where organisms avail themselves of the advantage to be gained by crossing and
re-crossing the boundary between dynamic regimes).

Organization, such as life, is regarded at once as a consequence of the flow of order, a director of the flow of
order, and a possessor of order, revealing a mathematicallyelegant symbolic economy in which the same token
is at once commodity, currency, and agent of interest. Such symmmetry in a model, wherein an object bears the
same sort of relation to its neighborhood as its neighborhood bears to it, forces us to recognize the relativity of
“inside” and “outside”, and calls for a re-assessment of customaryfigure vs. groundhabits of thought. This leads
to a proposed collective logic, or “super-rationality”, asHofstadter called it (Hofstadter 1983a), with implications
for the resolution, by renormalization, of the “Prisoner’sDilemma” and other apparent impasses of a world (view)
filled with self-centered individuals, presumably striving for success in a competitive sea of resources—the view
which I dispute.

2 BACKGROUND AND REVIEW
Remarks on the philosophy of logical economy
As a starting point, the investigator takes science to be nothing more than formalized awareness and investigation.
As mentioned before, “logical economy” is a principal aim ofscience, leading to the revelation of often surprising
connections between things that allows them to be seen as special cases of more general unified principles. In
particular, to those of a mathematical bent, it is strangelyattractive to do the most with the least number of
constructs or assumptions. I mention, as examples, Whitehead and Russell’s formal definition of numbers as
nested sets, all containing either sets or nothing at all (Whitehead & Russell 1927), and the solitary “Sheffer’s
stroke” of symbolic logic (actually discovered thirty years ahead of Sheffer by Peirce (Spencer-Brown 1969)), in
terms of which the commonly-taken logical “primitives”not, and, andor may be derived.

It seems loopy, to make distinctions, then to seek unification. But this may be the essence of cognition (which
may be loopy, but which it is our habit to enjoy). In “Analogy as the core of cognition”, Hofstadter suggests
that cognitionis the process of finding connections, making analogies at higher and higher levels of a conceptual
hierarchy, in a process he calls “chunking” (Hofstadter 2002).

Science is an activity of involvement in the world, including communication from nature to the observer,
whereby information is not received and accumulated, but rather reduced, by being placed in context, so that it
may bere-cognized at the next encounter. This point will be important later in connection with our assumed
definitions ofinformationandentropy.

In a work of exemplary logical economy,Laws of Form(Spencer-Brown 1969), the author begins simply by
drawing a distinction in space. He remarks: “There can be no distinction without motive, and there can be no
motive unless contents are seen to differ in value”. This is remarkably reminiscent, albeit from the realm of
pure logic, of the seminal observation of a certain French engineer and Encyclopedist regarding differences in
temperaturevis-à-vismotive force.

2.1 Entropy and the Second Law of Thermodynamics
Almost two centuries ago, the young French military engineer Sadi Carnot observed in his 1824Reflections on

the Motive Force of Firethat “wherever there exists a difference of temperature, motive force can be produced”
(Mendoza 1977). Hence “heat engines” can be built to run off temperature differences, perhaps produced by
external or internal combustion of fuel.

The essence of the Second Law of thermodynamics is that systems progress from less probable states to more
probable states (Boltzmann 1886, Penrose 2005). It has beensaid that the Second Law is more than a law of
thermodynamics—it is the natural law of history (Brooks & Wiley 1988). But the empirical roots of the Second
Law were in the practical observations of Carnot and those that followed, about the availability of energy and the



natural progress of systems toward an equilibrium state. This is the orientation of the current study, in which we
seek to quantify spatial order in terms of differences, or disequilibrium, which entails dynamic consequences in
the evolution of further order, along the way to equilibrium.

Whereas the First Law of thermodynamics states that total energy is conserved, albeit in altered form, the
Second Law pertains to the way in which energy might change form, as regards the potential to do useful work,
in the manner that a heat engine does useful mechanical work.In 1867 Clausius expressed the Second Law
in terms ofentropy, a physical quantity with the dimensions of energy divided by temperature (Kondepudi &
Prigogine 1998). It was to be recognized as a physical quantity as fundamental as energy or mass.

The Second Law is an expression of the difference between those reactions which occur spontaneously, and
which may be employed to do useful work (as in a heat engine) onthe one hand, and those reactions which
must be forced, and which by the application of work may be employed to produce a differential (as in a heat
pump). Processes resulting in a net increase in entropy are called irreversible, because the reverse processes are
not observed in thermodynamically closed systems. In the context of thermodynamics, the Second Law accounts
for the difference between various forms of energy: “free energy” is available to do work, while heat is unavailable
to do work unless there is a source at higher temperature thana sink. Change in entropy can be quantified with the
units of energy divided by temperature; chemical reactionsare observed to progress in the direction of increasing
entropy, and the entropy of the universe tends toward a maximum, as time goes on.

In 1906 Nernst formulated the Third Law of thermodynamics, which established that the entropy of a homo-
geneous solid or liquid body, at absolute zero temperature,is zero, which provides the basis for evaluation of
absolute entropy, rather than just entropy change (Kondepudi & Prigogine 1998). However, Jaynes points out
that entropy, whether taken as a “delta” (difference) or as an absolute quantity, only has meaning with respect to
chosen parameters ofmacroscopicdegrees of freedom (Jaynes 1965).

2.1.1 Statistical mechanics:macrostate vs.microstate

The Second Law of thermodynamics is distinct from other lawsof physics in that, according to the analyses
of Clausius, Maxwell, and Boltzmann, it is essentially a statistical law, stating that systems tend to progress from
less likely states to more likely states (Boltzmann 1886, Gibbs 1902, Schrödinger 1944). It is in this sense a
macroscopic law, rather than a microscopic law, meaning to say that it applies to systems rather than to objects.

Statistical mechanics was invented to explain thermodynamics, and Gibbs considered the business of statistical
mechanics, as an outgrowth of the classical mechanics that preceded it, not to follow the evolution of a system
through a succession of configurations, but rather to determine how anensembleof systems will evolve, with re-
spect to their detailed configurations (Gibbs 1902). In thisconnection, amacrostateis a configuration of a system
specified by certain parameters like temperature, pressure, and volume, that may be net averages; amicrostateis
a theoretically unique realization of the system in all its microscopic detail (presumably indistinguishable, as a
macrostate, from many other microstates). Boltzmann’s expression of the entropyS of a macrostate in terms of
the numberW of microstates consistent with that macrostate is:

S = k lnW

wherek is Boltzmann’s constant. The statistical-mechanical entropy of a thermodynamic system expressed in
terms of the probability distribution of possible states (theGibbs entropy) is given by:

S = −k
∑

pi ln pi (1)

where thepi are the members of the probability distribution of all microstatesi.
An example commonly given to illustrate change of entropy isto imagine a container, with a partition, and

a concentration of gas on one side of the partition, vacuum onthe other side. If the partition is removed, the
gas disperses, to occupy the container uniformly (macroscopically speaking). There are vastly more microstates
consistent with the latter macrostate than with the former macrostate. In allowing the gas to escape, one might, by
way of allowing this freedom, use the gas pressure differential to run a little machine; or one might simply let it
flow and observe many interesting plumes and vortices take form before they also dissipate. Either the operation
of the machine or the plumes and vortices might be consideredas new orders arising from the dissipation of the
old order. It would be exceedingly unlikely, though possible by the other laws of physics, to find all the molecules
of gas once again assembled, spontaneously, in one half of the volume. The entropy of the container-gas system
has irreversibly increased.

