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When we talk about the Taoist concept of change, it is important to realize
that this change is not seen as occurring as a consequence of some force,
but rather as a tendency which is innate in all things and situations. The
movements of the Tao are not forced upon it, but occur naturally and
spontaneously.
FRIJTOF CAPRA, THE TAO OF PHYSICS'

I. A QUICK AND DIRTY INTRODUCTION TO
CHAOS THEORY AND THE LAW

Change-in science, in jurisprudence, and in the world as we perceive
it-is the focus of this Article. Indeed, if we come nearer to understanding
"change," we come nearer to understanding the natural world, its inhabitants,
and human law, because change seems to be one of the few universal
constants. Change, in its broadest sense, is also what Chaos Theory is
about. More particularly, Chaos is the study of change in nonlinear dynamic
systems.' This Article describes the theory of Chaos, its application in the
1. FRITJOF CAPRA, THE TAO OF PHYSICS: AN EXPLORATION OF THE PARALLELS
BETWEEN MODERN PHYSICS AND EASTERN MYSTICISM 116 (1991). The back cover of The
Tao of Physics states that Capra holds a Ph.D. degree and "has done research in theoretical
high-energy physics at the University of Paris, the University of California, Stanford
University, and Imperial College, London."
2. See generally H. RICHARD PRIESMEYER, ORGANIZATIONS AND CHAOS: DEFINING
THE METHODS OF NONLINEAR MANAGEMENT (1992). Actually, Chaos Theory embraces two
distinct branches. The first branch explores "the hidden order that exists within chaotic
systems. Chaos in this usage is distinct from true randomness, because it can be shown to
contain deeply encoded structures called 'strange attractors'." N. KATHERINE HAYLES,
CHAOS BOUND: ORDERLY DISORDER IN CONTEMPORARY LITERATURE AND SCIENCE 9 (1990).
The second branch emphasizes "the spontaneous emergence of self-organization from chaos;
or, in the parlance of the field, on the dissipative structures that arise in systems far from
equilibrium." Id.
The first branch is probably the more scientifically careful and, therefore, is seen as
more politically correct. See id. at 10. It is loosely headquartered at the Sante Fe Institute.
For highly readable narrative histories of the Sante Fe Institute, see ROGER LEWIN,
COMPLEXITY: LIFE AT THE EDGE OF CHAOS (1992); M. MITCHELL WALDROP, COMPLEXITY:
THE EMERGING SCIENCE AT THE EDGE OF ORDER AND CHAOS (1992). The second branch
is much more speculative in extrapolating its findings to other disciplines. HAYLES, supra,
at 10. A "central figure" within this branch is Ilya Prigogine, the winner of a Nobel Prize
in 1977 for his research on nonequilibrium irreversible thermodynamics. Id. at 9. Prigogine
is associated with the Bionomics Institute in Brussels. The seminal popular book, and still
the best book at blending the technical scientific "necessaries" in an interesting and readable
narrative, is JAMES GLEICK, CHAOS: MAKING A NEW SCIENCE (1987).
As used herein "Chaos" or "Chaos Theory" will embrace both branches of the science
unless the context clearly requires otherwise.
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sciences and the humanities, and its possibly deep metaphoric relationship
to law.
This Article is not, however, yet another ponderous self-serious article
on theoretical jurisprudence. It is about life, law, discovery, and play.
Herein I speculate on the speculative and allow myself the recreation of
dabbling, comparing, and contrasting many disciplines of study. In so doing
I come close to finding my own personal jurisprudence. This jurisprudence,
like myth and religion, is tested against both personal experience and the
recorded experiences and observations of others. Also like myth and
religion it could possibly be dead wrong in its representation of the law for
others. Indeed, much current speculation about Chaos Theory by chaoticians
themselves is probably wrong.4

3. At least one commentator has eschewed the metaphoric relationship between
constitutional law and Chaos in favor of using the assumption "that interdisciplinary
translations can be made directly." Robert Artigiani, Chaos and Constitutionalism:Toward
a Post-Modern Theory of Social Evolution, 34 WORLD FUTURES 131, 132 (1992). I prefer
to use comparisons metaphorically in the sense of the definition of the word "metaphor": "a
figure of speech in which a word or phrase literally denoting one kind of object or idea is
used in place of another to suggest a likeness or analogy between them." WEBSTER'S NEW
COLLEGIATE DICTIONARY 746 (9th ed. 1991) [hereinafter WEBSTER'S DICTIONARY].
I prefer the metaphoric use of Chaos in this Article for several reasons. First, it allows
me more freedom of thought. Second, it avoids many of the criticisms applicable to "law
as science" jurisprudence. Third, there is historical legal precedent in using science as a
metaphor to help understand law. See, e.g., Laurence H. Tribe, The Curvature of
ConstitutionalSpace: What Lawyers Can Learn from Modern Physics, 103 HARV. L. REV.
1 (1989); cf John Veilleux, Note, The Scientific Model in Law, 75 GEO. L.J. 1967 (1987).
Finally, the power of "just" a metaphor should not be underestimated. Indeed, the use of
metaphor seems to be one of the characteristics possessed by geniuses: "'The imaginative
faculties are set in motion by mental metaphor. Metaphor shifts the discourse, not gradually,
but with a vengeance."' Sharon Begley et al., The Puzzle of Genius, NEWSWEEK, June 28,
1993, at 46, 50 (quoting Roald Hoffman, the 1981 Nobel Prize Winner in Chemistry). For
a discussion of the field of brain science, see Part 11of this Article. Relatedly, Tom Peters,
a popular business author, posits that in order to "pursue luck" an individual should "[r]ead
odd stuff [and Ilook anywhere for ideas .... [v]isit odd places .... [m]ake odd friends....
[c]ultivate odd hobbies." TOM PETERS, LIBERATION MANAGEMENT: NECESSARY DISORGANIZATION FOR THE NANOSECOND NINETIES 612 (1992) [hereinafter PETERS, LIBERATION
MANAGEMENT].
4. For example, neurobiologist Walter Freeman (University of California at
Berkeley) is reported as conceding that "a lot of the ...work going on now is probably
ridiculous and will ultimately prove wrong, but he and fellow [chaoticians] ...are convinced
the world of science will be turned upside down by chaos." Laurie Garrett, Discovery: Life
Is Chaos, NEWSDAY, Mar. 7, 1989, at I. Further, not all scientists are willing to be
stampeded into swallowing Chaos and Complexity. For example, William Provine (science
historian at Cornell University) stated:
"I see people trying to make connections between the patterns in the biotic and abiotic
worlds, and I'm just not convinced on the face of it.... Tell me what the mechanisms
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"Experience" is one of the centerpieces of Chaos, as well as the sciences
to which it has been directly applied, because "experience" is laden with
information.5 Experience provides information for the actor as well as

are that produce these patterns, then perhaps I'll get interested .... [Otherwise] pretty
soon you're into free will and determinism."
LEWIN, supra note 2, at 181-82 (quoting William Provine).
Nonetheless, Chaos is finding its way into mainstream science and engineering and is not
merely the stuff of dreamers and crackpots. Indeed, chaotic systems may be the most stable
kinds of control systems. Because of their extreme sensitivity to initial conditions, "they also
react very rapidly to implemented controls." William L. Ditto & Louis M. Pecora, Mastering
Chaos, Sc. AM., Aug. 1993, at 78, 83. Such systems have been used experimentally to
increase the flexibility of lasers over several light bands while at the same time increasing
their strength. Id. at 84.
5. Personal experience and the anecdotal experience of others is imperfect, at best.
Indeed, such stochastic sampling may very well lead to results that violate the law of large
numbers. See generally THOMAS GILOVICH, How WE KNOW WHAT ISN'T So: THE
FALLIBILITY OF HUMAN REASON IN EVERYDAY LIFE (1991); Kunihiko Kaneko, Globally

Coupled Chaos Violates the Law of Large Numbers But Not the Central-Limit Theorum, 65
PHYSICAL REV. LETTERS 1391 (1990).

On the other hand, "real life" experience may perform some limiting function on
academic speculation and drivel, thus, at least to an extent, protecting the academy from
articles like Mary Ann Glendon, What's Wrong with the Elite Law Schools, WALL ST. J.,
June 8, 1993, at A14. That article queries:
Why is it that the 43-year-old legal educator had no inkling of how unrealistic were
her prescriptions for one of America's gravest social issues? The fact is, by [her] . . .
student days in the 70's, the nation's elite law schools were increasingly exalting theory
over practice, and judicial decision-making over ordinary politics.
A growing disdain for the practical aspects of law, a zany passion for novelty,
all contribute to a relatively homogeneous political culture within the cloister.
Id. Nonetheless, such informal "testing" does smack of both "sociology and the law" and
a throwback to empiricism (worse yet,flawed empiricism). Concerning the former, I am not
much concerned. Concerning the latter, the "sociology and law" movement deserves its due.
Even though I do not believe it represents the exclusive perspective of law, it has a
contribution to make. For an enlightening book about sociology and law, see ROBERT C.
ELLICKSON, ORDER WITHOUT LAW: How NEIGHBORS SETTLE DISPUTES (1991).

Among

other things, Ellickson states, "In 1981 1 had just finished coauthoring a casebook ... and
had grown vaguely dissatisfied with library-based legal scholarship." Id. at vii. He "decided
to venture out into the world to learn more about how neighbors actually interact with one
another." Id. What he discovered on his sojourn is how unimportant law is in resolving
neighborly disputes. Thus, he is convinced that his findings should affect "how law schools
...should educate their students." Id. There is room for sociology and law in the personal
jurisprudence I am attempting to develop in this Article.
As for the complaint that I am reverting to empiricism and all its known foibles, see David
M. Trubek, Where the Action Is: Critical Legal Studies and Empiricism, 36 STAN. L. REV.
575, 580 (1984). "Many who defend the search for facts and the use of 'empirical' methods
in legal scholarship ... would claim that their interest in factual inquiry derives from
practical concerns, not from an epistemological commitment to positivism or a belief in
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information for those who may in some way "share" the experience. Chaos
Theory charts change from a previous position caused by specific experiences and then analyzes the charted data using nonlinear mathematics. The
results of Chaos Theory have been noteworthy because out of what was
once seen as random and stochastic behavior have emerged complex
patterns.6 Moreover, the mathematical equations that describe these patterns
can generate an endless variety of self-similar patterns that almost, but never
quite, repeat themselves. Astonishingly, these complex patterns may be
generated by iterating rather simple equations ("rules").7
Back up. The concept of iteration is important. Iterating rather simple
nonlinear equations generates complicated patterns of plotted results that
almost repeat themselves. Stated another way, patterns are determined by
simple equations but they are not predictable. In fact, the four basic
characteristics exhibited by the complex systems studied by chaoticians are
(1) nonlinearity; (2) complex forms; (3) sensitivity to initial conditions; and
(4) feedback mechanisms. 8
Nonlinearity means that a small variation in one side of the equation
may result in large results on the other side of the equation. Thus, unlike
linear equations in which small "causes" produce small "results" that may
be mapped (charted) linearly, nonlinear equations may not be mapped on a
straight line. Moreover, nonlinear equations have more than one "right"
solution.9
These complex systems generate complex forms that exhibit "recursive
symmetries between scale levels."'" What this means is, for example, that

determinism." Id. I am one of those "many."
6. See GLEICK, supra note 2, at 81-118, 272; PRIESMEYER, supra note 2, at 181.
7. Iteration simply means repeating a process or calculation using the result of the
operation as a starting point for the next repetition. HAYLES, supra note 2, at 14.
8. Id. at 11-14; cf PRIESMEYER, supra note 2, at 7-19.
9. E.g., HAYLES, supra note 2, at 11. This is further explained in the discussion of
"bifurcation points," infra note 21.
10. HAYLES, supra note 2, at 13. Recursive symmetries between scale, more
poetically: "'And yet relation appears, a small relation expanding like the shade of a cloud
on sand, a shape on the side of a hill."' GLEICK, supra note 2, at 81 (quoting Wallace
Stevens). "Scientifically" these symmetries may be under the umbrella category of "fractal
geometry." Fractal geometry is difficult to describe but beautiful to view. James Gleick
describes it this way: "Imagine a triangle, each of its sides one foot long. Now imagine a
certain transformation-a particular, well-defined, easily repeated set of rules. Take the
middle one-third of each side and attach a new triangle, identical in shape but one-third the
size." GLEICK, supra note 2, at 98. The result of the above transformation is the star of
David. Id. The fun begins when you continually repeat the simple rule. Hint: The next
couple of iterations of the rule look like snowflakes. This illustrates fractal geometry and
recursive symmetries.
The word "scale," however, can infer more complex shapes if the idea of dimensions
is thrown into its mix. "We tend to think of any object that has depth as 'three-dimensional.'
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"turbulent flow can be modeled as [snapshots of] small swirls within larger
swirls ....[Thus] this approach models turbulence through symmetries that
are replicated over many scale levels. The different levels are considered
to be connected through coupling points .... Minute fluctuations can cause
1
the flow to evolve differently . *.
The third characteristic of complex systems is that they are extremely
sensitive to initial conditions. That is, because complex systems are
nonlinear, small changes in cause may have large effects. Professor N.
Katherine Hayles compares this sensitivity to bowling where balls "thrown
in nearly identical ways can nevertheless follow very different paths."' 2
The final characteristic is the existence of feedback mechanisms that
"create loops in which output feeds back into the system as input."" So

Mathematically, this is not true.... A true three-dimensional object is a solid; that is, the
object has no holes or gaps .... " EDGAR E. PETERS, CHAOS AND ORDER IN THE CAPITAL
MARKETS 55 (1991) [hereinafter PETERS, CHAOS AND ORDER]. Therefore, for example, a
crumpled two-dimensional piece of paper is not a solid three-dimensional object but, rather
has a dimension of between two and three-say 2.75 (a fractal). It is using this fractal idea
that results in the generation of nature-like topography and it also may be used to "make
sense" out of what otherwise seems to be randomly plotted points in a three-dimensional
space. This fractal dimension will tell us (show us) how the shape fills a space. Id. at 60.
It is the "degree of roughness" or of "irregularity" of fractal geometry that may oftentimes
represent a recurrent symmetry across size scales. GLEICK, supra note 2, at 98. Illustratively
when a line of ink is drawn on paper "and scrutinized with fractal mathematics it is actually
made up of bizarrely fluctuating ink wrinkles. The deeper ...[the line] is analyzed ...[the
more complex the wrinkles become]." Garrett, supra note 4, at 1; see GLEICK, supra note
2, at 97 (illustration using a ball of twine).
One application of fractal geometry is the analysis of electrocardiograms of the human
heart where it has been discovered that "the normal heartbeat is chaotic, and the route to
sudden death is the loss of fractal behavior." Id. The use of what electrocardiograms and
Chaos might tell us about mental states is also being studied. See Daniel Pendick, Chaos of
the Mind, 143 SCI. NEWS 138 (1993). Dr. Ary Goldberger was the first "fractologist" to join
the Harvard Medical School faculty. Humorously, he is reported to have said: "Until I came
to Harvard my colleagues didn't know what a fractologist was ...but they were pretty sure
it was something that involved a glove." Garrett, supra note 4, at 1.
For stunning photographs and illustrations of fractals, see JOHN BRIGGS, FRACTALS: THE
PATTERNS OF CHAOS (1992); MICHAEL McGuIRE, AN EYE FOR FRACTALS: A GRAPHIC AND
PHOTOGRAPHIC ESSAY (1991). One can see easily a bridge between physics and the visual
arts in fractal geometry. Although there is no discussion of Chaos, those desiring to explore
the link between physics and art may wish to consult LINDA D. HENDERSON, THE FOURTH
DIMENSION AND NON-EUCLIDIAN GEOMETRY IN MODERN ART (1983); JOHN A. RICHARDSON, MODERN ART AND SCIENTIFIC THOUGHT (1971); LEONARD SHLAIN, ART & PHYSICS:
PARALLEL VISIONS IN SPACE, TIME AND LIGHT (1991).
11. HAYLES, supra note 2, at 13. See the discussion of bifurcation points, infra note
21.
12. HAYLES, supra note 2, at 14.
13. Id.
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far in our discussion the feedback mechanism is provided by the process of
reiteration. Reiteration simply means the result of the last "experience" is
the starting point (or is fed back) into the next experience. In counting by
twos, for example, the result of one experience (let's say 4) is the beginning
of the next (which is 6; 4+2).
These four characteristics-nonlinearity, complex forms, sensitivity to
initial conditions, and feedback-all help explain the visual representation
of Chaos as plotted on a two- or three-dimensional graph. The characteristics describe and begin to explain the pattern that emerges in the graph,
which is really charting the history of the experience of the system. This
picture, however, is static. 14 What happens when this static picture is
turned into a movie? "We see it... [as] a stream of cigarette smoke that
breaks up in whirls of smoke and dissipates ...[as] put[ting] cream in our
coffee ... [and we see it in] boiling water."" In short, the picture of
Chaos can be seen as a single frame of a movie entitled something like
"Complexity: The Study of Turbulence."
The mental picture generated by the word "turbulence" is important not
only because it captures the dynamic of complexity but also because it is a
starting point in understanding the term "attractor." Once we have a basic
understanding of attractors, we can begin to appreciate the excitement
generated by Chaos that has led some scientists to call it "a new science"
or a "scientific revolution."' 6
Recall that nonlinear equations have more than one solution. In fact,
"[t]here are usually multiple-and perhaps infinite-solutions. As in real
life, there are many possibilities."' 7 When all these solutions are graphed
they may seem to swirl and bunch in all sorts of patterns.' 8 Some threedimensional graphs resemble natural topography and appear to have peaks,
valleys, and ridges. Somewhere within this topography is an attractor. An

14. See PETERS, CHAOS AND ORDER, supra note 10, at 133.
15. Id. at 134.
16. F. David Peat, Ph.D., states in the introduction of his book: "This book is about
a new science of the universe. It reveals a vision in which mind and matter, subjectivity and
objectivity, are unified into a single whole in which every cell and atom within our bodies
participate in the same creative process as the human mind and spirit." F. DAVID PEAT, THE
PHILOSOPHER'S STONE: CHAOS, SYNCHRONICITY, AND THE HIDDEN ORDER OF THE WORLD

1 (1991). Of course, the use of the term "synchronicity" in Peat's book title conjures Carl
Jung's "theory of synchronicity" wherein he proposed the subconscious weaving of
experience and "meaning." See SHLAIN, supra note 10, at 24.
George Cowan, Ph.D., and a founder of the Sante Fe Institute, believes the allied
sciences of Chaos are "the sciences of the twenty-first century." WALDROP, supra note 2,
at 13. Further, Gleick notes the deep belief of early Chaos researchers: "Articles on chaos
from the late 1970s onward sounded evangelical, from their preambles to their perorations."
GLEICK, supra note 2, at 39.
17.