Although some prefer to associate entropy with freedom (Brissaud 2005), thermodynamic entropy is usually
interpreted as “disorder”. Under this persuasion, as a starting point I conjecture that “order”, as a sum of available
differences or gradients, might be quantified as the opposite of entropy. But there is a school of thought that



maintains that entropy is strictly an “anthropomorphic” concept describing a property not of systems, but of the
observations that might be made of those systems (Jaynes 1965).

Schrödinger observed, inWhat is Life?, thatall physical laws rest on atomic statistics and are therefore only
approximate (Schrödinger 1944). As a consequence of the so-called

√
n law of statistical distributions, there

is more accuracy in physical laws for large numbers. This implies that predictability, and stability, arescale-
dependent. Whereas entropy is identified with the uncertainty of many degrees of freedom, order is identified
with predictability. Therefore we should expect order, as the opposite of entropy, to be most apparent at the
macroscale.

2.1.2 Phase Space

As a rejoinder to the quip that “time is nature’s way of keeping everything from happening at once”, one might
say that space is likewise a convenient device for separating aspects of reality. Since it is our predilection to think
spatially, such constructs as graphs and maps seem almost indispensable for conceptualization.

Every possible state of a system can thus be conceptualized as a point in a space having as many dimensions
as there are degrees of freedom for the system in all its detail. For example, in a simple mechanical system
comprising three objects, the degrees of freedom may be considered to be the positions and the velocities of the
three objects. Each object’s position may be specified by three spatial coordinates, and likewise each object’s
velocity vector may be specified by three spatial components. So there are3 · (3+3) = 18 degrees of freedom for
this mechanical system of three objects. The state of the system can be thought of as a point in 18-dimensional
space. This is thephase spaceof the system, a useful abstraction since it is often more convenient to imagine a
simple object in a complex environment instead of a complex object in a simple environment (Shannon 1949).

Thinking of the state of a system, or of the universe as a whole, as a point in phase space, change is thought
of as movement of the point in phase space. The probabilisticquestions of what state the system is likely to
be in, or what state it is likely to change to, become abstractspatial questions about the proximity and sizes of
regions in phase space. Entropy, being associated with increasing probability, might therefore be understood
in terms of the path of a point in phase space, from one region to another region of larger volume, the regions
being associated with macrostates, all the points within the regions representing microstates consistent with those
macrostates. This suggests the possibility of an alternative definition of entropy asmeasure(Campbell 1965)—
that is, “measure” in the mathematical sense of a sort of volume in abstract, arbitrary-dimension space.

The phase space of the universe
With the phase-space view of the evolution of the universe, one imagines the entire universe as a point moving
from regions of relatively small volume into regions of immensely larger volume—so much larger that, although
they may adjoin, the point is effectively barred from returning, just for the reason of improbability. This is
the very expression of the Second Law of thermodynamics, andits operation can therefore be understood as an
essential consequence of an unimaginably unlikely starting position of the point, in an incomparably small region
of phase space (Penrose 1989). Oddly (or elegantly, depending on one’s point of view), initial order sets the
universal course toward disorder. According to this view, the rarity, or unlikelihood, of the position of the point
representing the state of the universe in phase space, shortly after the Big Bang, is the origin of the Second Law of
thermodynamics. As such, it provides for all evolution and gives a direction to time. The original store of spatial
order, from which all blessings (entropy) flow, is identifiedmathematically by Penrose as the vanishing value of
theWeyltensor of space-time curvature in the primordial universe,quite the opposite of what is to be expected in
black holes, or in a “big crunch”, where the tidal aspect of gravity prevails.

An apparent difficulty with the understanding of entropy in terms of phase space volume is the question of
whether the phase space itself may change. Popper distinguished two essentially different ways in which energy
could be degraded or dissipated: dissipation by increasingdisorder, and dissipation by expansion without increase
of disorder, saying that “for an increase of disorder, wallsof some kind are essential” (Popper 1965). The question
of the relation between the Second Law and the expansion of the universe has been the subject of debate (Frautschi
1982, Page 1983).

In collaboration with physicist Richard Palmer, biologistStuart Kauffman distinguishes betweenboundary
conditionsand laws, and advances the radical hypothesis that our biosphere “expands the dimensionality of its
adjacent possible, on average, as rapidly as it can” (Kauffman 2000). “Adjacent possible” means whatever the
state could change to next. The implication would be that theuniverse evolves its own futurepossibilities. In
other words, its phase space cannot be preconceived—a serious challenge to any understanding of the Second
Law, entropy, or order, in terms of phase space.

We are all familiar with Murphy’s Law and the more optimisticgeneralization that, in a big enough world,
“what can happen, will happen”. The Second Law is a sort of ammendment to the effect that “not everything that



can happen, will happen”, owing to great differences in the volumes of adjacent “will-happen” regions of phase
space. But Kauffman’s hypothesis would seem to say that “morethan what can happen, will happen”!

2.1.3 Synergy and Nonequilibrium Physics

It is a well-known observation that “the flow of energy through a system tends to organize that system” (Fuller
& Applewhite 1975). It may well be that the converse is true: “the organization of a system tends to conduct
the flow of energy through that system.” After first observingthat much could be predicted about atmospheric
behaviour on the basis of minimization of the ratio of net radiant energy input to effective outgoing radiation
temperature (Paltridge 1975), Paltridge has studied the operation of principles of maximum dissipation, applied to
climate study (Paltridge 1979, Paltridge 2001). The references (Dewar 2003, Dewar 2005) concern theMaximum
Entropy Productionprinciple, which is also embraced by Schneider & Kay (1994) as an explanation for the
evolution of life.