PETERS, CHAOS AND ORDER, supra note 10, at 136.

18.

See id. at 137.
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attractor may be a point, or a pattern itself, but it explains the graphical
representation of the system's behavior. 19 An attractor might be thought
of as a type of magnetic attraction that causes plotted points to array themselves a certain way (like patterns caused by sprinkling metal filings around
a bar magnet). The pattern caused by the attractor, however, might be much
simpler. For example, the pattern might be a jagged line that looks like the
movement of the stock market or of the price of cotton over time.20 In
high order complexity, any type of pattern is barely discernible and the
system approaches almost true randomness.2
This variety reflects the

19. See GLEICK, supra note 2, at 233; PETERS, CHAOS AND ORDER, supra note 10,
at 137.
20. See, e.g., GLEICK, supra note 2, at 85-86 (cotton futures); PETERS, CHAOS AND
ORDER, supra note 10, at 81-105 (stock market).
21. PRIESMEYER, supra note 2, at 17. Further:
Low-level chaos emerges when a system adheres to a simple attractor; low-level
chaos is constancy, stability. Higher-order chaos follows a more complex attractor,
resulting in some form of periodic oscillation. What must be the nature of an attractor
that is capable of producing random-appearing behavior? It must be strange.
Id. at 23. The name "strange attractor" stuck and has even made its way into popular
culture. See MICHAEL CRICHTON, JURASSIC PARK 73 (1990) (the chaotician character Ian
Malcomb uses the term "strange attractor").
Another important term in Chaos that relates to the level of Chaos is "bifurcation point"(sometimes referred to as a "decision point"). Using the landscape of fractal geometry,
which is nothing more than the landscape generated by a nonlinear equation, see supra note
10, a "bifurcation point" has been described this way:
Close to a normal attractor, we can perturb a system and have it always return to its
limit cycle or limit point. But push it too far up a mountain, and it may reach a ridge
or peak, a critical region in which the system faces a decision: It can either fall back to
its limit cycle or roll down the other side of the mountain into some. . . new region of
behavior ....
PEAT, supra note 16, at 201.
Mathematically, Chaotic (Complex) systems also exhibit "period doubling" behavior which
is related to bifurcation. Let us assume the nonlinear equation x' = rx (l-x) where r is a
parameter. (For example, a growth rate for a population). The value of the parameter r can
be varied. Ecologists discovered the following:
Where the parameter is low,. . . the population becomes extinct [the line representing
the population drops to zero]. As the parameter rises, ... so does the equilibrium level
of the population. Then, as the parameter rises further, the equilibrium splits in two,
just as turning up the heat in a convecting fluid causes an instability to set in; the
population begins to alternate between two different levels [a uniform zig-zag]. The
splittings, or bifurcations, come faster and faster [as the parameter - r - continues to be
increased]. Then the system turns chaotic,.. . and the population visits infinitely many
different values.
GLEICK, supra note 2, at 71.
The foregoing discussion at least hints at how fractal geometry and bifurcation points are
related. In the quote from Gleick, if the equation generated a three-dimensional landscape
it would be in the process of becoming a less uniform landscape. Id.
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number of possible solutions to the underlying nonlinear equations that
determine the pattern.
The beauty of all this is that each plotted point reflects a possible
solution but the outcome of any given iteration (the next point to be plotted)
may be any one of the multiple solutions to the nonlinear equation. In a
two-solution equation this means the solution could be "this" or "that." In
turn the third point in the series will be generated by starting at the second
point and, therefore is extremely sensitive to that starting point (the initial
conditions). In summary, the patterns caused by complexity are deterministic yet unpredictable. 2 Moreover, the location of the next future point
depends, in part, on where the last point was actually located (and, further,
where the point before the last point was located). Therefore, the idea of
sensitivity to exact initial conditions takes into account the history of the
system. That is, the system may be seen as evolving and any given starting
point may be seen as having embedded historical information-or memory-of where it has been.
The next section of the Article will explain how complex systems may
be determined by simple rules and it will further discuss the idea of memory
within the context of brain science. The following part of the Article will
also return to the idea of evolution within a complex system. Before getting
to those topics, however, we may state our first metaphor-the analogy
between pure Chaos Theory and the common law-an analogy that has
already been suggested by others.23
Glenn Harlan Reynolds describes Chaos and Complexity "as used by
scientists, means order masqueradingas randomness"24 and Andrew Hayes,
adopting the jargon of Chaos, concludes:
To begin with the spatial metaphors, the chaos theory of law posits a legal
system that exists on a complex plane of legally relevant facts in a fractal
pattern of infinite detail. This fractal pattern is generated by mapping legal
principles and legally relevant facts to reach specific results in cases.25

22. 1 am quite aware that, on one hand, "determinism" is to be avoided in most legal
research because it can smack of positivism. For example, the Critical Legal Studies School
of Jurisprudence generally abhors both positivism and determinism. See generally Trubek,
supra note 5, at 580 (overview of Legal Studies School). The brand of determinism in
Chaos, however, is of a different ilk because it is unpredictable. See Robert Huckfeldt,
Structure, Indeterminacy and Chaos: A Case for Sociological Law, 2 J. THEO. POL. 413
(1990).
23. See Andrew W. Hayes, An Introduction to Chaos and Law, 60 UMKC L. REV.
751 (1992); Glenn H. Reynolds, Chaos and the Court, 91 COLUM. L. REV. 110 (1991).
24. Reynolds, supra note 23, at 112 (noting that Chaos has been found in "all sorts
of settings, from the collisions of a few molecules trapped in a vacuum jar, to the Great Red
Spot of Jupiter, to the rhythm of the human heartbeat").
25. Hayes, supra note 23, at 765 (footnotes omitted).
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Using the four characteristics of Chaos as reference points, one
similarity between Chaos and the law is that even though the outcome of
any given legal case is unpredictable, cases do develop trends and patterns.
In this context therefore, any given case may be seen as a "coupling point"
which may evolve into a new trend. Further, case outcomes are unpredictable even though the results (at least in theory) are generated by the
application of relatively simple legal principles or "rules" to a given set of
facts, and the importance of facts can be analogized to initial conditions to
which chaotic systems have extreme sensitivity. Moreover, a legal rule
itself is but a historical data point in which prior case law is embedded.
Thus pure Chaos Theory seems to hold promise as an enormously useful
metaphor for understanding the common law. I'll return to this metaphor
later in attempting to fold both the Constitution and legislation into the
chaotic legal mix. Next, however, it is helpful to explore the allied
disciplinary study known as Brain Science to develop a better understanding
of Chaos through the concept of emergence.
II. BRAIN SCIENCE: NETWORKS, CHAOS,
EMERGENCE, AND THE LAW

Congress, the White House, and the Supreme Court are things-at least
each of them can be physically located in space and time. The government, in contrast, is quite another category altogether. It is, in fact, a
supercategory [within the brain] which describes the interactions of the
other three.
RICHARD

M.

RESTAK,

M.D.26

[T]he unhealthy brain [is] "mode-locked," or rigid. "It's like a lynch mob"
.... "In a lynch mob all the people who usually behave as individuals
suddenly ... all start thinking alike, and they become ugly. It's a loss of

chaos, which is also a loss of wisdom."
ARNOLD MANDELL, M.D.27

A. Thinking Like a Lawyer, Logic, and Chaos
The phrase "thinking like a lawyer" is replete in the literature of legal
education and has probably risen to the status of law school lore.28
26. RICHARD M. RESTAK, THE BRAIN: THE LAST FRONTIER 19 (1979) (paraphrasing
philosopher Gilbert Ryle).
27. Garrett, supra note 4, at I (quoting Dr. Mandell).
28.

See, e.g.,

RUGGERO J. ALDISERT, LOGIC FOR LAWYERS: A GUIDE To CLEAR
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Whatever else that phrase means, it at least seems to be intended to
encapsulate the work done by lawyers and judges. It also seems that the
process of thinking like a lawyer might somehow reflect the law itself.
What is thinking like a lawyer? Judge Ruggero J. Aldisert explored the
subject by noting that in preparing his book on legal logic he "trudged
along, photocopying an article or a book excerpt here and there, ... and
relating my academic research to ideas accumulated from my experience as
a lawyer, trial judge, and appellate judge."" After discussing the statement
that "[l]ogical thought is reflective thinking,"" he identifies and describes
deductive and inductive legal reasoning."
"The classic means of deductive reasoning is the syllogism."32 It
contains a major premise that states what can be seen as a universal truth for
a particular category set (e.g., "All men are mortal.") and is followed by a
minor premise that states one element contained within that set (e.g.,
"Socrates is a man."). The minor premise, in turn, is followed by a
conclusion (e.g., "Therefore, Socrates is mortal."). 33 In deductive logic
there is a necessarily true connection between the major and the minor

LEGAL THINKING
MACHINE,

AND

(Lawyers Prof. Dev. Series ed. 1992);
METAPHOR:

AN

ESSAY

ON

ALEXANDER E. SILVERMAN, MIND,

ARTIFICIAL

INTELLIGENCE

AND

LEGAL

(1993); Alan D. Hornstein, The Myth of Legal Reasoning, 40 MD. L. REV. 338,
339 (1981). I find it interesting that other professions have their own versions of "thinking
like a lawyer." For example, Donald A. Sch6n quotes an architectural design instructor as
coaching a student to "[t]hink architecturally." DONALD A. SCHON, EDUCATING THE
REASONING

REFLECTIVE PRACTITIONER: TOWARD A NEW DESIGN FOR TEACHING AND LEARNING IN THE

104 (1987).
29. ALDISERT, supra note 28, at x. Judge Aldisert is the former Chief Judge of the
United States Court of Appeals for the Third Circuit and was an adjunct professor at the
University of Pittsburgh Law School for twenty years. Id. at v. Former Associate Justice
William Brennan writes in the Foreword of the book that it explains the "basics of logic and
its application to legal thinking in order to have us understand the mental processes we use
in 'thinking like a lawyer."' William J. Brennan Jr., Forewordto ALDISERT, supra note 28,
at vii, vii.
30. ALDISERT, supra note 28, at 3-3.
31. Id. at 3-3 to 3-6. He also devotes a substantial portion of the book to formal and
material fallacies. Id. at 9-1 to 11-51. Judge Aldisert's basic thesis is that "we might all be
better lawyers ... if we understood the rules of logic" which are inherent in legal reasoning,
even though he recognizes that the formal study of logic is unnecessary for the practice of
law. Id. at 1-3. To illustrate the foregoing he writes, "That an all-pro wide receiver may be
highly gifted does not mean that he has studied the physics of a football's travel through the
air or the physiology involved in running, jumping, leaping, and catching. He just does it...
. Similarly, many individuals have natural logical instincts... " Id. at 3-1. That is, lawyers
use logic even if they do not recognize it as such or do not apply it in any formal way,
32. Id. at 4-2 (emphasis omitted). "The syllogism traces its ancestry to mathematics."
Id. at 5-1.
33. Id. at 4-2.
PROFESSIONS
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premise. If the necessary
connection is present then the conclusion must
34
necessarily be true.
Inductive logic however, yields a conclusion that is only probably
true." An example of simple inductive logic is "inductive generalization"
by "enumeration." Judge Aldisert illustrates this kind of inductive logic by
listing six particularstatements in the style of "Adam is a man and Adam
is a mortal." These six particular statements form the logical basis for the
general conclusion that "Therefore, all men are mortal."3 6 The general
statement is only probably true because there are billions of people that
could be substituted as particular statements and if any one of them was not
mortal the generalized statement that "All men are mortal" is not true.37
It is not necessary for the development of this Article to enter the
logicians' fray concerning whether an analogy (a.k.a. metaphor) should be
classified within classical inductive logic. I will simply hold that there are
enough similarities between reasoning by analogy and inductive logic for the
latter to include the former.38 Beyond the matter of the taxonomy of
analogy within formal logic, analogy is an important reasoning technique in
the law. The difference between analogy and generalized induction by
enumeration is that it neither "seek[s] proof of an identity of one thing with
another" nor does it "depend upon the quantity of instances [particulars,] but
[rather] upon the quality of resemblances." 39 An analogy, therefore, finds
resemblances between two models (e.g., cases) and then infers "that some
additional property in one will be found in the other."4 Thus the strength
of the analogy is only as strong as the resemblance of relevant portions of
the two models.4 '
Interestingly, Judge Aldisert provides evidence that the common law
does reflect the logic of thinking like a lawyer by stating first: "Inductive
generalization underlies the development of the common law. From many
specific [particular] case holdings, we reach a generalized proposition....
In generalization by enumeration, we can say that the larger the number of

34. Id. at 4-5. This is a very elementary review of logic. For example the "medium
of comparison" between the major premise and the minor premise is the "middle term." The
middle term does not appear in the conclusion. Id. at 5-1. In the example in the text (which
is a classic) the middle term is "man" or "men."
35. Id. at 4-6.
36. Id.
37. Id.
38. See id. at 4-6 to 4-7. Moreover, an important recent book on induction includes
analogies within the scope of its coverage. See JOHN H. HOLLAND ET AL., INDUCTION:
PROCESSES OF INFERENCE, LEARNING, AND DISCOVERY 287-319 (1986). John Holland is a
computer scientist associated with the Sante Fe Institute. WALDROP, supra note 2, at 224.
39. ALDISERT, supra note 28, at 6-4.
40. Id.
41. Id. at 4-7.
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42

specific instances, the more certain is the resulting generalization.
And
second, "If reaching a conclusion by enumeration has the benefit of experience, reaching a conclusion by analogy
has the benefit of the high degree
43
of similarity of the compared data.

The two statements together could be seen as indicating the characteristics of Chaos Theory. First, any given "new case" will be sensitive to its
initial conditions. That is, the facts of the new case will be analogized to
previous cases. Moreover, the holding of one case may serve as a particular
statement in later generalization inductionby induction through enumeration.
Once the number of particular statements (cases) is "large enough" (how
ever many that is), the generalization (a legal principle) may be used as the
major premise in classic deductive reasoning. This major premise may be
viewed as the initial condition of the law. The initial condition of the law
(the generalized legal principle), however, has a complex history embedding
not only the holdings of the prior particular cases, but also the opinions that
include both facts and rationale. Thus, like the weather, it may be difficult
to measure the initial conditions of the law with enough precision and
accuracy to ever predict the outcome in a new "difficult" case." Moreover, the initial position of the law establishes but one coordinate (or
dimension) of what probably is a multidimensional representation, including
such things as the values of the judge and the general political attitudes of
the country.45 Further, because the principle serves as the starting point for
the next case, and because the next case will also be decided by applying
similar reasoning, there is iteration.46
Additionally, Judge Aldisert's two statements also seem to provide for
a sort of self-similarity of scale both among principle-specific cases, in
which a developed principle is applied, and across all cases, because
opinions exhibit similar types and use of logic regardless of what legal
principle is applied.47 There is also a hint of nonlinearity in the state-

42.

Id. at 6-3.

43.

Id. at 6-4.

44. The illustrative use of weather has historical significance for Chaos because one
of the pioneers in the field was Edward Lorenz, a research meteorologist at the Massachusetts
Institute of Technology. He first noticed Chaotic behavior in 1961. See GLEICK, supra note
2, at 11-31. The behavior he noticed was called the "butterfly effect" because the plotted
image looked like the spread wings of a butterfly. Weather also serves as a good illustration
for the chaotic characteristic of sensitivity to initial conditions because the "butterfly effect"
has taken on another meaning, that "weather systems are so sensitive that the flapping of a
butterfly's wings can [ultimately] change ... [the] weather." PEAT, supra note 16, at 199.
45. Once the number of dimensions is increased beyond three we have no means of
illustrating the results. Nonetheless, more than three dimensions may be represented
mathematically. See MORRIS KLINE, MATHEMATICS FOR THE NONMATHEMATICIAN 275-78
(1967).
46. See supra note 7 and accompanying text.
47. See supra notes 10-11 and accompanying text.
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ments. In the very simplest case the holding must be for either plaintiff or
defendant. Therefore, the "equation" of legal logic has at least two
"correct" (read reasonable) answers. A closer look at any opinion, however,
will probably reveal holdings on multiple issues each of which may be
decided for either plaintiff or defendant. Metaphorically, looking more
closely at the opinion is like looking more closely at the line of ink on
paper: More "wrinkles" become apparent. Furthermore, the holding on any
issue, or in any case may represent a "coupling" or "bifurcation" point that
starts a new judicial trend, by either creating another particular statement to
strengthen a generalization for induction by enumeration or by serving as a
new basis for analogy."
Thus, from the application of relatively simple "deterministic" rules the
judiciary generates Chaos which appears to the nonchaotician as
stochastic. 9 Unfortunately for purposes of analysis, the law is not even
that simple because neither judge nor jury are automatons. Indeed, both
judges and juries have brains and use logic only as a decision-making tool
and "[o]ften, more than one rule suggests itself as precedent; more than one
principle arguably applies. Here, value judgments play a major part in the
development of the common law."5
B. Artificial Intelligence, the Brain, Networks, and Chaos
1. Artificial Intelligence
What role does classic logic actually play in human thinking? Although
research in artificial intelligence (AI) is undertaken for a number of
purposes, it may be generally defined as an "attempt by computer scientists
to model or simulate intelligent behavior on computers."'" One particular
purpose of artificial intelligence research is to understand better how the
human brain functions and, therefore, it may lead to a better understanding

48.
49.
50.

See supra note II and accompanying text.
See ALDISERT, supra note 28, at 2-7 to 2-8.
Id. at 2-11.
51. SILVERMAN, supra note 28, at 3; see also Edwina L. Rissland, Artificial
Intelligence and Law: Stepping Stones to a Model of Legal Reasoning, 99 YALE L.J. 1957,
1958 (1990) (discussing the developments in artificial intelligence and law over a twenty-year
period). Classic logic is probably an example of convergent thinking. As recently stated by
Howard Gardner, an education theorist:
The key idea in the psychologist's conception of creativity has been divergent
thinking. By standard measures intelligent people are thought of as convergers-people
who, given some data or a puzzle, can figure out the correct (or at any rate, the
conventional) response. In contrast, when given a stimulus or a puzzle, creative people
tend to come up with many different associations, at least some of which are
idiosyncratic and possibly unique.
HOWARD GARDNER, CREATING MINDs

20 (1993).
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of the role logic plays in "thinking like a lawyer." In this context Al can
be divided into two schools: "weak psychological Al" and "strong
psychological Al." Weak psychological AI uses computer models to
investigate the brain metaphorically (by analogy), while strong psychological
AI approaches the task by actually assuming that the brain is a computer
and, therefore, may be duplicated." Both AI research schools, however,
use similar kinds of research approaches. Mainstream approaches include
both classical and connectionist. Other53 approaches, not yet in the mainstream, are the fuzzy and interactionist.
The classical approach models cognitive thought using both deductive
and inductive reasoning. They use structured information "that can be
formalized as rules or at least as explicit propositions or statements. 54
They also run serially, that is, one step at a time (much like thought is
modeled by formal logicians). Thus, "[c]lassical approaches model or
mimic cognitive phenomena that occur in humans on time scales of one

52. Lawrence B. Solum, Legal PersonhoodforArtificial Intelligences, 70 N.C. L.
REV. 1231, 1231 n.2 (1992). There are several proposed tests for determining whether a
machine has attained artificial intelligence. One of the tests is the "Turing Machine test."
Thus far these tests have only been used as philosophical questions because Al has not
developed enough to actually need the tests.
The Turing Machine test involves three participants, two people and a computer. Each
participant is in a sealed room out of the sight of the others (kind of like a television game
show). One person, the interrogator, would ask written questions of the other two
participants and the participants respond by writing answers. The computer would be
deemed to have intelligence when the interrogator is unable to determine whether the answers
are coming from the computer or the person. That is, the successful computer so mimics
human responses that it appears to be an intelligent human. See, e.g., JOHN HAUGELAND,
ARTIFICIAL INTELLIGENCE: THE VERY IDEA 6 (1985); ROGER PENROSE, THE EMPEROR'S
NEW MIND: CONCERNING COMPUTERS, MINDS, AND THE LAWS OF PHYSICS 5-11 (1989).
Roger Penrose is the Rouse Ball Professor of Mathematics at the University of Oxford.
Penrose goes further in proposing a test for human-like consciousness by telling a fable
about a computer presented to the people of a country as being even better than a human.
The people are invited to test the machine by asking it questions. Everyone is impressed
until a little boy stumps the computer by asking, "How do you feel?." Id. at 1-2, 451. See
generally id. at 447-49 (concluding that "the conscious mind cannot work like a computer").
53. SILVERMAN, supra note 28, at 3.
54. Id. at 4. Professor Martinez generally describes cognitive science as follows:
"Cognitive science posits that we use mental models to obtain, process, and retain
information. The insight of cognitive science is that meaning is in large part a function of
things we already know. These things are method constructs ... [and] may be expressed in
visual terms ... or in conceptual terms .... " John Martinez, A CognitiveScience Approach
to Teaching Property Rights in Body Parts, 42 J. LEGAL EDUC. 290, 290-91 (1992)
(footnotes omitted).
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second or more."55 The computer employing the classical approach relies
on "book knowledge" and raw calculational power to perform its tasks. 6
Expert systems are good examples of classical computers. They have
a known data base (or memory) and logically process information. Many
expert "chess playing" computers, for example, use the classical approach.
The data base of these computers contain the rules of chess and they project
the ultimate outcome of the match by playing out the possible implications
of each move. In other words, "the computer's decisions are made on the
basis of precise and rapid extended computations.
Some expert chess computers have performed impressively, approaching
the skill level of an International Master.58 When a long time period is
allowed for play, however, humans tend to do better than the machines,
perhaps because slow conscious human assessments "serve to cut down
drastically the number of serious possibilities that need be considered...
and much greater depth can be achieved in the analysis ... than [a]
machine's simpl[e] calculati[on] .. .without using [human] judgement.""
The classical approach to Al applied to law has been criticized, just as
classic logic applied to law has been attacked as "mechanical jurisprudence,"6 because it lacks the capacity to make value judgments. On the
other hand, the classical approach to Al does illustrate and explore the legal
assumptions inherent in the "law as science" school of jurisprudence
championed by Christopher Langdell. 61 Moreover, classical Al program-

55. SILVERMAN, supra note 28, at 4.
56. PENROSE, supra note 52, at 13.
57. Id.
58. Id. The computational time required for a computer to calculate "all possible
rejoinders" of a chess move is staggering. Calculating 25 moves ahead on a very fast
computer would take 1069 seconds. "[T]o put that figure into perspective, the total length of
time since the Big Bang Theory concerning the origin of our solar system is put at a modest
10 8 seconds!" RESTAK, supra note 26, at 179.
59. PENROSE, supra note 52, at 13.
60.
The term mechanicaljurisprudence was coined by Pound (1908). In Al language,
it has come to mean a view of law as axioms and legal reasoning as deduction. On this
view law is sometimes analogized to mathematics. Holmes, for example, remarked that
"judicial dissent often is blamed, as if it meant simply that one side or the other were
not doing their sums right, and, if they would take more trouble, agreement inevitably
would come."
ANNE VON DE LIETH GARDNER, AN ARTIFICIAL

INTELLIGENCE APPROACH TO LEGAL

REASONING 19 (1987) (quoting Oliver W. Holmes, The Path of the Law, 10 HARV. L. REV.
457, 465 (1897)); see ALDISERT, supra note 28, at 2-7 to 2-11.
61. See GARDNER, supra note 60, at 20 ("Langdell invoked not Blackstone's idea of
custom but an analogy to the laws of science ....").Nonetheless, the classical approach
has proved beneficial for use in some "expert systems" like the TAXMAN program. Id. at
78-81. TAXMAN is also briefly discussed in SILVERMAN, supra note 28, at 16-21.

HeinOnline -- 61 Tenn. L. Rev. 948 1993-1994

TAO OF JURISPRUDENCE

1994]

ming is done in word symbols and it assumes "thinking" is a matter of
"language and abstract reasoning."62 Other approaches do not share this
assumption.6 3
If the hallmark of the classical approach is structured knowledge, then
the hallmark of the connectionist approach is unstructured knowledge.
"Connectionist systems store information by altering the strengths of the
connections between the units" and act in parallel (concurrently), rather than
in serial (one step at a time).' Moreover, it is possible for a connectionist
system to learn from "supervised learning" (examples) or "unsupervised
learning" .(experience).65 Most learning in these systems, however, is
supervised learning (back propagation) 66 in that the machine requires
human input or feedback in order to learn. That is, the computer must be
trained, it cannot learn on its own.67
Unlike classical systems,
connectionist systems "model or mimic cognitive68phenomena that occur in
humans on time scales of less than one second.
To form a useable connective network in which to vary the strength of
connections requires a far different kind of memory than does the classic
approach design. Rather than a mailbox kind of memory function, where
data is simply "listed" and reread by the computer, the connectionist system
has a knowledge function that recalls a network of connections between data
locations. The connectionist system, therefore, is a system of geometric
network connections working together in a programmed way. The
connectionist system learns by constructing a functioning network based on
a data training set. It then attempts to solve novel sets (problems) by
sampling its existing network connection functions to find the best abstract
fit. 69 The functions are mathematical rather than language oriented because
the networks may be described geometrically7" and its "prototypical
applications [as would be expected] are in holistic pattern-matching
problems"'" reminiscent of the use of analogy in logical human reasoning.
The other two approaches to Al are newer. The first is the "fuzzy
approach" and the second is "interactionism." Fuzzy logic is "[o]ne of the
[currently] hottest software topics"'7 2 and its "prototypical applications are
in real-time control systems 7 3 like automobile cruise controls.74 It may
62.
63.
64.
65.
66.
67.
68.
69.
70.

SILVERMAN,

supra note 28, at 29.
Id.
Id. at 4.
Id.
Id. at 10.
Id.
Id. at 4-5.
Id. at 5.
See GARDNER, supra note 60, at 75;

71.

SILVERMAN, supra note 28, at 15.

72.
73.

PETERS, LIBERATION MANAGEMENT,
SILVERMAN,

SILVERMAN,

supra note 28, at 4-5.

supra note 3, at 109.

supra note 28, at 15.
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also use underlying connectionist kinds of architecture. The fuzzy part of
any system however, is language-based (verbal) rules rather than mathematical designations. The unique fuzzy characteristic is that the rules state their
premises, conclusions, and particular statements in imprecise ways.
Therefore, a fuzzy system might very well use a number of contradictory
logic sets or partial logic sets in solving a problem, unlike the classic
approach which requires an identity match between the set and the
problem."
The other new approach is called "interactionist Al." It can best be
described as moving the locus of intelligence "out of the head" and into "the
world. ' 76 Rodney Brooks at MIT's Artificial Intelligence Laboratory
states: "'It is soon apparent, when "reasoning" is stripped away as the prime
component of a robot's [a moving computer's] intellect, that the dynamics
of the interaction of the robot and its environment are primary determinants
of the structure of its intelligence.' ' 77 Conceptually, how does that work?
As I understand it, the system is a minimalist system with very few controls.
For example, assume that the robot has been programmed to follow three
simple rules: (1) avoid collisions with other objects; (2) move toward any
detected movement; and, (3) move for thirty seconds then stop for ten
seconds. Assume also that the chronological order is the command
hierarchy from strongest to weakest. The behavior of the robot will be to

74. Tom Peters uses the example of automobile cruise control to illustrate
applications of fuzzy logic, stating that in operation it will "anticipate and smooth out the
control process ...

(In other words, the cruise controllers 'product' . . . will now more

closely mimic the human driver's ability to anticipate tiny changes)." PETERS, LIBERATION
MANAGEMENT, supra note 3, at 109-10. For a more complete discussion of fuzzy logic, see
Bart Koska & Satoru Isaka, Fuzzy Logic, Sci. AM., July 1993, at 76. They state:
At the heart of the difference between classical and fuzzy logic is something Aristotle
called the law of the excluded middle. In standard set theory, an object either does or
does not belong to a set ....
This principle preserves the structure of logic and avoids
the contradiction of an object that both is and is not a thing at the same time.
Id.
Fuzzy logic applications "break the law of the excluded middle" by allowing items to
belong partiallyto more than one set. Id. Thus, the "air can be 20 percent cool-and at the
same time, 80 percent not cool" (like law professors!) and adjusts inputs accordingly. Id.
A computer control system using fuzzy logic now operates the Sendai subway in Japan and
fuzzy logic is behind video cameras that correct for an unsteady hand. Id. at 78-79.
75. SILVERMAN, supra note 28, at 14-15.
76. Id. at 25.
77. Id. (quoting Rodney A. Brooks, Intelligence Without Reason, in I IJCAI-91:
PROCEEDINGS OF THE TWELFTH INT'L JOINT CONF. ON ARTIFICIAL INTELLIGENCE 584 (John

Myulopoulos & Ray Reiter eds., 1991)). "Brooks self-consciously avoids trying to model
human intelligence. He states that Al researchers should learn from ... nature. In nature,
insect intelligence preceded human intelligence ...
Id. at 27. Therefore he models insect
rather than human intelligence. Id.
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wander about the room and follow anybody who passes by. On the other
hand, the robot will move away from a person moving toward it because of
the primacy of the collision avoidance command.78 This illustrates that
simple rules can generate complicated behaviors. It also illustrates the
important role that interaction with the environment plays in generating
behavior. If the robot is placed in the middle of an abandoned Air Force
tarmac, for example, its behavior would be exceedingly simple and largely
unremarkable. It would move for thirty seconds and stop for ten seconds.
Thus, it is the interaction (or reaction) of the robot with its environment that
makes its behavior interesting.
"Shakey," a robot built in the 1960s, was designed to identify and
retrieve empty soda cans in an office.7 9 Shakey used only a few simple
rules, which led Daniel C. Dennett to observe:
Several features of this process are important to us. First, each
subprocess is "stupid" and mechanical. That is, no part of the computer
has to understand what it is doing or why, and there is no mystery about
how each of the steps is mechanically done. Nevertheless, the clever
organization of these stupid, mechanical processes yields a device that
takes the place of a knowledgeable observer."0
The design of the optical features used in some robots is also instructive
because the vision may "emerge" from the marriage of two simple and
unreliable routines (subprograms or rules).8 ' The rules are (1) detect
motion (the motion detector rule) and (2) "pick out the image of an object
in the vicinity of the motion detected by the first [rule]" (the object-tracker
rule).82 "The object-tracker routine often loses the object, and the motion
detector routine is noisy [i.e., there is a lot of motion in the typical office
including plants waving in the breeze of an air conditioner], but usually one
routine succeeds where the other fails, and together, the two routines permit
the robot reliably to follow moving objects, even in poor contrast conditions. ' 83 The operation of these tandem vision rules is somewhat similar
to the operation of a fuzzy system and may help explain the common law
by illustrating that the interaction of two relatively unreliable (unpredictable)
rules coalesce into a system that bumps along from case to case modifying
its "behavior" as it goes.

78.

Id. at 28-29.
DANIEL C. DENNETr, CONSCIOUSNESS EXPLAINED 85 (1991).
Dennett is a
Professor of Philosophy and the Director of the Center for Cognitive Studies at Tufts
University.
80. Id.at 91.
81. SILVERMAN, supra note 28, at 27.
82. Id.
83. Id.

79.