Of course the flow of energy comes from a state of nonequilibrium, hence the name of the field of study of
nonequilibrium physics, in which Ilya Prigogine has figuredprominently (Prigogine & Wiame 1946, Prigogine
1955, Glansdorff & Prigogine 1971, Nicolis & Prigogine 1977, Kondepudi & Prigogine 1998). From the 1946
publication of his doctoral dissertation on the biology andthermodynamics of irreversible phenomena, until
his passing in 2003, Prigogine contributed to the exploration of self-organization in systems far from equilib-
rium, proving the essential role of irreversibility and probability everywhere in natural processes of change. To
him is due the term “dissipative structure”, referring to patterns and processes which arise as thermodynam-
ically open systems exhibiting organization which dependson the flow of matter and energy not at equilib-
rium. Philosophically, he expressed the view that evolution (the dynamics of change) is of the essence in nature
(Prigogine 1980, Prigogine 2003), and that the proper paradigm for understanding nature is not a view of states,
but a view of flows.

Many investigators followed in this vein; beside Fuller, mentioned above, Haken also authored a textbook on
synergetics, in which he recognized the conceptual unity ofthe wave of interest in nonequilibrium– or nonlinear
physics, self-organization, and chaos theory (Haken 1983). Chaos theory is concerned with high-level patterns
that emerge in complex nonlinear systems. Of particular interest is the characterization of “attractors”, which may
appear as stable patterns (“orbits”) in the phase spaces of chaotic systems, which can be revealed in computational
simulation by iteration (May 1976, Abarbanel, Frison & Tsimring 1998). As “structures” or forms (physical or
abstract), so-called “strange attractors” exhibit recursive patterns that are akin to the fractal geometry explored
and greatly popularized by Mandelbrot (Mandelbrot 1982). Bird goes so far as to assert that when we say that a
system is orderly, what we are really saying is that it has attractors (Bird 2003)!

This would be a statement about dynamic behaviour rather than about spatial structure, but it leads to the
question of how one might quantify the “order” of fractal distributions, in terms of differences and availability.
There is certainly spatial order in such patterns, but as faras I have searched in the literature, no one has
investigated whether this sort of spatial order—distributed order, as it were—represents an available difference
or potential as I have used the terms in the context of entropydynamics, where orderly agents draw on outside
differences, make differences, and provide opportunitiesfor other agents to appear and act, in cascades from one
to the next.

Self-Organization
A textbook example of self-organization in response to an imposed gradient is that ofBénard cells(Haken 1983):
in a fluid between two plates at different temperatures, there arises a striking pattern of convection cells when the
temperature difference becomes great enough; even furtherfrom equilibrium, there is transition to another pattern.

Another well-known example of self-organization is theBelousov–Zhabotinskyreaction, in which oxidation of
malonic acid by bromate in a sulphuric acid solution produces oscillating patterns of a distinctly “organic” appear-
ance (Jantsch 1980, Haken 1983). One possible common characteristic of such self-organized processes is that of
autocatalysis(Jantsch 1980), a form of positive feedback that introducesnonlinearity in such reactions. Wicken
also refers to the importance of “Autocatalytic Organization” in the context of thermodynamics and biological
evolution (Wicken 1987).

The long-term net effect of these processes is presumably dissipation of the gradient, degradation of energy,
and increase of entropy. But the path from nonequilibrium toequilibrium is evidently more interesting than might
have been expected. Unexpected order arises as previous order gives way to disorder.

“Self-organization” is a term applied, perhaps indiscriminately, to the spontaneous, or unexpected, order that
seems to crop up everywhere in the world, and which seems to depend onimbalance orinstability. Kauffman has
used the term “antichaos” for the unexpected order observedin the patterns of state cycles of Boolean networks
with a certain critical degree of connectivity, operating near a chaotic regime (Kauffman 1991). Per Bak’s work



on “self-organized criticality” also explores the ordering effect on systems of “life on the edge”, as it were, near
transition (Bak 1995)—for example, an “orderly” sand pile,with its characteristic angle of repose, exhibits a form
that is maintained (given a flow of fresh material) by way of irregular avalanches. Analysis of the frequencyvs.
magnitude of the avalanches moreover reveals the1/f relationship typical of many natural processes and patterns,
from earthquakes to the texture of the sea floor (Bell 1975).

In the realm of physical geography, Phillips enumerates eleven distinct definitions of self-organization relevant
to landscapes (Phillips 1999), and separates them into two categories: those concerned with the evolution of
overall order or regularity, and those concerned with differentiation of landscapes into more diverse spatial units.
So it is seen that “organization” is better understood as a dynamic process rather than as a well-defined state. The
hypothesis of the present research is that, in any case, the “organization” process arises where a difference drives
it, and that difference comprises spatial order.

Phillips issues the sobering prophesy that “the extent to which field-testable hypotheses are generated, or
explanations provided based on process mechanics or landscape history, will ultimately determine the utility of
self-organization concepts and methods in physical geography.” This conservative outlook cannot be disputed on
traditional grounds, assuming the purpose of science is to predict, to explain in familiar terms, and to be of service
to industry; however I would rather take the unconventionalposition that the purpose of science is to achieve a
more circumspect view of the world. For that reason I would not demand that concepts of self-organization prove
their utility, before following the intuition that bearingthem in mind might lead to alternative insights.

2.1.4 Philosophical Questions concerning Time and Explanation

It has been observed that the Second Law of thermodynamics issomething of an extension of theLe Chatelier–
Braun Principle, which states (Kondepudi & Prigogine 1998):

“Any system in chemical equilibrium undergoes, as a result of a variation in one of the factors
governing the equilibrium, a compensating change in a direction such that, had this change occurred
alone it would have produced a variation of the factors considered in theoppositedirection.”

This principle has a character distinct from that of other mechanistic“laws”, yet it summarizes any number of
specific observations, and it serves to guide one toward correct predictions and toward the formulation of correct
hypotheses.

In a similar vein, Onsager explained the reciprocal relations that exist between irreversible processes (Onsager
1931). This work pertains to certain pairs of “cross effects” such as theSeebeck effectand thePeltier effect—
the former referring to the generation of electric potential by the application of temperature difference across the
junction of dissimilar metals, and the latter referring to the generation of temperature difference by the application
of electric potential across the junction of dissimilar metals (note the symmetry). The essence of the Onsager
reciprocal relation is that thesame coefficientapplies to one cross effect as to the other (reverse) cross effect
(Kondepudi & Prigogine 1998).

Since this research was conceived not to prove a hypothesis but to prove a view that might lead to viable
hypotheses, philosophical questions about the nature of cause and explanation must be addressed.

Inductive inference
Solomonoff proposed a novel interpretation of science in terms of algorithmic information theory and information
compression (Solomonoff 1964): scientific observations are considered to be “strings” of informational bits, and
scientific theories, or laws, are also strings, which summarize all those strings that they are supposed to encompass.
Then the “theory” string contains all the information necessary to generate any of the “observation” strings.