HeinOnline -- 61 Tenn. L. Rev. 951 1993-1994

TENNESSEE LAW RE VIEW

[Vol. 61:933

The other kinds of Al approaches seem to mimic different types of legal
behavior. The classic approach emphasizes logic and, with this emphasis,
suffers from the same criticisms as logico-centric legal approaches.
Nonetheless, law does seem to include an element of classic logic as
evidenced by, among others, the writings of Judge Aldisert. The other
approaches stress the idea of the interrelationship of the computer's internal
knowledge and its relationship with the outside world. The connectionist
approach is still "mechanical" and both the fuzzy and interactionist
approaches lack any kind of true logic ability. This lack of logic is a flaw
for mimicking law to the extent that law includes an element of logic.
Moreover, and most importantly, none of the approaches as described is
really capable of learning by experience. That is, the value judgment
component of law is absent in these systems, and the tasks performed are
not as language intense as the law, even though several of the approaches
do use language.
Commenting on the place of deductive logic in the law, Oliver Wendell
Holmes said, "The actual life of the law has not been logic; it has been
experience. 8 4 The connectionist approach does hold potential for learning
from experience.8 5 The linchpin in the connectionist approach to machine
learning is the existence and strength of connections between small units of
knowledge distributed across the system. To learn from experience, the
machine must be able to allocate different strengths (values) to unique
connections. The machine must also be capable of forming new connections
(associations) between units of knowledge. 6 Such ability would enable it
to select the strongest connections to inductively match a new situation or
problem to existing connections of knowledge.87 In other words, the

84. OLIVER W.
note 28, at 12-7.

HOLMES, THE COMMON LAW I

(1881), quoted in ALDISERT, supra

85. For an introduction discussion of the connectionist approach, see infra notes 122128 and accompanying text.
86. See generally Peter Wayner, Genetic Algorithms: Programming Takes a Valuable
Tip from Nature, BYTE, Jan. 1991, at 361-68 (discussing how computer programming can

study nature's breeding patterns to discover ways to program computers to learn to solve
problems).
87. For a thorough, although rather technical, discussion of computer learning in

connectionist systems, see HOLLAND ET AL., supra note 38, at 68-101. One book describes
the methods of computer learning as: (I) learning by being programmed; (2) learning by
being taught; (3) learning from experience; and, (4) learning by discovery. WILLIAM R.
ARNOLD & JOHN

S. BOWIE, ARTIFICIAL

INTELLIGENCE: A

PERSONAL COMMONSENSE

JOURNEY 148-51 (1986). The authors describe learning by being taught as follows: "With
this method, the teacher [programmer/interfacer] presents the information to the student; but
unlike learning by being programmed, the student is responsible for assimilating the
information into his own knowledge base." Id. at 149.
In learning from experience the computer must "remember past experiences," and most
computers do not have this kind of memory. Id. at 150. Basically, learning by experience
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computer adapts to fit a new situation or problem to a new connection and
feedback reinforces the connections of successful adaptions.8 s
To enable a connectionist computer to learn from experience, there must
be a mechanism for allocating strength between connective networks, as well
as for directing the program to form new associations. A very promising
"something" has been dubbed the "genetic algorithm."' 9 This somewhat
intimidating term simply means "a step-by-step procedure to accomplish
some end" 90 that somehow resembles the biological process of "heredity."91 Moreover, the term "gene" implies that this process performs a
control function. Another similar control and strength allocation mechanism
is the "bucket brigade algorithm."92
At a very simple conceptual level the genetic algorithm uses knowledge
stored in simple if-then statements distributed throughout the system. When
the computer encounters a novel problem it attempts to match or fit the
problem to existing connective networks formed as connected strings. If the
problem is solved by an existing network, the algorithm assigns additional
strength to the network so that if it encounters similar future problems it will
start its trial and error matching with the strongest network. Each if-then
statement within that successful network is also strengthened and, further,
each "if" and each "then" portion within the statements so used are
strengthened.
If an existing network does not satisfactorily solve the novel problem,
the computer will recombine strong if-then statements into new networks of
connections and test these new networks as a solution to the problem. If the
new networks do not satisfactorily solve the problem, the computer will start
cross-breeding strong statements to form new if-then statements in an
attempt to find a solution. Finally, if no satisfactory solution is generated
by cross-breeding, the computer tests randomly generated if-then combination solutions. The latter process is analogous to mutation in the biological

"is a continuous process in which existing knowledge is checked against reality for validity
and efficiency." Id. Finally, the authors state, "Learning by discovery is the highest form
of learning and the most difficult to simulate" because, in part, "the jump from old facts to
new conclusions require[s] insight" and Al systems currently do not have the ability to
acquire and hold the broad-based knowledge necessary for many types of insightful
discovery. Id. at 151.

88.

HOLLAND ET AL.,

supra note 38, at 71. See generally John H. Holland & John

H. Miller, Artificial Adaptive Agents in Economics Theory, 81 AEA PAPERS & PROC. 365
(1991).
89. See Wayner, supra note 86.
90. WEBSTER'S DICTIONARY, supra note 3, at 70 ("algorithm"); see PENROSE, supra
note 52, at 17.
91. See WEBSTER'S DICTIONARY, supra note 3, at 510 ("gene").
92. HOLLAND ET AL., supra note 38, at 71-75. See generally id. at 69-101
(discussing machine learning).
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world.93 The end result is that "rules become coupled in complex networks[, and c]lusters and hierarchies of rules emerge. Over time, these
substructures
serve as building blocks for still more complex substruc94
tures.1
Thus, artificial intelligence has made initial progress in its attempt to
create a system that learns from experience. The genetic algorithm
approach, among others, seems promising. The approach also has similarities to the common law system in which cases (analogous to rather
complicated if-then statements) compete for pre-eminence in a problem case
at bar. Strength in the common law is allocated according to the authority
of the court deciding the case (Supreme Court decisions are allocated more
weight than district court decisions), the frequency of citation to the case
(the'development of a trend), and recency of the decision (later cases are
probably stronger than older cases, all other things being equal). Moreover,
if-then statements in a "law computer" could also arise from non-case law
sources like the Constitution, statutes, and regulations, which would also be
assigned strength in the system.
To date I can find no published literature on the application of learning
systems to law. Nonetheless, law has been the subject of nonlearning
systems. The lessons from this research underscore the problems associated
with the law's language intensity and with the construction of a system that
somehow integrates and models the inherent value judgments in law.95
This AT research in law is providing an opportunity, however, to reevaluate and further define what comprises "thinking like a lawyer." As
Anne von der Lieth Gardner states:
Although jurisprudence has traditionally grappled with problems of
legal reasoning, it has not been able [or required] to describe them at the
level of specificity that artificial intelligence and cognitive science strive
for. Armed with new techniques of knowledge representation, procedural
specification, and the like, artificial intelligence researchers now believe
that a more detailed analysis of legal reasoning is possible.96

93. See Wayner, supra note 86, at 363 (discussing mutation).
94. Holland & Miller, supra note 88, at 369.
95. "The law, with its diverse modes of reasoning, provides a rich area for the study
of both human and artificial intelligence .... Cases can be real or hypothetical; rules, wellor ill-formulated; text, free or highly structured. And the reasoning can be deductive,
inductive, or analogical." GARDNER, supra note 60, at xi.
Another commentator has added several Al challenges to Al posed by law: "The law
is self-aware and self critical, and has an established tradition of examining its processes and
assumptions. There is lively debate between proponents of competing jurisprudential
schools." Rissland, supra note 51, at 1961. Further, in law, "answers are much more a
matter of degree than clear-cut yes-or-no and they can change over time." Id.
96. GARDNER, supra note 60, at xi.
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To better understand "thinking like a lawyer" it is next necessary to turn
from artificial intelligence to the human brain itself and describe the role
that Chaos Theory might play in the process of thinking like a lawyer. In
so doing, current theories of consciousness are described. Further, perhaps,
consciousness may assist in determining the role value judgments and
language play in the law. 97
2. Brains and Chaos: The Emergence of Consciousness
Al research is an important aspect of the attempt to understand the
human brain. Other associated disciplines, including psychology (both
behavioral and cognitive), physiology, anatomy, psychiatry, biology, anthropology, philosophy, and chemistry, are also important in studying the brain.
Moreover, medical technology and engineering promise further progress in
the near future. 98 In part because of this promise, Congress and thenPresident George Bush declared the 1990s to be "The Decade of the
Brain."99

97. See infra notes 164-65 and accompanying text.
98. One new promising technical breakthrough, for example, is optical imaging. As
stated in a newspaper article: "For the first time, scientists have been able to directly view
human thought processes, tracing the complex patterns of electrical and chemical reactions
to small clusters of brain cells." Thomas H. Maugh II, Researchers Get a Peek at the
Brain's Thought Processes, L.A. TiMES, Aug. 20, 1992, at A31. The technique is actually
relatively simple: It uses a relatively basic camera and infrared light and it "records subtle
differences in reflected light-too small to be seen with the naked eye-that flicker over the
surface of the brain as thoughts occur." Id. Another technique used to study the brain is the
PET scan. "PET" is an acronym for "Positron Emission Tomography."
The apparatus detects the positions of injected radioactive substances as the brain uses
them to think, see, smell and taste. Pictures can show where chemicals are being
burned when the eyes see a printed word. If the patient hears a word, another area
lights up. If the subject speaks, a third area shows activity.
The Brain Reveals Its Powers: The More We Learn About It, the More We Learn It Can Do,
PARADE MAG., Sept. 13, 1992, at 20, 23.
99. See Dr. D. Allan Bromley CoordinatesFederal Decade of the Brain Effort, 137
CONG. REC. E1304 (1991). Dr. Bromley is the Director of the Office of Science and
Technology and coordinates the "Decade of the Brain" Projects. He was also science advisor
to former President Bush on leave from Yale where he was a Physics Professor and Founder
and Director of the A.W. Wright Nuclear Structure Laboratory. Concerning the "Decade of
the Brain" Dr. Bromley stated:
It has always seemed astonishing to me that we know vastly more about the first
microsecond of the existence of our universe, or about the constituents of any atom, or
about the interior of the sun, than we do about the three pounds of tissue inside our own
heads. Brain research is truly one of the great frontier areas of science .... it is a
frontier that promises enormous practical payoff in the form of new treatments and...
new ways of [preventing mental illness]. Even more important, it is a profoundly
philosophical human adventure, an attempt by the human brain to understand itself.
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According to Penrose: "Inside our heads is a magnificent structure that
controls our actions and somehow evokes an awareness of the world around.
Yet .. . it resembles nothing so much as a bowl of cold porridge! ...
Closer examination, however, begins to reveal . . .[an] intricate structure
and sophisticated organization . . . ."" Indeed, the brain looks nothing
like the computer's pure electrical circuitry and silicon orchestra.
The brain is made of human tissue and is powered by bioelectricity
driven by chemical imbalances of potassium and sodium between the neuron
(nerve cell) and its soupy environment. Further, the brain's neural wiring
is not completely connected; rather, there is a synapse (a gap) between the
axon (an outgoing wire) of one neuron and the dendrite or dendrites (the
incoming wires) of another. This gap is bridged either by the bioelectric
charge itself or by the neuron's release of a transmitter chemical substance.' 0 ' Of course, all these neurons rely on blood carried by capillary
pipelines and on cerebral spinal fluid for protection.'

Id. at E1305.
To add an exclamation point: "Two former Nobel Prize laureates in physics were recently
asked to guess what area of research would win the Nobel Prize for physics in the year 2000.
Both of them, without prior consultation and with hardly a hesitation, said brain research."
RESTAK, supra note 26, at 4 (emphasis added).
100. PENROSE, supra note 52, at 374 (footnote omitted). On the other hand, some
commentators would probably take issue with the "cold porridge" description. For example
one narrative uses very different imagery:
Step back and imagine an internal cosmos: one hundred to two hundred billion cells.
More brain cells than stars in the sky. Apex of our evolution. Maker of mind and
essence of man. See projected before you its hologram in living red-blue-green:
pulsating, glowing, humming, firing. All its forces, fields, and systems in action.
Intuiter, analyser, creator, computer, projector. Step into this world: cells, axons,
dendrites, synapses, neurotransmitters, atoms, molecules, waves, the spin of the cosmic
whirl. Prepotent entity of being. How strange it is we so rarely speak of it. Cases,
statutes, holdings, policies, studies, research, tenure are continually on our tongues. Yet
we teach the brain. The talking (or somnolent) heads on our human seating charts
contain brains.
John Batt, Law, Science, and Narrative: Reflections on Brain Science, Electronic Media,
Story, and Law Learning, 40 J.LEGAL EDUC. 19, 19 (1990).
101. The chemical substances are called "neurotransmitters" and they "stimulate
selected neighbors, with whom they junction, into producing electrical responses which both
qualitatively (i.e. by excitation or inhibition) and quantitatively (i.e. by frequency of
neurotransmitter release) reflect the patterns of presynaptic stimulation." THE OXFORD
COMPANION TO THE MIND 550 (Richard L. Gregory ed., 1987) [hereinafter OXFORD
COMPANION].

The alteration between chemical and electrical transmitting, and the existence of the
synapse itself, provide "a special opportunity for the traffic of electrical impulses to be
modulated or blocked" and allows for the "selection of [network] constellations." Id.
102.

See generally 3A ROSCOE N. GRAY, ATTORNEYS' TEXTBOOK OF MEDICINE, ch.

82 (1992); OXFORD

COMPANION,

supra note 101, at 541.
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Beyond the functional architecture of the brain network, the brain
contains "white matter" and "gray matter." The white matter is bundled
axons covered with myelin insulation (like those big temporary electrical
and telephone cords laying about at a carnival). It also contains specialized
structures called glial cells." 3 The gray matter consists of closely packed
neurons, dendrites, and capillaries. Most of the brain is white matter. Gray
matter is only found in relatively small localized portions of the brain. It
forms about a one-half inch thick covering over the cerebral cortex (the
"top" portion of the brain). Gray matter is also found in a few small
regions deep within the brain called "basal ganglia," which appear to be
very important for an evolutionary and anthropological understanding of the
brain purposes."°
Anatomically, the cerebrum ("on top") is covered by gray matter and is
wrinkled (like brain coral). It is divided into halves-the left and the
right-by the fibrosy "corpus callosum."' 5 The front of the cerebrum
contains the frontal lobe. Moving from front to back, the cerebrum contains
the parietal, temporal, and occipital lobes. The cerebellum lies beneath the
back of the cerebrum and looks like "two balls of wool."'01 6 Inside the
brain there is a whole host of structures including the pons and the medulla.
Other important inner features include the hypothalamus, which is the "seat
of emotion"; the thalamus, which "acts as an important processing centre
and relay station," particularly between the inner brain and the cortex; the
reticular formation, which "is responsible for the general state of alertness";
and the hippocampus.° 7
The left cerebral hemisphere controls the right hand and the right
cerebral hemisphere controls the left. The division of functions between the
hemispheres is also asymmetrical between the hemispheres. The left
cerebral hemisphere generally contains the centers for the following
functions: the right visual field, most language and mathematical ability,
speech and writing, and the smell for the left nostril. The right cerebral
hemisphere contains centers for the left visual field, nonverbal ideation,
spatial construction, and smell for the right nostril. The use of the word
"center" is important because both hemispheres seem to have some ability

103. See generally GRAY, supra note 102. Glial cells seem to play a role in brain
development as well as serving as supportive breastwork in the mature brain. OXFORD
COMPANION, supra note 101, at 541.
104. See generally GRAY, supra note 102.

105.

PENROSE,

106.

PENROSE, supra note 52, at 374-75.

supra note 52, at 380, 384;

RESTAK,

supra note 26, at 196.