This interpretation is interesting because it is apparently neutral with respect to particular notions oftime or
causality; “explanation” may be prediction, retrodiction, or synopsis, as long as it is summary. Whether or not
Solomonoff’s formal theory of inductive inference is takenas a true representation of science, its logic helps to
justify the acceptance of any principles that summarize observations or that provide the basis for the generation
of hypothetical observations that might be proven.

Aristotelian causes
Formal cause,Material cause,Efficientcause, andFinal cause were all recognized in the classic Greek scheme.
For the most part, it seems that current science seeks theEfficientcause, the “push”, as the explanation for what
is observed. The Second Law of thermodynamics and related principles seem to act rather in the capacity of
Final cause, or “pull”—if not in the sense of positing an objectiveof intention, at least insofar as they describe
a direction for evolution. Suggestion of anything resemblingFinal cause generally raises a red flag in science
(for example, theGaia hypothesis, or for that matter, any discussion of what a biological adaptation may befor



(Lovelock 1987, Dawkins 1989)), presumably because of security concerns regarding the possibility of hijacking
by foreign agendas.1 This is unfortunate, since the apprehension ofFinal cause guides intuition, and science after
all really depends on intuition more than on method. In any case, it is no secret that the presentation of scientific
discovery follows an order that is the reverse of that in which it was lived (Spencer-Brown 1969). I claim that the
exposition of guiding principles, which may appear as AristotelianFinal causes, is appropriate in the spirit of the
open communication of scientific thought.

The arrow of time
It was remarked previously that the Second Law of thermodynamics “gives a direction to time.” Perhaps it does
no more than tag the direction of time. Eddington, who is credited with the phrase “time’s arrow”, expresses, in
his 1927 lecture on “Becoming”, the sense that time is not merely a static dimension with an asymmetry imposed
by the Second Law, but that “becoming” is an objective reality. He notes the curious fact that, whereas the most
reversibleclocks—i.e. those that evolve the least entropy—are the most accurate for measuring time, onlyentropy
clocks give any absolute indication of thedirectionof a time measurement.

Often the operation of the Second Law is illustrated with reference to movies run backward: certain things
(like billiard-ball collisions) appear normal; other processes (like broken glasses jumping onto tables and filling
up with water) appear bizarre. The former approximate reversible processes, with little change in entropy, while
the latter are usually irreversible processes with concomitant increases of entropy. (Popper points out that this may
not always be the case, as for a movie of an expanding concentric wave front (Popper 1956).) In considering the
shuffling of a deck of cards, viewed backward in time, Eddington suggests that, rather than to say that the cards
“become unshuffled”, it would be more fitting to say that the cards “unbecome shuffled” (Eddington 1928). It
may sound like a language game, but many who have deeply investigated Second-Law, nonequilibrium processes
have reversed their perception ofbeing vis-̀a-vis becoming, and accorded time a significance more fundamental
than that of the dimensions of space (Prigogine 1980).

Second-Law processes continue to be an area of mystery and controversy, probably because they invariably
involve the observer in what is observed. As such they are ripe for further study.

2.2 Information Theory
The founding work of information theory is usually taken to be “A mathematical theory of communication”

(Shannon 1948), although Shannon credits predecessors such as Hartley, Nyquist, and Gauss. Wiener published
Cyberneticsthe same year (Wiener 1948); Fisher and Kolmogorov should also be considered founders of infor-
mation theory (Kullback 1959).

Those from the field of information science are acquainted with entropy in a different context than that of
thermodynamics. On the advice of mathematician John von Neumann, Shannon used the term “entropy” for his
measure of the information content of a transmitted message(Shannon 1948). Shannon was working in the field
of communication. A message was supposed toinform; there was necessarilyuncertaintyas to its content before it
was received. Hence information was identified with the uncertaintyU of the probability distribution of elements
of the message that might be transmitted, expressed:

U = −
∑

pi ln pi (2)

Mathematically this is isomorphic to the uncertainty associated with the probability distribution of microstates for
a given macrostate, in statistical mechanics (compare equations 1 and 2).

As a result, much to the consternation of many who take “information” to be synonymous withknowledge
or negentropy(for example, see Wicken (Wicken 1987)), “entropy” has beentaken up as a pleasingly erudite
synonym for “information”. At first sight this seems counter-intuitive, since we are inclined to associate the
orderliness of a signal with its information content. But the apparent order is only what allows it to be perceived,
in a larger context, as a signal. In the context of the signal itself, its disorder, or unexpected variation, comprises
its information.

From a communication-theoreticperspective, a message “informs” to the extent that it “surprises” the recipient.
Upon receipt, the information isreduced, i.e. it is placed in context, perhaps “chunked” (Hofstadter 2002), for later
recognition. Jantsch has much to say aboutnovelty vs. confirmationin connection with the role of information
in self-organization (Jantsch 1980). My view is that information must be communicated as novelty, or it is not
information.

1Salthe, who has much to say about the philosophy of cause in connection with thermodynamics and evolution, observes thatfinality has been
admitted in scientific discourse more recently in connection with systems theory (Salthe 2005).



2.2.1 A Conjecture Regarding the Opposite Arrows of Thermodynamic– and Information Entropies

Although I am in accord with the Shannon– and von Neumann choice of the term “entropy”, I am also in
accord with Wicken’s concern,vis-à-visBrooks & Wiley, about treating them identically (Wicken 1987, Brooks &
Wiley 1988). There is little question thatinformationis a fundamental concept of physical science, not expressible
in terms of other fundamental concepts, but by the same tokenit may have to be treated in its own way (Brillouin
1959, Duncan & Semura 2004).

Information (as a noun derived from a verb) is best understood in the context of communication. Commu-
nication, by loose analogy to thermodynamics, is an irreversible process: once a message has been received, or
an observation made, the “surprise” has been spoiled.2 As Jantsch puts it rather humorously, “A machine may
receive some news and afterward still have the same expectation for receiving identical or similar news. But a
human being will change his expectations.” (Jantsch 1980)

In any process of communication or observation, uncertainty is either reduced, or it stays the same. One might
wish to think that information has been transferred from sender to receiver, and that the receiver now “has” more
information than before, but this would only be true relative toanotherobserver, outside the system, if we stick
with our definition of information as uncertainty. Therefore one might venture a “Second Law of infodynamics”:
In any closed infodynamic system, information entropy mustdecrease with time.

2.2.2 Alternative Information Measures

Related to the communication– or observation process mentioned above is theKullback information measure,
which is based on how much a probability distribution (of uncertainty)changesas a result of an observation. The
Kullback expression for information is: ∑

pi ln(pi/p0

i )

where thep0

i comprise the prior distribution and thepi comprise the posterior distribution.

Algorithmic information theory, due to Solomonoff, Kolmogorov, Chaitin, and others, quantifies information
in terms of computational programs (Kolmogorov 1968, Chaitin 1974): the measure of information of a string
would be the length of the shortest computer program required to generate that string as output. This approach to
information theory leads to many interesting and enigmaticresults concerning randomness, complexity, and proof
(Chaitin 1974, Chaitin 1975, Chaitin 1982), which potentially bear on an attempted definition of spatial order. In
particular, algorithmic information theory provides the basis for a measure of information and randomness (and
henceorder) without recourse to probability theory (Kolmogorov 1968).

2.2.3 Information Location and Pattern

The Chaitin concept of information measure is interesting in light of a fractal-based image– (information–)
compression scheme described by Barnsley and Sloan (Barnsley & Sloan 1988): they showed that many natural
images, with fractal qualities, could be encoded very briefly using iterated function systems (Barnsley & Demko
1985), and quite faithfully reproduced, indicating surprisingly low algorithmic information content. But it also
turned out that the fractal-based compression scheme was not as efficient as it might have been because a great
deal of computation was required, both to encode an image andto decode (reproduce) it. This raises the question
of whether information isobjectiveor context-dependent.

The question ofwhereinformation resides turns out to be an intriguingfigure–groundquestion (Hofstadter
1979). From both a communication point of view and an ontogeny point of view, information interpretation or
realization seem to depend essentially on the receiver and on the environment (context).

For example, in the field of radio communications, a technique of voice communication called “single side-
band” (SSB), is about four times as efficient, or compressed,as ordinary AM radio because neither the “carrier”
(which carries no information!) nor the other sideband, which is mirror image to the single sideband that is trans-
mitted, bear any information not present in one single sideband. But to be rendered as intelligible audio, a local
“carrier” must be generated at the receiver, to supply the context , so to speak, or thegroundagainst which to
perceive thefigureof the audio signal.

Another example of information in context is the MIDI music file format. MIDI (Musical Instrument Device
Interface) is a digital data format for representing music compositions in various specified “voices”, such as piano,
etc. Computers with the requisite sound card and software are able to render the MIDI files as audio. A MIDI
file of piano music is typically about 7kB/min (and can be compressed), as contrasted to MP3 (Moving Pictures

2As a school assignment, we were supposed to write up our ideasof “heaven”. My idea was “total ignorance”. “Oh, you must mean to say
‘total knowledge’, right?” the teacher tried to correct me.But I felt that learning stuff was much more fun than knowing stuff.



Experts Group) format, which is typically about 1MB/min as acompressed audio format. The reason for the great
difference in file size, a rough indication of information content, is that the probability distribution of possible
MIDI sounds is pre-defined by the decoding apparatus, ratherthan being constrained solely by analog-to-digital
circuitry. But if information is objective, where does it reside? Partly in the sound card?

Is not a DNA string’s information similarly context-dependent? Brooks & Wiley argue that biological infor-
mation (i.e. the genetic information of DNA) is objective (Brooks & Wiley1988). It is expected that this research
will revisit a previous conjecture that information might be understood as comprising solely a nesting of contexts
(Martin 2004b).

Even if information is not understood in terms of communication or learning, it may not make sense to consider
information to have a specific location at all. For example, in an electronic data storage array, one might store four
terabytes of data in five terabytes of memory space with a parity scheme amounting to what I would call distributed
redundancy, so that one could recover all the information, should any fifth part of the array be disabled. By
disabling (and restoring) each fifth part in turn, one might conclude that the information has no essential location
in particular.3

Algorithmic information theory and the question of computability may or may not bear on the definition or
quantification of spatial order, but it is interesting to note that some profound questions of formal “decidability”
(in the mathematico-logical sense) and computability havebeen fruitfully related to aperiodic tilings of the plane
(Wang 1961, Penrose 1989, Radin 1991). Radin deals in particular with the question of why it should be, that in
three fields as diverse as geometry, mathematical logic, andsolid-state physics, certain rules of local interaction,
together with some sort of requirement to optimize a global quantity, lead to manifestations of spatial order.

In Evolution, Thermodynamics, and Information, Wicken says that Schrödinger’s anticipation (inWhat is
Life?) of DNA as an “ordered aperiodic crystal” is a “contradiction in terms” (Wicken 1987). Should periodicity
be a requirement of order? The apparent beauty and intuitiveorder of certain aperiodic tilings of the plane
certainly suggest that symmetry might be a better indication of order than translational periodicity (Grünbaum &
Shephard 1987). According to Radin,entropy, recursive functions, andspectrummeasure different aspects of the
“orderliness” of a dynamical system (Radin 1991), where “spectrum” refers to periodicity.

2.3 Perspectives from the Life Sciences
When James Lovelock was working with the United States’ National Aeronautics and Space Administration

on the question of how one might detect the possible presenceof life on Mars, Lovelock suggested that one might
look for anentropy reduction(Lovelock 1987). In other words, one might expect life to “make a difference”
thermodynamically, the way a refrigerator makes a difference. Of course the difference need not be a temperature
difference; it may be any sort of “ordering” that would not beexpected in a simple physical system.

This idea is similar to Monod’s reflections concerning “strange objects”—the artifacts of life that appear to
have a purpose (Monod 1970). But instead of objects, one would be looking for strange states of affairs, which
might conveniently be thought of as having come about for a purpose (such as self-maintenance), but which one
would not expect to have come about by chance in the natural course of entropy increase. This search criterion
would be familiar to the field archaeologist, whose knack is not merely to spot artifacts—“strange objects”—but
to notice any unusual patterns—strange states of affairs—that suggest purposeful activity. Such strange states of
affairs, appearing as persistent departures from equilibrium, might be as local as a squirrel’s cache of nuts, or as
global as the chemical composition of a planet’s atmosphere(Lovelock 1987), which would be detectable from
astronomical distances by spectral analysis.

2.3.1 Entropy and Life

It is apparent that there is an essential connection betweenlife and questions of entropy, order, and the Second
Law of thermodynamics. In 1944 Schrödinger offered a physicist’s view of matters of biology, including the
novel idea that the reason for eating is not to so much to obtain energy, but to obtain substance of low entropy
(Schrödinger 1944). In other words, it might be said that weconsume order (“negentropy”), for the purpose of
maintaining and propagating our own order.

Bird offers the alternative view thatinformation, not order or entropy, should be the focus of our attention;
he suggests that “the maintenance of life demands a supply ofinformation from the food we eat” (Bird 2003).
Perhaps this is in consonance with the “it from bit” view advanced by John Wheeler: that physical reality is
actually derived from information (Penrose 1989).