107. Id. at 380. Brain parts are also classified by region. Those regions are the
hindbrain, midbrain, and forebrain. The regional classification is helpful for the study of
embryonic development. Id. at 381.
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for many functions. For example, the right hemisphere has the ability to
understand "simple" language.'
Memory is somehow associated with the temporal lobe of the cerebrum.'0 9 Memory, however, is complicated, somewhat mystical, and not
well understood. Even so, there seems to be a difference between shortterm memory ("STM") and long-term memory ("LTM"). Short-term
memory degrades within minutes or hours. "Many items are placed in
short-term store-numbers, names, this morning's breakfast menu-but only
a few find their way into the permanent memory system."' 0 Daniel
Dennett calls STM "working memory" and he analogizes it to a computer
"work space" or a "blackboard" where incoming messages are "posted" for
other neural networks to recognize and take action."' Stated another way,
"We are led to the hypothesis that the form in which STM is held within the
brain involves transient changes in the electrical properties of the brain as
a system, very likely a result of a reversible modulation of ... [neuron]
firing properties . ,,
"2 "There is suggestive evidence ... that the
hippocampal region of the brain is closely involved in the mechanism of
STM and its transfer to LTM.""' 3 The hippocampal region lies deep
within the brain near the base of the brain stem.114
The brain connections may be simply illustrated. Assume I read an
interesting tidbit while researching this Article. Reading it involves the
fields of vision near the back of both cerebral hemispheres. It is written
language so the left side of my brain (toward the middle) interprets it (with
support from the right cerebral hemisphere). It is "posted" somewhere in
short-term memory and, perhaps, if it is a particular good tidbit, it will be
transformed from STM to LTM by the hippocampal region deep in my brain
to the temporal lobe near the front of the brain. Suppose further that the
research tidbit had something to do with hot apple strudel. My memory

108. See RESTAK, supra note 26, at 190-91. There has been much study on "splitbrains" (where the corpus callosum is either diseased or surgically severed):
The most interesting and striking features of the syndrome of hemisphere disconnection
may be summarized as an apparent doubling in most of the realms of conscious
awareness. Instead of the normally unified single stream of consciousness, these
patients behave in many ways as if they have two independent streams of conscious
awareness, one in each hemisphere, each of which is cut off from and out of contact
with the mental experiences of the other.
Id. at 196.
109. OXFORD COMPANION, supra note 101, at 458.
110. Id. at 457.
1i1. DENNETT, supra note 79, at 264-65. See generally HOLLAND ET AL., supra note

38.
112. OXFORD COMPANION, supra note 101, at 457.
113. Id.
114. PENROSE, supra note 52, at 374 (schematic); see OXFORD COMPANION, supra note
101, at 312.
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recalls the smell of apple strudels past, which means the tidbit sought out
LTM. Thus, it seems that the brain works as a symphony of specialists. 1 5
Moreover, I read the words on the page without struggling consciously with
each letter. Thus, the orchestration must continue in parallel. That is, as
I see letters forming the words "hot apple strudel," the brain is able to
interpret them simultaneously recalling the smell of hot apple strudel.
Now imagine a purple cow" 6 or a pink ice cube."' Most people
can readily "see" both the purple cow and a pink ice cube in the mind's eye
even though they have never actually seen such items by physical vision.
Somehow the memory network for "cow" and "purple" or "ice cube" and
"pink" can be coordinated, connected, or merged on demand. This
illustrates "brain plasticity." That is,
[t]he interconnections between neurons are not in fact fixed ... but are
changing all the time. I do not mean that the locations of the axons and
dendrites will change. Much of the complicated "wiring" for these is
established in broad outline at birth. I am referring to the synaptic
junctions where the communication between different neurons actually
takes place."'
All this brain physiology seems, at least to a lay observer, similar to an
Al connectionist system that distributes knowledge throughout the computer.
Indeed, it has led to a "'gathering consensus' that consciousness is
accomplished by 'a distributed society of specialists that is equipped with

115. The term "symphony" is unabashedly borrowed from WILLIAM H. CALVIN, THE
CEREBRAL SYMPHONY: SEASHORE REFLECTIONS ON THE STRUCTURE OF CONSCIOUSNESS
(1989). He explained his choice of the word "symphony" in the context of consciousness:
I really do mean consciousness in the sense of the metaphorical "little person inside the
head," the conductor of our cerebral symphony, who contemplates the past and forecast
the future, makes decisions about relative worth, plans what to do tomorrow, feels
dismay when seeing a tragedy unfold, and narrates our life story.
Id. at 3.
He also uses other powerful prose by saying, "It is impossible to conceptualize the power
of a symphony just from knowing the technical specifications of each instrument," and uses
that statement metaphorically to address the difference between the "brain" and the "mind."
Id. Calvin is a neurobiologist.
The model of memory described in the text is known as the "localized model" of memory
and was proposed by Hebb. See generally supra note 109. It posits that memory is a
particular pathway of connections. The other model of memory is known as the "nonlocalized model" or "non-localized memory trace." Conceptually it theorizes that memory
is contained in a field of cells. It finds support with "analogies with the non-localized
storage of information on a photographic plate provided by ... [a] hologram." OXFORD
COMPANION, supra note 101, at 458.
116. RESTAK, supra note 26 (purple cow).

117.
118.

See

DENNETT, supra note 79, at
PENROSE, supra note 52, at 396.

65.
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a working memory, called a global workspace, whose contents can be
broadcast to the system as a whole."'' 9 In other words, the sense of self
emerges from the interaction of billions of simple neurons "firing (or not
firing)" through simple bioelectrical and chemical transmissions that,
consequently cause other neurons to "fire" simple bioelectrical and chemical
transmissions. These firings cascade throughout the brain.
Emergence.20 Dennett asserts that consciousness emerges: "We're
looking at emergence of coherence from a massively parallel processing
machine, the brain ....
Counterintuitive, yes. Difficult to accept, true.
Outrageous, I'll grant you that. .... But emergence is a real, hard science
phenomena, and it's central to understanding consciousness."2' The term
"emergence" is also a bridge between brain science and Chaos because, in
part, Chaos Theory emphasizes "the spontaneous emergence of selforganization from Chaos; or, in the parlance of the field ... [emphasizes],
the study of dissipative structures that arise in systems far from equilibrium,
where entropy production is high."' 22
In the context of brain physiology, therefore, "emergence" simply puts
a rough label on the connectionist theory of memory, learning, and
consciousness. The connectionist relationship between the brain and AI is
not all that new. Indeed, Al probably copied the idea from neurobiology.
In 1952, according to one narrative, John Holland was listening to a lecture
by a psychologist about theories of learning and memory proposed by a
neurobiologist (Hebb). 123 The theory, in retrospect, looked like the
description of the genetic algorithm' 2 4 in that

119. DENNETT, supra note 79, at 257 (first emphasis added). Penrose, however, does
not agree that the advent of parallel computers "holds the key" to building a machine with
the capabilities of a human brain, stating that the "'oneness' of conscious perception seems
to me to be quite at variance with the picture of a parallel computer. [Though t]hat picture
might ... be ... appropriate as a model for the unconscious action of the brain." PENROSE,
supra note 52, at 398, 399. Indeed, in his discussion of using and modifying algorithms
computationally, he intuitively believes that some of the practical questions are "barely
touched by complexity theory as it stands today." Id. at 145. He writes that complexity
theory will be useful in Al, if at all, only if used somehow in conjunction with the "magical
properties of quantum mechanics." Id.
120. Emergence is an important idea in Chaos Theory. See, e.g., WALDROP, supra
note 2, at 152, 200, 278-79. The idea of emergence of consciousness may also be an
important Al step toward Thomas Henry Huxley's prediction: "We shall, sooner or later,
arrive at a mechanical equivalent of consciousness." CALVIN, supra note 115, at 3 (Huxley
died in 1895).
121. LEWIN, supra note 2, at 156-57. See generally CALVIN, supra note 115, ch. 12
(entitled "Shaping Up Consciousness with a Darwinian Dance: Emergence from the
Subconscious").
122. HAYLES, supra note 2, at 9.
123. WALDROP, supra note 2, at 157.
124. See supra note 89 and accompanying text. Calvin, in describing the possibility
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the selective strengthening of the synapses [connections] would cause the
brain to organize itself into "cell assemblies"-subsets of several thousand
neurons in which circulating nerve impulses would reinforce themselves
and continue to circulate. Hebb considered each of these cell assemblies
to be the brain's basic building blocks of information.'25

These assemblies are distributed across and throughout the brain and each
one would represent a small portion of an idea, a color, or a musical
tone. 126 In turn, these cell assemblies would connect with other cell
assemblies which "would quickly organize themselves into larger concepts
and more complex behaviors. '
Holland eventually designed an Al
system that incorporated the neural network idea, and, at least on some
level, it worked. "'There was a lot of emergence"' in the computer, says
Holland. 2' 8 Indeed, computers had generated two-dimensional forms of
emergence using a simple program called the "Game of Life" long before
"emergence" became a term of art.
You started out with the computer screen showing a snapshot of ... [its]
universe: a two dimensional grid full of black squares that were "alive"
and white squares that were "dead." ... [O]nce you set the game going,
the squares would live or die from then on according to a few simple
rules....
.. . The rules were nothing but a kind of cartoon of biology. But what
made the Game of Life wonderful was that when you turned these simple rules
into a program, they really did make the screen seem to come alive [with
"emergent" patterns].' 29
Other scientific fields were also recognizing and developing the concept
of emergence independently of brain science by identifying other Chaotic
structures in nature. 30 The most "basic" type of emergence, perhaps,
concerns physics and chemistry. For example, if the temperature of water
is lowered, a few ice crystals will form and eventually the water molecules

of conscious machines, states:
And I mean a machine too-not specific machines such as are currently on the
drawing boards, but a class of computing device that I call a Darwin Machine, so named
because one of this new type works like a greatly speeded-up version of biological
evolution (or of our immune system) rather than like the familiar programmed computer.
The Darwin Machine can evolve an idea, using variation-then-selection ....
CALVIN, supra note 115, at 3.
125. WALDROP, supra note 2, at 158.
126. Id.
127. Id. This it seems is somewhat analogous to Al's "fuzzy" approach to AL. See
supra notes 72-75 and accompanying text.
128. WALDROP, supra note 2, at 159 (quoting computer scientist John H. Holland).
129. Id. at 201-02.
130.

HAYLES,'supra note 2, at 9.
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will form ice-a solid crystal lattice. In this case, a "phase transition" has
taken place between the liquid phase of water, where molecular attraction
is too weak to overcome the energy of the heat flowing through the water,
to the solid phase of water, where the molecular attraction is stronger than
the energy from heat at the lower temperatures. At the lower temperature,
This is an examthe water molecules "self-organize" and ice emerges.'
to enter the
is
allowed
ple of a dissipative system, because energy (heat)
32
and
leave
it.'
flow
through
it,
system,
The formation of ice involves a rather static physical principle. A better
illustration might be increasing the energy flow through the water by
increasing the heat. If the heat flowing through the system is increased
enough, the water will boil, culminating in the emergence of a turbulent and
dynamic flow. As the water boils a phase transition takes place between the
liquid phase and the gaseous phase (evaporation). That is, millions of
individual water molecules react to the increase of energy flowing through
the system just as millions of individual neurons react to bioelectrical and
chemical energy flowing through the brain. At some point in the brain, the
argument goes, the orchestration of the simple switching of neurons on or
off emerges into consciousness and the energy itself can be seen as
information.'33 Perhaps the trite expressions, "thoughts crystalize into
ideas," "emotions boil to the surface," and "random thoughts" have a deeper
physical significance than they are usually given.'3 4 In any event, energy
plays a central role in both simple physical dissipative systems and in the
brain. The brain, in fact, "constitutes only 2 per cent of the body bulk, yet

131. See GREGOIRE NICOLIS & ILYA PRIGOGINE, EXPLORING COMPLEXITY: AN
INTRODUCTION 41 (1989). Prigogine is a chemist who has won numerous awards, including
the Nobel Prize for chemistry in 1977 for his work on nonequilibrium thermodynamics.
132. Id. at 50-54, 197-98.
133. The idea that energy and information are interchangeable is a theoretical linchpin
of emergence in dissipative systems. Recall that the brain structure is made up of gray and
white matter and that the white matter can be analogized to electric or telephone cables. See
supra note 103 and accompanying text. The easiest way for me to understand the energyinformation equivalency is to think of a telegraph wire or of fiber optic cables. Telegraphs
use bursts of electric energy to carry information in Morse Code. Fiber optic cable uses light
energy to carry information. Thus, an organized burst of energy is information. This
relationship is discussed further in the context of information theory. See infra notes 174-75
and accompanying text.
134. Prigogine discusses examples of chemical self-organization and emergence in
nonequilibrium systems. One example of a chaotic complex reaction is the BelousovZhabotinski ("BZ") reaction. At its simplest the BZ reaction makes a chemical solution
spontaneously oscillate between yellow and colorless. Under other conditions the reaction
propagates waves of geometric patterns. NICOLIS & PRIGOGINE, supra note 131, at 15-26.

These results are similar to the graphic results of The Game of Life computer program. See
supra note 129 and accompanying text.
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consumes almost 20 per cent of the total energy [produced by the human
body] .
C. Consciousness, Evolution, Chaos, and the Law
In terms of energy consumption the brain is not only "expensive" to use
and maintain, it is also expensive to build. This simply means that "during
the development of the embryo in the womb, a disproportionate amount of
energy has to be diverted into brain building."' 136 Moreover, the evolution
and size of the human brain has virtually exploded in terms of evolutionary
time. 3 ' Thus, there must be a large evolutionary advantage in having a
large brain.
Not long ago most anthropologists subscribed to the theory that toolmaking or hunting was the driving evolutionary force in the explosive
growth of the human brain.13 The tool-making theory, however, is now
being contested by what some call the theory of "social chess."' 3 9 This
latter theory posits that group politics, not tool-making, drove the evolutionary development of the brain and is, in large part, based on the study of
other primates. At its base, the social chess theory posits that consciousness
is best defined by "self-awareness," 4 ' which in turn, confers a selective
benefit to those possessing it.' 4' It also explains why the "cognitive skills
displayed by higher primates in the laboratory seem to outstrip by far the
practical demands of their natural world."' 4' That is, we higher primates
are "smarter" than we need be to exploit our natural environment. The key
point in the social chess theory is that self-awareness allows a primate to
project the reaction of other individuals to her proposed action.
A poignant illustration of behavior supporting the social chess theory
took place in a chimp colony in a Netherlands zoo. The group dynamics of
the colony were carefully observed over an extended period of time. The
behavior of three male chimps competing for dominance was of particular
interest. It was noted that alliances among the male triad changed over time
and ultimately resulted in the two nondominant males cooperating in the
violent killing of the dominant male. While the dominant male was stronger

135. RICHARD LEAKEY & ROGER LEWIN, ORIGINS RECONSIDERED: IN SEARCH OF
WHAT MAKES Us HUMAN 165 (1992). Richard Leakey is a well-known anthropologist who

discovered
Service.
136.
137.
138.
139.
140.
141.

142.

the "Tarkana Boy." In 1989 he was appointed Director of the Kenya Wildlife
Id.
See, e.g.,

RESTAK,

supra note 26, at 87.

LEAKEY & LEWIN, supra note 135, at 285.
See id. at 181; cf RESTAK, supra note 26, at 87.
LEAKEY & LEWIN, supra note 135, at 280.

Id. at 283.
Id. at 284.
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he was not more powerful than
than either one of the nondominant males,
43
the combined strength of the other two.
Beyond alliances resulting in brute strength, self-awareness also allows
an individual to use deception. Another anecdotal illustration is, at least,
provocative. In the mid-1980s, Richard Byrne and Andrew Whiten studied
East African baboons and observed an adult female unearthing some food.
A young baboon watched and also wanted the food. The young baboon
yelled as if he were being threatened and his mother reacted by chasing off
144
the other adult female. The young baboon then ate the abandoned food.
This behavior seemed to be part of a repetitive behavioral pattern among the
to hypothesize that an overarching
baboons, leading Byrne and Whiten
145
deception strategy was at work.
Based on these and other studies, "the notion of social intelligence-or,
rather, the acute intellectual demands of complex social life-has become
the leading paradigm[ 146 ] among anthropologists."'147 Further, "social
intelligence" is the result of social interaction between and among members
of society. Though this type of intelligence is far more complicated than
Shakey the robot's interaction with its environment, it is similar in that both
involve interaction with environmental sources outside the head of the
individual.1 48 Moreover, the social intelligence paradigm in primates
seems to explain what "to a casual observer may look like an outburst of
random aggression among a group of irascible individuals.' 49 Conscious143. See generally id. at 278-95. For another account of society, apes, and evolution,
see CARL SAGAN & ANN DRUYAN, SHADOWS OF FORGOTTEN ANCESTORS: A SEARCH FOR
WHO WE ARE 295-333 (1992). Both accounts are interesting and extremely easy to read
even for those uninitiated in science.
144.
145.

LEAKEY & LEWIN, supra note 135, at 299.
Id.

146. A dictionary defines "paradigm" as "pattern" or "archetype." WEBSTER'S
DICTIONARY, supra note 3, at 853. Much of the literature discusses Chaos Theory as a
"paradigm shift."
147.

LEAKEY & LEWIN, supra note 135, at 287.