Unfortunately, whereas thermodynamic entropy is fairly well defined, the use of the terms “information” and
information-theoretic “entropy” is in such a state of confusion in the literature that, even though Shannon himself

3It is rather like askingwhere, in a Fourier transform of a musical sequence, a particular note is to be found.



cautioned against careless use of the novel concepts of information theory (Shannon 1956), many authors have
since commented on, or in, the confusion (Marchand 1972), ortried to correct the situation by decree (Wicken
1986).4

2.3.2 Entropy and Evolution

Early efforts to relate entropy and evolution were concerned more with explaining the apparent decrease
in entropy with evolutionary time than with using thermodynamics to explain evolution, and so focused on
information-theoretic entropy. Campbell imagined that, in the statistical distribution of a given generation’s
progeny, the tail with least entropy (genetic entropy) would be selected, and he called this process an “en-
tropy pump” (Campbell 1967). Woolhouse responded that genetic negentropy did not necessarily imply func-
tionality for an organism, and so did not explain the presumed direction of evolution toward greater organization
(Woolhouse 1967).

The work of Whittaker followed, with more attention to the matter of available gradients, but his primary focus
was the measurement of species diversity (Whittaker 1972).

The first major work to attempt an explanation of evolution based on thermodynamics was “A thermodynamic
theory of the origin and hierarchical evolution of living systems” (Hamilton 1977).

With a clear exposition of thermodynamic concepts, Wicken did much to further develop the connection be-
tween entropy, in the more strictly thermodynamic sense, and biological evolution (Wicken 1980). Wicken’s
arguments begin with unambiguous (if debatable) positions: differing from those who, with Jaynes, regard en-
tropy as observation-dependent or “anthropomorphic”, Wicken considers thermodynamic entropy to be real and
objective; information-theoretic uncertainty, on the other hand, he considers to be subjective.

Wicken offers the useful observation that there are two distinct forms of non-randomness:order, andorgani-
zation(Wicken 1987). The definition oforder should be structural, and the definition oforganizationshould be
functional. Without regressing to teleology, Wicken follows Kant’s sense that organisms are “natural purposes”
combining means and end, and emphasizes that life is anorganized processin which “wholes are not sums of
parts; rather, parts are relationally constituted by theirwholes” (Wicken 1987).

In his thermodynamic analysis, Wicken begins with a definition of the “information content” of a thermody-
namic macrostate:

IM = −k lnPi

wherePi is the probability of its occurrence as one of a number of possible macrostates. This is potentially quite
confusing in comparison to the Shannon concept of information. The Shannon information is a measure of, in
effect, thespreadof a probability distribution; Wicken’s “information content” is a measure of, in effect,the
improbabilityof observing one macrostate in a probability distribution of macrostates. As such, I might prefer to
expunge the word “information content” from Wicken’s theory and adopt the associated mathematical expression
as a possible measure of “order”.

Wicken decomposesIM as a sum ofIc, Ith, andIe: configurational, thermal, andenergeticcomponents. I am
hopeful that this analysis may prove useful to me in reconciling the different aspects of spatial order that I hope
to unify.

In Wicken’s thermodynamic scheme of evolution on Earth, theinflux of free energy from the Sun and outflux of
entropy (i.e. infrared radiation) first has the effect of drivingIe upward on Earth. AsIe cascades downward, some
of it is converted toIth, and this corresponds to the evolutionary arrow of increased structuring (Wicken 1987).

The work of Brooks and Wiley complements that of Wicken. The core of their thesis is an explicit analogy
between thermodynamics and “bioinformatics” (Brooks & Wiley 1988). In this analogy, they consider the
total “biological information capacity” of a system to be subject to the same Second Law considerations as the
total entropy of a thermodynamic system. They introduce ahierarchical information theoryin which they are
concerned with theinformation capacityCI , theorder capacityCO, and thedisorder capacityCD of biological
systems. They list the six criteria of self-organized systems:

1. Total information capacityCI increases with time.

2. Information capacity on all levelsCI,i, i = 1 . . .N increases with time.

3. Total order capacityCO and total disorder capacityCD increase with time.

4. Order and disorder capacities on all levelsCO,i, i = 1 . . .N andCD,i, i = 1 . . .N increase with time.

5. At low levels, disorder prevails:CD,i > CO,i for smalli.

4In further house-cleaning, Wicken declares that we “...need to expunge ‘entropy’ from the lexicon of information theory”, and that “The
concept of organization doesn’t properly belong to the lexicon of physics or chemistry” (Wicken 1987)!



6. At high levels, order prevails:CO,i > CD,i for largei.

Brooks & Wiley say that systems satisfying both 5 and 6 are “complex”. If they satisfy 5 but not 6, they are
“disordered”; if they satisfy 6 but not 5, they are “ordered”. They say that, to satisfy 3 through 6, systems must be
subject to both noise and constraints, such that the ordering tendency is< 1 at low levels, and> 1 at high levels.

Brooks & Wiley present a picture of evolving systems in whichincreasing disorder lags increasing capacity for
disorder, so that therelativeview is that systems become more organized (departing from Wicken’s nomenclature).

Schneider & Kay elaborated a view of life as a manifestation of the Second Law of thermodynamics
(Schneider 1988, Schneider & Kay 1994), based on the principle that, as systems are moved away from equi-
librium, they will utilize all avenues available to counterthe applied gradients. Following the work of Paltridge,
their model is consistent with observations of large-scalemeasurements of ecosystems, such as incoming– and
outgoing radiation balance, and it makes a case for evolution pathways based on principles of gradient dissipation.

In relation to the work of Schneider & Kay, I think it is important to distinguish more clearly betweenresisting
an energy gradient,dissipatingan energy gradient, anddegradingenergy. Thedissipationof a gradient (perhaps
it would be better to say “discharge”) does not necessarily imply itsdegradationto a less available form of energy.

Perhaps this question may be understood as a generalized problem of impedance matching(Martin 2004a).
When a gradient is dissipated (i.e. when a potential is discharged) part of the potential may be transformed into
“useful work” and part may be transformed into entropy.

Salthe has followed Brooks & Wiley with contributions to “infodynamics” and hierarchy theory, extending the
paradigm to consider complex social phenomena in light of what I would call entropy dynamics. Drifting from
ecology into economics, he even interprets warfare as a mechanism to prevent “ecosocial senescence” (Salthe
2003), or, in my terms, the inability to continue pumping entropy by channeling entropy flow. Since an underlying
motive for the present research is concern about such effects, the extent of Salthe’s work is important.

It is noteworthy that Salthe was the only researcher, in literature reviewed, to refer to an organism as “a gradient
feeding on a gradient”: precisely the terms I would have chosen, in the quest for logical economy. I will, however,
disagree with Salthe’s claim that “One system’s disorder could be another’s order” (Salthe 2005). Just as relativity
does not call into question thedirectiondifference between past and future even if it calls into question the concept
of simultaneity, so the relativity of entropy (or order), with respect to macroscopic parameters of definition, does
not call into question the Second Law in prescribing how it should change with time.