148. For a discussion of Shakey the robot, see supra notes 79-80 and accompanying
text. There may, indeed, be different types of intelligence. See generally HOWARD
GARDNER, FRAMES OF MIND (1983); HOWARD GARDNER, MULTIPLE INTELLIGENCES (1993).
In his latest book, Gardner, a Harvard Educational Theorist, does case studies of seven
creative thinkers. See HOWARD GARDNER, CREATING MINDS (1993). It is interesting to note
for purposes of this Article, that in explaining his choice of Freud, Einstein, Picasso,
Stravinsky, Eliot, Graham, and Gandhi as subjects for case studies, he admits:
[Elven the date of focus [all seven lived around the turn of the century] is not immune
from argument: a case can be (and has been) made ... that scientific breakthroughs of
a fundamental nature are more properly associated with the quantum mechanics of the
late 1920s, the deciphering of the genetic code at midcentury, or the recent insights of
chaos theory.
Id. at 6 (emphasis added).
149. LEAKEY & LEWIN, supra note 135, at 289. Sagan and Druyan extrapolate these
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ness, therefore, provides an evolutionary advantage because it allows an
individual to project the reaction of others before it takes the action. Thus,
it may be that anthropologists are coming closer to the evolutionary root of
judgment. Judgment, recall, is one of the cognitive skills that is absent in
classic logic and is one of several major remaining challenges to Al. 5 '
From the standpoint of physiology, consciousness is possible only
because of the existence of a large brain, and the human brain, in evolutionary terms, is huge. 5 ' The size of the brain, in fact, causes several distinctively human physiological and developmental traits. The "average adult
human brain is about 1350 cubic centimeters" but in order to meet the
practical bipedal locomotion constraints on the pelvis and the birthing canal,
the average size of the human brain at birth is only 385 cubic centimeters." "In the end, the brain more than triples its size between birth and
maturity exceeding the growth of the brains of other primates which usually
double in size from birth to adulthood.""' As a result, the brain of a
human baby is relatively unformed at birth.
The relative immaturity of the human brain at birth has several
important repercussions; the most important of these concerns brain
plasticity. 54 Jean Piaget, a well-known Swiss psychologist, started
studying child development in 1927. He "postulates four developmental
periods [of children's mental development] each representing a different and
gradually expanding level of consciousness."''
The periods are: (1) the
sensory period (from approximately birth to two years of age), in which the
child begins coordinating motor reflexes; (2) the preoperational period (from
approximately two to seven years), when the child begins "manipulating
symbols according to his own private world"; (3) the concrete operational
period (from approximately seven to nine), when the child develops
consciousness in the sense that she is aware "of a self interacting with a
real, objectively verifiable world"; and, (4) adulthood.'56

findings as follows:
In this complex, fluid social life great benefits accrue to those skilled in discerning the
interests, hopes, fears and feelings of others. The alliance strategy is opportunistic.
Today's allies may be tomorrow's adversaries and vice versa. The only constant is
ambition and fixity of purpose. Lord Palmerston, the nineteenth-century British Prime
Minister-who described his nation's foreign policy as no permanent national alliances,
only permanent national interests-would have been right at home among the chimps.
SAGAN & DRUYAN, supra note 143, at 300-01.
150. See supra note 50 and accompanying text.
151. See, e.g., RESTAK, supra note 26, at 81-82, 104.
152. LEAKEY & LEWIN, supra note 135, at 160.
153. Id. at 160.
154. For further discussion of brain plasticity, see infra notes 157-62 and accompanying text.
155. RESTAK, supra note 26, at 258.
156. Id. at 258-64. Therein Restak asserts that Piaget's work has implications
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The Piagetian stages of development are generally consistent with both
the physiological growth of the brain and the idea of brain plasticity.
Through plasticity, the brain is capable of "wiring itself' by forming
connections comprising neural networks. That is, "the plastic brain is
capable of reorganizing itself adaptively in response to the particular
novelties encountered in the organism's environment."'" Moreover, the
mechanism allowing for such reorganization is "almost certainly ...
strongly analogous to natural selection."' 58 The ability of the brain to
form these connections is known as the Baldwin Effect and allows
individual humans to redesign themselves according to the unique physical
and cultural environment into which the individual is born. Thus, brain
plasticity is generally an evolutionary advantage over "hard wired" brains. 59

concerning the establishment of criteria for death. Id. at 264. He writes, "It has been
suggested that 'awareness' or 'consciousness' can supply us with a means of deciding when
life-support systems can be turned off.... I think such proposals rest on overly simplified
conceptions of mental development." Id. at 264-65. For an introduction to Piaget and his
work, see NATHAN ISAACS, A BRIEF INTRODUCTION TO PIAGET: THE GROWTH OF
UNDERSTANDING IN THE YOUNG CHILD (1960).
See also RICHARD M. GORMAN,
DISCOVERING PIAGET: A GUIDE FOR TEACHERS (1972); JEAN PIAGET, SCIENCE OF
EDUCATION AND THE PSYCHOLOGY OF THE CHILD (1969).

157. DENNETT, supra note 79, at 184.
158. Id.
159. Brain plasticity and the ability to form new neural networks may have something
to do with genius. Apparently "[c]reative geniuses tend to 'return to the conceptual world
of childhood."' Begley et al., supra note 3, at 50 (quoting Howard Gardner, an educational
theorist at Harvard best known for his 1983 book Frames of Mind: The Theory of Multiple
Intelligences). The article goes on to state:
[T]hat goes a long way toward explaining why genius peaks early-in the 20s in math
and physics and lyric poetry, the 30s for other sciences, music, art and writing novels.
"It is a particular combination of youth and maturity that allows the most revolutionary
work to take place in the sciences," says Gardner. "Too much time and experience
thinking in a certain way can prove uncongenial to any innovation." Put another way,
as the once chance permutations of ideas and images harden in the mind, the intellect
becomes so set, so organized, that there are fewer stray elements and fewer chances for
spontaneous, novel combinations.
Id. at 51.
For purposes of legal education the idea of the crystallization of brains into more hardwired circuitry (a marginal loss of brain plasticity) may implicate veracity (at some level) for
Anthony D'Amato's statement:
Teaching is an attempt to change the student's mind. As it will argue below, the
best teaching challenges and alters mental pathways, connections, and "censors"
within the student's brain. But there is no doubt that teaching, totally unlike
advertising [which he argues feeds into and strokes consumer preferences no matter
how arbitrary or ridiculous], is a deliberate form of interference with how the
student thinks. The student is likely to resist.
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There appear, however, to be structural limits to human brain plasticity.
For example, "normal" human brains contain very similar anatomical
structures and very similar physiology. 60 Moreover, in the evolutionary
sense, "the human brain has evolved to its great size while retaining
anatomical and chemical features reflecting an ancestral relationship to
reptiles, early mammals and late mammals."''
Indeed, one author has
posited that the human brain is "a hierarchy of three brains in one, a triune
brain."'"
These three evolutionary regions are the reptilian "brain"
located nearest the brainstem, the limbic system (paleomammalian) portion
surrounding the reptilian brain, and the neomammalian brain covering the
limbic system including the cerebral cortex (whose function was previously
discussed).163

Anthony D'Amato, The Decline and Fall of Law Teaching in the Age of Student Consumerism, 37 J. LEGAL EDUC. 461, 462 (1987).
Obviously the block quote is not value neutral-or at least is arguably not value neutral.
It is possible that such rewiring simply allows for what Duncan Kennedy asserts is
"ideological training for willing service in the hierarchies of the corporate welfare state."
Duncan Kennedy, Legal Education as Trainingfor Hierarchy, in THE POLITICS OF LAW: A
PROGRESSIVE CRITIQUE 40, 40 (David Kairys ed., 1982). 1 suppose E.D. Hirsch Jr. would
be forced to agree that such change in the student's mind could be abused, but at a more
general level may be necessary in order to allow individuals in a society to communicate
with one another. See generally E.D. HIRSCH JR., CULTURAL LITERACY: WHAT EVERY
AMERICAN NEEDS TO KNOW (1987).
As a final aside, it seems to me that Piagetian developmental theory is at the heart of
several current works on how best to teach at the college professional level. See, e.g., C.
ROLAND CHRISTENSEN & ABBY J. HANSON, TEACHING AND THE CASE METHOD: TEXT,
CASES, AND READINGS (1987); C. ROLAND CHRISTENSEN ET AL., EDUCATION FOR
JUDGMENT: THE ARTISTRY OF DISCUSSION LEADERSHIP (1991); DONALD A. SCHON,
EDUCATING THE REFLECTIVE PRACTITIONERS: TOWARD A NEW DESIGN FOR TEACHING AND

LEARNING IN THE PROFESSIONS (1987); John B. Mitchell, Current Theories on Expert and
Novice Thinking: A Full Faculty Considers the Implications for Legal Education, 39 J.
LEGAL EDUC. 275 (1989); Ronald W. Staudt, Legal Mindstorms: Lawyers, Computers and
Powerful Ideas, 31 JURIMETRICS 171 (1991).
160. See generally supra notes 101-19 and accompanying text (discussing brain
physiology).
161. Paul D. MacLean, A TriangularBrief on the Evolution of Brain and Law, in
MARGARET GRUTER & PAUL BOHANNAN, LAW, BIOLOGY AND CULTURE 83, 84 (2d ed.,
McGraw-Hill Primis 1992).
162. Id.
163. Id. at 83, 93-94. Put another way: "'The human brain contains the fossil
memories of its past just as this stratified landscape contained earth's past in the shape of
homed titanotheres and stalking dirk-toothed cats."' RESTAK, supra note 26, at 73 (quoting
Loren Eisley).
Edward 0. Wilson, Professor of Zoology at Harvard, is a leading (and extremely
controversial) social biologist. Id.; see also LEWIN, supra note 2, at 173-74. Wilson
embraces the notion of Chaos and emergence, but he also cautions that by itself, "emergence
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The oldest evolutionary structure is the reptilian brain, which includes
some of the deeply embedded gray matter (basal ganglia) present in the
brain. Current research indicates that this portion of the brain controls such
animal behavior as social communication like "adherence to fashions, ...
repetitious and obsessive-compulsive acts[,] . . . [and] ceremonial reenact-

ment" as well as marking and defense of territory, courtship, and submissive
displays."6 The most interesting behavior for purposes of this Article is
the role the reptilian brain (a.k.a. R-complex) may play in submission of all
sorts. It seems to control, for example, "obeisance to precedent as in legal
and other matters."'65 Thus, certain behavior closely related to law, like
following precedent and some concept of territory (property), bubble up
from deep within the brain and may exhibit more hard wire tendencies than
do other portions of the brain.'66
The next oldest evolutionary brain structure is the limbic system.
Although there is no scientifically well-defined line of demarcation between
the reptilian brain and the limbic system,167 the latter is most often
associated with emotions and, together with the hypothalamus, constitutes
the emotional control center of the brain.168 Edward 0. Wilson is one of
the most controversial zoologists in modem time because of his opinions
concerning the affect of the limbic system on sociobiology. He posits that
the limbic system is not nearly so plastic as the newer portions of the brain.
He believes, for example, that much of the brain, certainly including the
limbic system, is predisposed toward certain behavior and is like "an
exposed negative, waiting to be slipped into developer fluid."', 69 He has
stated: "Although we can overcome the biological constraints imposed by
our own limbic system, we are forced to do so at great economic and social
cost in terms of time, energy, and resources."' 70 Stated another way, he
said, "Soon we may have to pick and choose among the emotional guides

can be no explanation at all if you don't have any insight into the mechanics of the system,
and it may seem to be an appeal to mysticism." LEWIN, supra note 2, at 178.
164. MacLean, supra note 161, at 87-89.
165. Id. at 89.
166.
Such a view has implications for issues as far-ranging as mental illness and foreign
policy. . . . The study of epilepsy demonstrates conclusively that our feelings do not
necessarily depend on anything going on in the real world around us, and that the
strength of our feelings is not a measure of the authenticity of our experiences or the
credibility of our beliefs.
RESTAK, supra note 26, at 68.
167. See OXFORD COMPANION, supra note 101, at 458.
168. RESTAK, supra note 26, at 75.
169. Id. at 74.
170. Id. at 78.
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we have inherited and determine those that should be followed and those
that should be ...redirected ....
As examples of evolutionary patterns of predisposition he cites such
controversial emotions as xenophobia ("treating aliens as hated
objects"). 7 1 It bears repeating that Wilson believes these tendencies may
be overcome, but in terms of energy and resources it is difficult to do so.
Further, he does not posit that these predispositions are appropriate
responses by individuals in modem society. These controversial views do
have some experience-based appeal, however, for they would help explain
(but by no means justify) why society has struggled with issues like equality
between the sexes. Consequently, to any extent that Wilson is correct (if at
all), the structure of the !imbic system is reflected in the law in the same
way that the brain's capacity for classic logic is reflected in the law.
According to this theory, emotions and predispositions would also be part
of the chaotic milieu from which consciousness emerges and boils to the
surface because the RAS (the seat of awareness)is located deep in the older
evolutionary portions of the brain. 73 It also helps to explain inconsistent
behavior and hints at the physiological basis for "values."
In summary, the size of the brain appears to be constrained at birth
because of the size of the birthing canal and, therefore, the brain of the
human child is immature in terms of both development and size at birth.
This immaturity plays a key role in brain plasticity (and something called
the Baldwin Effect) which allows the individual to form unique neural
networks by interacting with the external environment. Indeed, "social
chess" seems to be the leading evolutionary reason for the existence of the
large human brain. This reason is plausible, in part because the brain's
capacity is far in excess of what is required for mere short term survival.
Thus, interaction seems to shape the evolution of the brain as well as an
individual's process of learning. Nonetheless, there do seem to be
physiological constraints on brain plasticity.
DNA (deoxyribonucleic acid) provides the rough genetic template or
blueprint for the brain as well as for the larger human architecture. As such,
it is the material of evolution and, "except for some oddball microbes, the
'17 4
genetic information of every organism on Earth is contained in DNA."

171.
172.
173.
174.

Id. at 80.
Id. at 76.
Id.
SAGAN &

DRUYAN,

supra note 143, at 79. As to the "political correctness" of

science, particularly in the context of evolution and sociobiology, Sagan and Druyan lecture:
Natural selection has been misused by capitalists and communists, whites and blacks,
Nazis and many others to grind this or that self-serving ideological axe. It's not
surprising that feminists feared that a Darwinian perspective would provide yet another
cudgel for male scientists to hit women over the head with ....However, the cure for
a misuse of science is not censorship, but clearer explanation, more vigorous debate, and
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DNA is a molecule made up of two intertwined strands. The strands
themselves are sequences "made of four smaller molecular building blocks,
the nucleotides-which humans conventionally represent by the letters A,
'
C, G, and T .... On and on the sequence goes, for billions of letters."175
These strings of nucleotides, represented by letters, are a genetic code with
each "word" of the code comprised of three of the four letters. The two
intertwined strands contain identical messages written in different codes.
That is, the "message is redundant, bespeaking care, conservatism; it
must be preserved, treasured,
conveys a sense that whatever it is7 saying
6
generations."'
future
to
intact
passed
Like a coded language, the message is in the form of a sentence. The
four letters arranged in three letter words can form only sixty-four possible
words, yet these words may form an almost limitless number of meaningful
"sentence" messages dependant on their arrangement. These messages are
the blueprints for the manufacture of specific molecules. In this genetic
language, however, there are no spaces between the words. This absence of
spaces allows for the possibility of more than one meaning or message.77
Therefore, there can be overlapping messages.
At this point, evolution through the messages provided by DNA begins
to look more like information theory than what is usually thought of as
evolutionary biology. Indeed, Dr. Lila Gatlin "proceeds on the assumption
that when the symbols of DNA are translated into the substance of proteins,
communication takes place."'7 8 "This is more than just another metaphor.
Gatlin is using the word [communication] in the sense intended by Claude
Shannon [(an information theorist credited with seminal work in information
theory)] in his 1948 papers on the mathematics of communications." 79
Very generally, Gatlin proposes a new kind of natural selection, based on
the fitness of a genetic code judged by a standard that allows for both
accuracy and variation rather than fitness based on "strong bodies and
prolific reproduction."'8" Such a genetic code, similar to that found in the

making science accessible to everyone. If some of our proclivities are inborn, as surely
must be the case, it hardly follows that we cannot learn to modify, mitigate, enhance,
or redirect the resulting behavior.
Id. at 67-68.
175. Id. at 76.
176. Id. at 76-77.
177. Id. at 77.
178. JEREMY CAMPBELL, GRAMMATICAL MAN: INFORMATION, ENTROPY, LANGUAGE,
AND LIFE 112 (1982). Sagan and Druyan use the following example "ROMAN CEMENT
TOGETHER NOWHERE"; "ROMANCEMENT TO GET HER NOW HERE." SAGAN &
DRUYAN, supra note 143, at 82.
179. CAMPBELL, supra note 178, at 112.
180. Id,
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vertebrates, would actually speed up evolution (which is what happened
once vertebrates evolved). 8 '
In order to understand Gatlin's style of natural selection both "accuracy"
and "variety" require further definition and explanation within the context
of information theory. Shannon, an engineer at Bell Laboratories, did not
see information and entropy in messages as opposites but, instead, believed
them to be identical.' 82 That is, he associated information with novelty
rather than with meaning. The more novel a message, therefore, the more
information it possesses." 3
At some level this definition is intuitive. If, for example, a speaker tells
a listener of a holding in a new case, the listener is hearing something novel
and the message contains information. In turn, however, if the listener then
repeats the message back to the speaker, the message contains nothing new
or novel. In that sense the message contains no information for the speaker.
Another metaphor is heat (energy) and the capacity to perform work.
Heat can only drive an engine [perform something "valuable"] when
it is at a higher temperature than its surroundings. It must "descend" down
the slope of temperature like water falling from a height to drive a
wheel.... When the fuel is spent and the whole system reaches a single,
uniform temperature, all the molecules are mixed up in random confusion
[there is no heat-energy differential]; the engine will not run [perform
work-do anything interesting].'
Thus, the higher Shannon's "entropy" the more novel is the message, which
in turn, has more information potential.
Accuracy in DNA messages, according to Gatlin's application of
Shannon's principle, requires redundancy encoded at the source. Redundancy lowers entropy, which assures predictability. Redundancy, however, has
a cost because it lowers the information potential of the messages. Indeed,
at the extreme, redundancy limits "the system" to a very narrow range of
simple messages, "[a]s if a book were to contain the same few words
repeated over and over again."' 85
"Variety," on the other hand, is achieved by relaxing redundancy. The
English language, for example, does not restrict words to just a few letters
or messages to just a few words.' 86 The English language has redundancy
but it is of a structural or grammatical type that does not, to any great
extent, restrict the number or exact type of words formed. This kind of
"context sensitive" redundancy "accounts for the rich variety of the language

181. Id. at 113.
182. Id. at 114, 121.
183. See HAYLES, supra note 2, at 49.
184. CAMPBELL, supra note 178, at 33.
185. Id.
186. Id.at 120.
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... even when distorted by misprints and mistakes.' ' 7 "It can always
communicate new ideas, but within the framework of familiar rules of
structure and sense."' 8 That is, the English language possesses enough
variety to form novel (high-information) messages; and, it is this kind of
"optimum blend of variety and accuracy" in the genetic code of vertebrates,
that allowed them to evolve rapidly.'89 According to Jeremy Campbell:
It is a sort of information barrier, which, once surmounted, leads to
increasing biological complexity. If this is correct, evolution is not simply
a matter of random changes in protein, selected for fitness by purely
external factors like ecology, population clusters, food supply, and
competition among and within various species. It has an internal, abstract
side to it, which must be understood in terms of the laws of information
and communication. The environment still plays an important part ... but
the fit are defined in a less external way and are selected by more than one
kind of anti-chance device.'
Thus, "[n]atural selection is the editor, rather than the composer, of the
genetic ]message."''
The use of the phrase "anti-chance device" in the preceding block quote
is important because it implies that a certain internally controlled (but nonpredictable) order is present in what first appears to be entirely random
evolutionary change by mutation. The crux of this anti-chance device in
DNA seems to be the regulation of when a specific genetic message is
"fired." The importance of selective "firing" (use) of specific DNA
messages is grounded in the Nobel Prize winning work of two french
researchers, Francois Jacob and Jacques Monod, in the late 1950s. "They
discovered the existence of feedback mechanisms by which genes were
switched on and off, a kind of servo system at the level of molecules,
and
92
also analogous to the binary switch system of digital computers."',
Stuart Kauffman was convinced that the switching of the genes and the
feedback loops were related more to evolution (and embryology) than to
random sampling. For example, the genome (roughly the DNA maps) for
humans "encodes the information for making about 100,000 different
proteins.... [even though] all the cells in an organism contain roughly the

187. Id. at 119.
188. Id.
189. Id. at 120.
190. Id. (emphasis added).
191. Id. at 122 (quoting biologists Jack Lester King and Thomas Jukes). "Indeed, the
capacity to evolve and adapt may itself be an achievement of evolution." Stuart A.
Kauffman, Anti-Chaos and Adaptation, Sci. AM., Aug. 1991, at 78. "Kauffman is currently
professor of biochemistry and biophysics at the University of Pennsylvania School of
Medicine and external professor at the Sante Fe Institute." Id.
192. LEWIN, supra note 2, at 27.
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same genetic instructions."' 93 In other words, cell "types differ because
they have dissimilar patterns of genetic activity, not because they have
different genes."' 94 Kauffman used "random Boolean networks"' ' to
study genetic switching wherein "each variable is regulated by others that
serve as inputs."' 96 Nontechnically, what Kauffman found was that the
genetic system self-organized around chaotic attractors. Moreover, he
discovered that an ordered pattern would emerge in a matter of microseconds rather than "the billions of times the age of the universe" that it would
take the computer to form the necessary proteins randomly. 97 Kauffman
also asserts that the stability of the chaotic attractors varies. For example,
"flipping the activity of just one element may unleash an avalanche of
changes in the patterns that would otherwise have occurred" in the computer
model.' 98
Kauffman uses his Boolean network research as evidence of adaption
and anti-Chaos.' 99 He goes beyond that conclusion, however, and posits
that networks "on the boundary between order and [true random] chaos may
have the flexibility to adapt rapidly and successfully through the accumulation of useful variations."" He concluded:
In such posed systems, most mutations have small consequences
because of the systems' homeostatic nature [the strength of a particular
strange attractor]. A few mutations, however, cause larger cascades of
change. Poised systems will therefore typically adapt to a changing
environment gradually, but if necessary, they can occasionally change
rapidly.201

Kauffman's admittedly bold hypothesis is that networks at the edge of
Chaos "can adapt most readily," thus, "they may be the inevitable target of
natural selection .... [and] [t]he ability to take advantage of natural

193.
194.
195.

Kauffman, supra note 191, at 79.
Id.
Id.

Boolean networks [are named] after George Boole, the English inventor of an algebraic
approach to mathematical logic. The network proceeds through a series of so-called
states. At a given instant, each element in the network examines the signals arriving
from the links with other elements, and then is active or inactive, according to its rules
for reacting to the signals. The network then proceeds to the next state, whereupon the
process repeats itself. And so on.
LEWIN, supra note 2, at 27 (discussing Kauffman's work).
196. Kauffman, supra note 191, at 79.
197. Id. at 81.
198. Id. at 80.
199.

See generally id.

200. Id. at 82.
201.

Id.
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selection would be one of the first traits selected." '2° This is hauntingly
similar to phase transitions in physics and undeniably similar to information
theory applied to DNA itself.2 °3
The largely speculative work in DNA, information theory, and evolution
suggests that there is a natural tendency for nonlinear dynamic complex
systems to be attracted to the very edge of randomness. At the same time,
however, they are stable enough to resist disintegration into random
behavior. Pure randomness would be an improbable way to explain the
existence of nature given evolutionary time constraints. It also suggests,
however, that the stability afforded systems in this state, due to the strength
of the attractors, is brittle in that when change does occur it may cascade
throughout the system resulting in the emergence of a new state or pattern.
In terms of information theory, it is one of several optimum mixes of
redundancy and variety.
In terms of evolution, however, it should be pointed out that nature
"doesn't start from scratch each time it wants to build a new system, . . . [it]
has to work with what's already there. '2 °4 In terms of the human brain,
therefore, evolutionary baggage from the reptilian brain and the limbic
system is preserved and shadows evolutionary development. These
conclusions have possible implications for law and jurisprudence. First, law
would be attracted to a system poised on the edge of randomness (or Chaos)
that could withstand many changes but in which any single change (e.g., any
decision) could result in a cascade of changes throughout the system. Such
cascading in law could be started by a "novel" (read "informative" in the
vernacular of information theory) Supreme Court decision, common law
trends, or legislation. Second, the stability of the state, like redundancy in
DNA messages, "bespeaks care [and] conservatism"2 °5 and carries embedded responses from the deep past. In law both the Constitution and
precedent embed history. Third, evolution has to work with the existing
state of the organism.20 6 "'The large brain, like large government, may
not be able to do simple things in a simple way,"' and law courts seem to
prefer to distinguish rather than to overrule prior cases.20 7 Finally, the law
202. Id.
203. See supra notes 131-35 and accompanying text (discussion of phase transition in
the physical sciences).
204. LEWIN, supra note 2, at 164 (quoting philosopher Patricia Churchland).
Churchland, a professor at the University of California at San Diego, is a brain science
researcher and has written a book with Terrence Sejnowski that competes against
Consciousness Explained in the marketplace. See PATRICIA S. CHURCHLAND & TERRENCE
J. SEJNOWSKI, THE COMPUTATIONAL BRAIN (1992). For an introductory discussion of both
the book and the work of Churchland, see William F. Allman, Biology of the Mind, U.S.
NEWS & WORLD REP., Dec. 14, 1992, at 66.
205. See supra note 176 and accompanying text.
206. See generally supra notes 167-71 and accompanying text.
207. DENNETr, supra note 79, at 209 (quoting Donald Hebb).
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does appear to reflect the human mind. Common law judicial opinions do
contain some elements of logic evidencing high order thought. Reliance on
precedent, on the other hand, may have its roots deep in the reptilian brain
or limbic system, but those systems are (at least sometimes) consciously
overridden. Indeed, the judicial system, with its widely geographically
distributed trial courts and several levels of appellate courts organized in
both state and federal networks, seem to act in parallel with the results
selectively distributed through legal research. Moreover, trends in the
common law may be described in terms of the AI genetic algorithm, which
allocates strength based, in part, on the frequency of use. Thus, it seems to
me, that the brain-law metaphor runs deep.
III. THE CHAOTIC LINK BETWEEN ECONOMICS AND LAW

All in all, the financial system resembled the dynamics of a pump house,
not an accountant's static balance sheet, and functioned according to the
physical laws that a hydraulic engineer might understand.... To grasp
the larger action of finance, one had to visualize its physics. Indeed, that

is how financial analysts themselves spoke of it, using hydraulic metaphors
to describe its conditions-the "liquidity" of banks, the "flow of funds"
analysis, "circulation" and "float" and "velocity," the surge and ebb of

"market pressures."

WILLIAM GREIDER, SECRETS OF THE TEMPLE

20 8

[S]ociety's existence hangs by a hair. A modem community is at the
mercy of a thousand dangers: if its farmers should fail to plant enough
crops; if its railroad men should take it into their heads to become
bookkeepers or its bookkeepers should decide to become railroad men;...
in a word, if any of a thousand intertwined tasks should fail to get doneindustrial life would soon become hopelessly disorganized. Every day the
community faces the possibility of breakdown-not from the forces of
nature, but from sheer human unpredictability.
ROBERT L. HEILBRONER, THE WORLDLY PHILOSOPHERS

20

"Legal literature is replete with references to law and economics and to
an economic analysis of law."2 1 Simply, the economic analysis of law

208. WILLIAM GREIDER, SECRETS OF THE TEMPLE: HOW THE FEDERAL RESERVE RUNS
THE COUNTRY 31 (1987).
209. ROBERT L. HEILBRONER, THE WORLDLY PHILOSOPHERS: THE LIVES, TIMES AND
IDEAS OF THE GREAT ECONOMIC THINKERS 19 (1992).
210. ROBIN P. MALLOY, LAW AND ECONOMICS: A COMPARATIVE APPROACH TO
THEORY AND PRACTICE 2 (1990); see, e.g., TERRY CALVANI & JOHN SIEGFRIED, ECONOMIC
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subjects "legal doctrine to economic cost and benefit analysis and to
concepts of economic efficiency."2 1' This is done in order to predict the
effect of any law (either decisional law or statutory law), as well as to
improve the efficiency of a given law in terms of cost. The use of
economics in law, therefore, is a way to model and better understand the
complexity of society in the work-a-day world. Its popularity and perceived
power have spawned both literature and law school courses. To use
economic methods in legal analysis requires using all of economics-that is,
in "each instance of economic analysis the values of the neoclassical
economic model are assumed as given and the current or proposed law is
analyzed within the given social framework."21 To a large extent, critics
of the economics and law movement doubt the validity of the assumptions
used in neoclassic economic theory. Therefore, in their view, any economic
analysis of the law is suspect.
One of the key assumptions in economic theory is that the market is
efficient. This assumption is often styled the Efficient Market Hypothesis
(EMH), which may be more fully explained as follows:
Efficient markets are priced so that all public information, both
fundamental and price history, is already discounted. Prices, therefore,
move only when new information is received. An efficient market cannot
be gamed because not only do the prices reflect known information, but the
large number of investors will ensure that the prices are fair. In this
regard, investors are considered rational: they know, in a collective sense,
what information is important and what is not. Then, after digesting the
information and assessing the risks involved, the collective consciousness
of the market find an equilibrium price. Essentially, the
21 3 EMH says that the
market is made up of too many people to be wrong.

This description of EMH is chock full of information. First, note that the
EMH is based on the assumption that "the market is made up of too many
people to be wrong." Stated another way, aberrational behavior by an
investor that does not conform with what is economically "rational" is
subject to statistical normality smoothing. Thus, it relies on statistics and
calculus which are both linear techniques. In turn and very generally, it is
ANALYSIS AND ANTITRUST LAW (1988); RICHARD A. POSNER
ECONOMICS OF CORPORATION LAW AND SECURITIES REGULATION

211.

MALLOY, supra

& KENNETH E. SCOTT,
(1980).

note 210, at 3.

212. Id. Therein Malloy cites the following cases as examples of law and economics:
American Nurses' Ass'n v. Illinois, 783 F.2d 716 (7th Cir. 1986) (employment lawcomparable worth); Merritt v. Faulkner, 697 F.2d 761 (7th Cir. 1983) (right to counsel);
Javins v. First Nat'l Realty Corp., 428 F.2d 1071 (D.C. Cir. 1970) (property-implied

warranty of habitability); Williams v. Walker-Thomas Furniture Co., 350 F.2d 445 (D.C. Cir.
1965) (contracts); Grimshaw v. Ford Motor Co., 174 Cal. Rptr. 348 (Cal. Ct. App. 1981) (tort

law).
213.

PETERS, CHAOS AND ORDER, supra note 10, at 13.
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the use of these linear techniques upon which economic forecasts and
interpolation are based.
Second, according to the EMH, the result of market forces will be an
"equilibrium price" in which the quantity of a good, service, or financial
instrument offered for sale by producers will equal the quantity demanded
by consumers of the good, service, or financial instrument. Illustratively,
if there are too few buyers at a given price to "clear" the market, sellers will
either lower the price to induce more buyers into the market or curtail
production until quantity reflects the lower demand. Moreover, once
equilibrium is achieved, it will remain static until something, like war or the
introduction of new technology, perturbs the system.2 14
By about 1970, most of the economic academic community had
accepted the EMH, with its "rational investor" and linear assumptions
tagging along, as a model for at least the financial markets. Because the
EMH was subject to mathematical analysis, Kuhn, as early as 1962, said that
"'normal science' had taken over financial economics."2'15 Sometime
during the 1970s, however, the EMH started being "generally taught as fact"
without emphasizing the importance of the "normality assumption" inherent
in the statistical analysis used.2 16 That is, economics became very linearly
mathematical. Indeed, the mathematical sophistication and intensity of many
current economists led one young physicist who attended an interdisciplinary
conference on Chaos in 1987 to say:
"They [the economists] were almost too good".... "It
seemed as though
they were dazzling themselves with fancy mathematics, until they really
couldn't see the forest for the trees. So much time was being spent on
trying to absorb the mathematics that I thought they often weren't looking
at what the models were for, and what they did, and whether the underlying assumptions were any 'good. In a lot of cases, what was required was
just some common sense. 217
I do not include the foregoing quote as an indictment of either mathematics
or of economics but, rather, as an illustration of how deeply the assumptions
on which the math was based had become ingrained and ignored by
proponents of economic analysis. Indeed, many economists who have
embraced Chaos Theory see it as "extensions of current [traditional]
techniques" and "as a generalization of existing methods."2 8 I interpret
this to mean that traditional neoclassical technique and theory is good as far

214.
CAMPBELL

1978).
215.
216.
217.
218.

This is elementary supply-demand economics. For an introduction to such, see
R. MCCONNELL, ECONOMICS: PRINCIPLES, PROBLEMS, AND POLICIES (7th ed.
PETERS, CHAOS AND ORDER,

supra note 10, at 19.

Id. at 25.
WALDROP,

supra note 2, at 140 (quoting "a young physicist").
supra note 10, at 201.