2.4 Perspectives from Other Fields
We present here a sampler of work from a variety of fields, as illustration of the wide applicability of the

paradigm that we wish to develop.
In the field of agricultural geography, Eulenstein,et al. use the term “entropy pump”, and address the prob-

lem of entropy flow in the context of human geography (Eulenstein, Haberstock, Steinborn, Svirezhev, Olejnik,
Schlindwein & Pomaz 2003). They propose an agricultural “environmental index” which, instead of being merely
an efficiency ratio of production to energy or material input, instead takes into account the environmental degra-
dation that the production entails.

In the field of engineering, Doelling found a correlation between entropy flow and wear of machinery compo-
nents (Doelling 2000).

The field of transitional dynamics, which concerns the exploitation of non-steady flow, or operation across a
flow gradient, has resulted in interesting biologically-inspired mechanisms such as propellers that achieve higher
efficiency by going in and out of stall (Usab, Hardin & Bilanin2004). The connection to the topic of study here
is that the existence of differences in flow, including shear, will be considered as manifestations of spatial order.
Fish achieve their swimming efficiency by control of vortices (Triantafyllou & Triantafyllou 1995), and can even
exceed 100% efficiency by taking advantage of vortices existing in their environment. Again, we hope to quantify
the greater order of the hydronamic field with a vortex, compared to the hydrodynamic field lacking the vortex.

Albatrosses are similarly able to effectively extract energy from their environments, by the technique of dy-
namic soaring, which exploits wind shear (differential). In this way they are able to remain aloft without beating
their wings, which would not be possible in a uniform wind field. It is easy to see how something like a windmill
or even a photovoltaic panel can passively lever to advantage its position in a gradient, extracting energy there-
from, but it is more subtle to appreciate how differentials or variation of any kind can be used to obtain order. I
suggest that awareness of the simple principle leads to discoveries of its ubiquitous operation.

Stochastic resonanceis the name for the effect that random variations (“noise”),added to a periodic signal that
is below the threshold of detection, can make the signal detectable (Benzi, Sutera & Vulpiani 1981, Wiesenfeld &
Moss 1995, Bulsara & Gammaitoni 1996). A self-winding watchhas a ratchet that works because of variations in



velocity; “common to ratchets and Stochastic Resonance is their ability to extract useful work from a fluctuating
environment” (Berdichevsky & Gitterman 1998). To “extractuseful work”, or to “extract energy” is to obtain
order, and it happens wherever there is differential.

2.4.1 Society and Politics

In the current fashion of pride in ignorance, a prominent misleader in American pork-barrel politics recently
declared that a certain large wildlife preserve was “no moreremarkable than a blank piece of paper.” Of course
it is really no more remarkable than a paper that hasn’t been read. It is not empty; after all, “nature abhors a
vacuum” (or, as I would prefer to say, “nature loves opportunities”). The statement must be taken as a profound
expression of disinterest in what is there, regarding it as merelyground, notfigure.

“If not for people, for whom?” was my uncle’s haunting rhetorical question, as the world he knew gave way
to the world I know. Where order is not recognized, or not dissipated for our own purposes, we say that it is
“wasted”. In my view of entropy dynamics, a waste is a terrible thing to mind.

Under the spell of the likes of Thomas Hobbes, John Locke, andAdam Smith, we seem unable to recognize
order that is not of our own design; we have forgotten the “ancient covenant” (Monod 1970) of our kinship with all
life. I suggest that the kinship extends further even than that, perhaps to the first distinction (Spencer-Brown 1969).

In Entropy: A New World View(Rifkin 1980), the author eloquently and insightfully presents the historical and
social context of the operation and general (lack of) understanding of the Second Law of thermodynamics. It is
sobering to consider that our very habits of thought and inquiry may be shaped by the order gradient where we
happen to find ourselves at present. The most important points of the book have to do withsourceandsink.

Sources and sinks, the order upon which society’s pursuit oforder depends, are also the implicit subject of
Limits to Growth(Meadows, Randers & Meadows 2004). In the first edition, published in the mid-seventies,
possible social evolution scenarios were explored by computer simulation, and the implications discussed. After
two more editions, the greater baseline of data lent credence to the principles upon which the model was based.
The most important point of their studies is that, as resources are squandered—i.e. sources exhausted or sinks
filled—options are spent as well. This sounds like the opposite of Kauffman’s hypothesis (glibly optimistic by
comparison) that oganisms evolve to expand the adjacent possible. Perhaps it is just a question of “given what?”,
but these are not questions that should be ignored, and it is hoped that a fresh paradigm for understanding will
help.

Rifkin says that technology is all abouttransformers, or what I might call coupled entropy engines/pumps,
which accelerate dissipation and channeling of order. Thisis pertinent to a primary question of this research:
does general evolution lead to organization thataccelerates, or thatretards, the dissipation of order? Without
substantiation, Rifkin notes that animals speed up entropyproduction, while plants slow it down.

2.4.2 Collective Logic

Social and political problems revolving around concepts ofresource and dump, relative order, proprietary
vs. common, lead one to consider some individual-versus-system dilemmas such as the Prisoner’s Dilemma,
explored by Axelrod and others (Axelrod & Hamilton 1981, Hofstadter 1983b, Axelrod 1984). It is hoped that
the exploration of the concept of spatial order will contribute to a general change of view about insidevs.outside.

In the Prisoner’s Dilemma, each of two players must choose onhis own either to “cooperate” or to “defect”.
If both players choose to cooperate, the payoff is better than if both choose to defect. But if one chooses to
cooperate and the other chooses to defect, the defector’s payoff is even more than if both had cooperated, while the
cooperator’s payoff is even less than if both had defected. Analysis by hypothetical ground construction is trotted
out: “Suppose myopponentcooperates. Then I should defect. Suppose he defects. Then Ishould still defect...”,
etc. The usual interpretation of this problem and Axelrod’sresults is that logic mandates sub-optimum behavior in
the absence of iteration, but cooperation indeed emerges via iteration. However, Hofstadter argues convincingly
that the accepted logic is not paradoxical; it is simply inadequate—in plain words, wrong! (Hofstadter 1983a)

In my interpretation, the crux of the error, or of Hofstadter’s revelation, is again in the question offigure
vs. groundand the delusion of independent individual existence: one cannot logically set aside others’ logic
as “outside” one’s own, spatially, temporally, or otherwise. I perceive an analogy between this cooperation-vs.-
competition question and questions of spatial order and entropy dynamics, especially where supposedly conscious
choices are made, because both cases prompt a radical changeof perspective.

The indicated change of perspective is more subtle than a change from selfishness to altruism or from “local” to
“global” view: Hofstadter’s logical argument is based on the motive to optimize one’s own gain, not the collective
gain (Hofstadter 1983a), though the effect of global optimization indeed emerges. Likewise, in the three fields of
Radin’s synthesis (Radin 1991), global optimization seemsto emerge as an effect, rather than being a cause or
even an aim.



I’d venture the analogy that, in both the Hofstadter analysis and the Radin analysis, the elemental objects of
the analysis (whether they be players, spheres, tiles, or atoms) should be recognized as being essentially indistin-
guishable. The habit of identifying individual entities, as dinstinguishable figures seen against an indistinguishable
background, is an impediment in the way of understanding theelements of a model as recurrences of different
sorts of relatedness. In other words, for example, insofar as the atoms of a crystal are “identical”, they are one—
one recurring pattern of relatedness; yet they have no individual identities as figures, except as effects upon, or
effects of, their ground.

Bird advances the view that the cousin concepts ofiteration andrecursionare key to understanding evolution
and thought (Bird 2003). Here “iteration” refers to sequential repetition in which output is fed back to input;
“recursion” refers to definition by self-reference, or “nesting”. Iteration is obviously very much of the essence
in life and evolution (eg.(Dawkins 1987, Axelrod & Hamilton 1981)). Recursion is of the essence in thought,
and in the solution of such renormalization reasoning problems as the Prisoner’s Dilemma or the Trajedy of the
Commons5 (Hardin 1968).

In my view the foregoing dilemmas arise from a mistaken figure–vs.–ground orientation that habitually sep-
arates actor from stage, inside from outside, proprietary from common. The study of entropy dynamics and the
evolution of spatial order specifically entails the study oftransient structures with dynamic boundaries perpetually
undergoing redefinition, so I expect that its elaboration may help dissolve false notions of figure vs. ground, and
provide a foundation for the construction of a collective logic for optimum decision-making.

3 SPECIFIC RESEARCH PLAN, QUESTIONS, AND PROPOSED METHODS
This is essentially an interdisciplinary study, an effort of paradigm-construction. The object is not proof of a

hypothesis, but proof of a tool for the construction of hypotheses. I expect to devote much more than the typical
amount of time to study of relevant literature in a broad spectrum of fields of study. The unifying theme will be the
logico-spatial concept of order, expressed as differencesor gradients. In this section I will describe my purposes,
questions that I currently consider to be primary, and intended research methods.

3.1 Purposes
A primary motive of this undertaking is to encourage global thinking instead of individual, competitive think-

ing. It is apparent to me that current models of the world and consequent assumed behavioral imperatives converge
to unpleasant results. Even though mental models may be the problem, it may be possible to contribute to a revo-
lution in outlook by the very method of exploration of alternative models of reality.

I’d like to further develop the “entropy dynamics” model of the world (by focusing on specific questions of
spatial order dynamics), as a new way of looking at a broad class of problems. In some cases the way of looking
at an individual problem may not be new, but perhaps the view of the connection to other problems may be new.
The way of looking is to bear in mind the idea that spatial order and spatial information can explain a lot about
why any generalized organism or its garden (metaphoricallyspeaking) arises, what sustains it, and what depends
on it.

I hope to develop a theoretical basis for the quantification of spatial order, in such a way that it might be
possible to quantify not only static spatial order, but someof the dynamics of the evolution of spatial order,
abstracted from any specific processes.

3.2 Specific Questions
As usual, new research questions are expected to crystallize, as others sublimate, as this work progresses.

Some current outstanding questions are listed below.

• What is spatial order? Can it be quantified? Relatively, or absolutely?

• What is spatial information? What is spatial entropy?

• Are spatial information and spatial order complementary, or synonymous? Might there be a reciprocal
relationship with respect to time?

• In what way is spatial orderscale-dependent? How ordered is a fractal distribution?

• Is there a fruitful analogy between thermodynamics and entropy dynamics? (Is the question well-posed?)

• If order is defined in terms of difference, does the juxtaposition of regions of differing order represent a
higher order of order?

5I chose to capitalize this in recognition of the fact that this seminal paper has racked up 3481 citations to date, according to one database.
Like the weather, everyone is talking about it, but...



• What emergent behaviour might be observed in simple models of spatial order dynamics?

• Can the models be applied to economics or politics, if we consider “wealth” or “power” to be variations of
the theme of “order”?

• What is the connection between the “differentials” view of spatial order and entropy dynamics on the one
hand, and transitional dynamics (as in bio-locomotion) on the other?

• What is the connection between the “differentials” view of spatial order and entropy dynamics on the one
hand, and stochastic resonance and ratchets on the other?

• Does the evolution of order, or “organization”, acceleratedisordering, or retard it?

• Are there characteristic stages in the evolution of regionsof order?

3.3 Methods
In the “notes” section of his otherwise spartan work on the Laws of Form, Spencer-Brown (1969) comments

on the essential value, in seeking basic insight, of simply “bearing in mind” a problem. This is basic theoretical
spatial information research, and by the grace of my sympathetic supervisors I expect to spend a great deal of time
just thinking and studying.

In the interest of making the work more substantive, and as a practical method of inquiry, my intent is to use
simple computational models to study the evolution of spatial order. I anticipate that the very effort of setting up
the computational models will help to clarify fundamental concepts, and I hope that (as expressed by Dawkins
(1987)) the computational models will turn out to be tools that will provide insight into the theoretical concepts
upon which they are based.

The details of these computational models are not at all clear in my imagination, but I expect that they will be
discrete models involving spatial distributions of pointsor areas, together with rules of interaction. The models
might progress from “passive” simulations designed to explore the possibilities of emergent patterns, to “purpose-
driven” simulations in which more or less stable entities seek to obtain “outside” order and to propagate or consol-
idate “proprietary” order. The models would be symbolic (insofar as I am not interested in studying the behaviour
of computersper se), but the overall aim would be to minimize the levels of symbolism. For example, if an
“agent” could be represented by an aspect of the same symbolism as the gradient or order itself, all the better.

I hope that the models might provide the means both to illustrate and to answer questions concerning the
balance of order, the relation between local “entropy pumping” and the global state, and so forth. I venture to
hope that the results of the research might have significant implications for those who would make conscious,
reasoned decisions, and that I might be able to communicate those implications by written publication.

4 SUMMARY
This paper has introduced the author’s theoretical research into the nature of spatial order, understood in terms

of difference or gradient. This has been related to the Second Law of thermodynamics, as the natural law of
history, which describes themotivethat followsdistinction. A survey of work from diverse fields was presented
as evidence of the universal applicability of the idea, which we therefore seek to develop as a paradigm for the
generation of insight and hypotheses in many areas. Finally, the intent to construct computational models, to
illustrate and to further explore the idea, was outlined.
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