PETERS, CHAOS AND ORDER,
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as it goes, but that it does not provide a comprehensive or complete model.
Stated another way, it seems that much of Economics is a complex system
that cannot be "calculated," as may simple systems. According to one
business author: "When a system is simple enough, we can compute its
future."2'19 For example, "[w]e no longer forecast lunar eclipses"-we
calculate them.22 Interestingly, law professor Robert C. Ellickson, who
devoted a substantial part of his "scholarly career to examining land-use
issues from a law-and-economics perspective,"22' reached a similar
catharsis about economic assumptions used in law and, perhaps further, law
itself.222 Much of his research used "a central proposition of law and
economics [called the Coase Theorem] that portrays people as bargaining to
mutual advantage from whatever starting points the legal system has
bestowed on them. '223 When he went to the field, however, he found,
"[i]n short, contrary to standard law-and-economics analysis, in many
contexts legal entitlements do not function as starting points for bargain"1224
ing.
In summary, as applied in economics, Chaos Theory hypothesizes new,
or at least modifies the old neoclassic assumptions underpinning economic
theory. It does so, as it does across disciplines, by shifting from a largely
static and linear view of the world to a more dynamic and nonlinear world
view. This shift in world view conforms with Tom Peter's warning to
business management that "the definition of every product and service is
changing.... [g]oing fickle, ephemeral .... [and that n]o comer of the
world is exempt from the frenzy. '225 In fact, he goes further--one part
of his new book includes the phrase "[n]ecessary [d]isorganization. "226

219. PRIESMEYER, supra note 2, at 175.
220. Id.
221. ELLICKSON, supra note 5, at vii.
222. Id.
223. Id.
224. Id. at viii; see, e.g., Nicholas Wolfson, Efficient Markets, Hubris, Chaos, Legal
Scholarship and Takeovers, 63 ST. JOHN'S L. REv. 511 (1989).
225. PETERS, LIBERATION MANAGEMENT, supra note 3,at 6.
226. Id. at 1. The phrase "necessary disorganization" means the organization of the
firm must allow all levels of employees the freedom to adjust, change, innovate, and execute,
as well as be flexible enough to provide support for these employees. It stresses firm
architectural organization as a micro-economic consideration. The importance of the macroeconomic considerations of societal organization and, in turn, the importance of cultural and
legal institutions within society was recently underscored by the award of a Nobel Prize in
Economics to Douglass C. North and Robert W. Fogel. These two economists questioned
several of the classic assumptions underlying economic theory.
Fogel's most controversial work argued that American slavery was efficient and made
sense economically. See ROBERT W. FOGEL, TIME ON THE CROSS (1974). "'It would be a
nice world if efficient processes were moral,' Fogel said. 'I don't think that has been the
history of the 19th and 20th Centuries. [The relevant point is that t]here is such a thing as

HeinOnline -- 61 Tenn. L. Rev. 978 1993-1994

1994]

TAO OF JURISPRUDENCE

Recall that Chaos Theory is the study of change. Thus, rather than
focusing on the "momentary status of the system," such as a single point of
equilibrium between supply and demand, it is interested in the pattern of
change.227 Professor H. Richard Priesmeyer illustrates the change in
perspective and emphasis in economics this way:
We left economics class that first day knowing one thing for sure: If
we raise the price, people will demand less of our product. But what we
should have remembered was the concept of that equilibrium point. And
when our instructors started shifting those lines around, we should have
paid close attention because that's when the dynamics of the price-quantity
relation emerged.... [T]here is another entire dimension that unfolds
when you draw layer after layer of shifting supply-and-demand curves.
Each chart is like a frame in a movie, and the equilibrium points on each
chart are connected to one another.... [S]ee the movie?22

Indeed, it is easy to visualize the graph plotting the changes described
in the block quote as looking similar to an electrocardiogram or a chart of
historical prices of a stock index or of cotton prices over time. Some of the
earliest work in Chaos Theory (or more to the point, in the discovery of
Chaos Theory) concerned the movement of cotton prices.22 9 Moreover,

morality, and morality is higher than economics."' R.C. Longworth, Nobel in Economics:
Four-peatfor U of C, CHI. TRIB., Oct. 12, 1993 (Evening Update Ed.), at C1.
North, on the other hand, criticized economic history for "its failure to play an important
role in understanding economic development and in providing policy guidelines for
development of third world countries and now Eastern European economies." William H.
Freivogel, North Dumped Marxism; Injection of Numbers Led to Laissez-Faire,ST. LOUIS
POST-DISPATCH, Oct. 13, 1993 (Five Star ed.), at A8. Concerning "institutions and their
effect on the American economy," North is quoted as saying: "We have more institutions that
work than don't work-patent law, secure property rights, a judicial system that enforces
contracts." Id. Further, he related the importance of these institutions to the development
of a market economy in Russia: "Stable property rights that encourage people to be
productive and a judiciary to enforce contracts, in Russia you have nothing like that. And
the prospects are very dim." Id. Indeed, the Royal Swedish Academy of Sciences in
Stockholm in describing North's accomplishments stated that he "has pointed out that
economic, political and social factors must be taken into account if we are to understand the
development of those institutions that have played a role for economic growth and how these
institutions have been affected by ideological and non-economic factors." 2 U.S. Economists
Share Nobel for HistoricalAnalyses, Hous. CHRON., Oct. 12, 1993 (Four Star ed.), at Al.
Another recent Nobel Prize winner in Economics is Ronald H. Coase. His work focuses
on the economic factors that cause institutional formation in both the private and public
sectors. While he is not as critical of economic assumptions as either North or Fogel, his
seminal work helps explain why groups of individuals form associations and, thus, is helpful
in understanding institutions.
227. PRIESMEYER, supra note 2, at 19.
228. Id. at 70.
229. See GLIECK, supra note 2, at 83-86; see also Wolfson, supra note 224, at 530-34
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economics continues to be a fertile source of Chaos research because many
markets are centralized and, therefore, offer "centralized record keeping" of
historical data.130 In fact, further studies of the stock market indicate that
it may sometimes move in patterns consistent with the pattern produced by
a chaotic strange attractor. 3 ' The idea that Chaos Theory may provide
further understanding of the stock market is underscored by the fact that
Doyne Farmer and Norman Packard, both Chaos pioneers, have joined
forces as "joint scientific chiefs" of Prediction Company. 32 The Prediction Company is a "newly formed corporation that aims to bring the power
of dynamical systems research to analyzing and predicting the movement of
financial markets, stocks, bonds, and currency. "233
Chaos and Complexity research in economics, however, goes beyond the
analysis of historical price trends. Recall the description of how the
equilibrium point is established in a supply-demand curve.234 That
discussion, and most all of economics, contains the assumption of diminishing returns. The idea of diminishing returns is that as supply is increased
the equilibrium price must go down. Thus, as total production of a good is
increased, the price of each additional unit will go down and a fortiori, so
will the profit. This kind of market feedback tends to stabilize the economy.
Professor W. Brian Arthur illustratively states: "The high oil prices of the
1970s encouraged energy conservation and increased oil exploration,
precipitating a predictable drop in prices by the early 1980s. According to
conventional theory, the equilibrium marks the 'best' outcome possible

(discussing the history and application of Chaos Theory).
230. GLIECK, supra note 2, at 85.
231. Id. at 271.
232. LEWIN, supra note 2, at 52-53.
233. Id. at 52. This is apparently a for-profit organization. See Michael D. Lemonick,
Life, the Universe and Everything, TIME, Feb. 22, 1993, at 63 (discussing Prediction
Company's application of Complexity to the stock market). Examples of the application of
Chaos to the financial markets are models proposed by Maurice Larrain and Tonis Vaga.
Larrain has developed the K-Z interest rate model "that combines a behavioral map based
on Keynesian economics with a nonlinear model based on past interest rates." PETERS,
CHAOS AND ORDER, supra note 10, at 187. Larrain's Z-map is his behavioral model while
his K-map is the nonlinear chaotic component of his model. Id. In operation, "during
periods of instability" the K-map dominates. Id. at 189. During periods of stability the Zmap seems to dominate. Id.
Vaga's approach "is a nonlinear statistical model." Id. at 192. His approach is more
dynamic than is Larrain's approach and it models four distinct market phases: (a) random
walks, (b) transition markets, (c) chaotic markets, and (d) coherent markets. Id. In order to
increase the possible states in the model, Vaga borrowed concepts from "a Theory of Social
Imitation, developed by Callan and Shapiro (1974) to model the polarization of public
opinion. Their model was, in turn, developed from the Ising model of coherent molecular
behavior in a magnetized bar of iron." Id. at 193.
234. See supra note 214 and accompanying text.
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under the circumstances: the most efficient use and allocation of resources."235 According to Arthur, one of the problems with this traditional
convention is that there exists only one equilibrium point, and he argues that
this conventional economic theory "does violence to reality" in many (but
certainly not all) parts of the economy.236
As an alternative to conventional economic theory, Arthur posits the
existence of "positive feedbacks" which in certain sectors of the economy
operate to increase rather than diminish returns.2 37 Arthur suggests that
resource-based economic sectors, like mining and bulk good production,
follow conventional diminishing return theory, while knowledge-based
economic sectors, like computers and pharmaceuticals, "are largely subject
to increasing returns. "238
In a nutshell, this means that "once random economic events select a
particular path, the choice may become locked-in regardless of the advantages of the alternatives. "239 Stated another way, certain economic decisions
are irreversible once they are made, much like when a tree "branches here
it forgoes the opportunity to branch there.... [Elven [at that] decision it
selects one course into the future and leaves behind all others....
Interacting with its own environment, it creates its own future. ' 240 Arthur
cites the videocassette recorder market as an example of such positive
feedbacks. In the beginning there were VHS and Beta VCR formats. The
market for VCRs represented increasing returns, because whichever format
could gain a small increase in market share (for whatever reason) would
dominate the industry. As it happened, VHS recorders got the small
incremental edge in market share, which consequently, caused VHS tape
rentals to increase. In turn, this slight advantage led to video outlets
stocking more VHS tapes, which encouraged even more individuals to
choose to buy VHS recorders instead of Beta recorders. 24' Thus, a small
increase in market share portended huge increasing returns for the VHS

235. W. Brian Arthur, Positive Feedbacks in the Economy, SCI. AM., Feb. 1990, at 92.
236. Id.
237. Id. at 93.
238. Id. The idea of increasing returns is not entirely new in economics though it was
dormant for about a half-century. See id. at 92-93. For a narrative about personal aspects
of Arthur's work, see WALDROP, supra note 2, at 136. Indeed, the basic component ideas
of Chaos Theory have been around in economics for some time. For example:
It is similar in many respects to conceptions of economic evolution suggested by
institutionalist, neo-Marxists, and other economic anthropologists. It has also enjoyed
a cautious revival among some mainstream economic historians. Recent work on
technological evolution by Mokyr has drawn explicit analogies between chaos theory
and economic evolution.
C.S. Poirot Jr., Institutions and Economic Evolution, 27 J.ECON. ISSUES 887, 894 (1993).

239.
240.

241.

Arthur, supra note 235, at 92.
PRIESMEYER, supra note 2, at 221.
Arthur, supra note 235, at 92.
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format, and the market for recorders entered a phase lock which finds
"parallels in modem nonlinear physics."24
Note that, in a sense, VHS dominance emerged out of an unstable
market that featured two equally matched products. In terms of Complexity
and Chaos, a phase transition took place. It certainly seems to me that
increasing returns in economics could be analogies for such things as trends
in the common law. Moreover, Complexity research has also turned its
attention to matters of macro-economic national policy such as foreign trade
and, even further, to whether Complexity and Chaos might have sociological
applications.
IV. A SYNTHETIC JURISPRUDENCE: SOCIETY, LEGISLATION,
COMPLEXITY, AND EVERYTHING243

From the economic perspective, "economic takeoff' typifies the application of Chaos Theory to sociology. Illustratively, in an economy reliant
upon the production of bananas, an injection of capital in the banana
industry will do no more than increase banana production. However, "if a
country ever managed to diversify and increase its complexity above the
critical point, then you would expect it to undergo an explosive increase in
growth and innovation."' 244 That is, the economy might undergo a phase
transition caused by the combination of investment and diversity, and it is
requisite diversity that is the harbinger of explosive economic growth.
Stated another way, "If innovations result from new combinations of old
technologies, then the number of possible innovations would go up very
rapidly as more and more technologies [become] available. '245 Diversity
moves the economy toward the edge of Chaos necessary for a phase

242. Id. at 99.
243. This title is a variation of the title of a news magazine's story about Complexity.
Lemonick, supra note 233, at 62 (article entitled "Life, the Universe and Everything"). The
magazine article gives a sand pile as another example of a complex system:
One of the easiest examples to understand is sand dunes, which maintain their overall
shape despite winds and sandslides. Researchers at IBM ...built an artificial dune, a
tiny sandpile ...to study this behavior in detail. In one experiment, they dropped
35,000 grains of sand onto the pile one by one. As the sides grew too steep-in some
cases, by only a single grain of sand-avalanches would make the pile collapse. Then
it would start growing steeper again, until it was time for the next avalanche.
Id. at 62-63. At least some researchers would probably call the sand pile experiment one of
catastrophe theory (which has been around for awhile) and which is but a subset of
complexity theory. For more about Complexity, catastrophe theory, and natural catastrophes,
see Per Bak & Kan Chan, Self-Organized Criticality,Scl. AM., Jan. 1991, at 46 (stating that
self-organized criticality can explain such phenomenon as earthquakes, economic markets,
and ecosystems).
244. WALDROP, supra note 2, at 126.
245. Id.
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transition. Trade might substitute for the injection of capital and internal
diversity. For example:
Suppose you have two different countries, each one of which is subcritical
by itself ... [N]ow suppose they start trading, so that their economies

become interlinked into one large economy with a higher complexity. "I
expect that trade between such systems will allow the joint system to
become supercritical and explode outward."'2 "
Further:
"So maybe we have the starts of models of historical, unfolding processes
for such things as the Industrial Revolution, for example, or the Renaissance as a cultural transformation, and why it is that an isolated society,
or ethos, can't stay isolated when you start plugging some new ideas into
it." You can ask the same thing about the Cambrian explosion: the period
some 570 million years ago when a world full of algae and pond scum
suddenly burst forth with complex, multicellular creatures in immense
profusion.247
You could ask the same question about (and draw the same analogy to) the
microeconomic level to help explain markets or the emergence of consciousness in the human brain.
The idea of emergence and the complex economy is consistent with the
observations and advice of Tom Peters,24 8 who, without adopting Chaos
246. Id. (quoting Stuart Kauffman). This quote very nearly is a sociological statement
with anthropological underpinnings. Although "[c]omputational approaches [i.e., the
computer modelling of complexity] to understanding the development of complex adaptive
systems are relatively new to any field,. . . [and they] are especially new to archeology," the
concept of phase transitions is being actively applied in the area. Tim Kohler, Prehistoric
Villages as Complex Adaptive Systems, SANTA FE INST. BULL. 30, 32 (1992) (Kohler is an
Associate Professor of Anthropology at Washington State University-Pullman). At least to
a lay person this application of Complexity makes sense and warrants further research. As
Kohler describes the issue:
If you were living near Dolores, Colorado, about A.D. 800, or near Los Alamos, New
Mexico, around A.D. 1250, chances are very good that you lived in a small hamlet with
no more than a few kin as next door neighbors. Fifty years later, in both areas, your
children would be living in villages several times that size. Archeologists refer to this
"phase transition" as agreation. Why villages form out of dispersed habitations here in
the Southwest, and in Neolithic and peasant societies all over the world, has become a
central problem in archaeology.
Id. at 30. (Kohler goes on to describe computer programs based on Complexity and Chaos
Theory addressing this problem). To the extent that Complexity applies to anthropology, it
is also a metaphor for law because there has long been a small number of researchers in the
"Anthropology and Law" school of thought. See, e.g., LAW AND ANTHROPOLOGY (Peter
Sack & Jonathan Aleck ed., 1992).
247. WALDROP, supra note 2, at 127 (quoting Stuart Kauffman).
248. PETERS, LIBERATION MANAGEMENT, supra note 3, at 490-92 (briefly discussing
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Theory and without discussing Complexity as do scientists, does view the
business world as nonlinear.2 4 9 Moreover, his advice parallels the four
characteristics of a chaotic system. For example, in addition to stating that
the business world is nonlinear (the first chaotic characteristic), he later
illustrates the unpredictability-deterministic dichotomy by saying, "Quality
can only be produced not controlled .... "250 Moreover, he stresses
decentralization and organizing business in project teams each containing
their own support structure (e.g., accounting) which seems to indicate the
recursive symmetry of Complexity. He also stresses the importance of
feedback by counseling managers: "[P]ay attention to Mr. Honda's formulation-'failure and introspection.' To support speedy failure is not to support
(or tolerate) sloppiness. It is imperative to demand (1) that something be
learned from each failure, and (2) that it be quickly followed with a new
modification." '
Peters also tacitly acknowledges the importance and
richness provided by the last characteristic-the idea of sensitivity to initial
conditions. He emphasizes that businesses should know and research the
state of the competition and build from that initial point and underscores the
advice with the following narrative:
In the successful Taurus/Sable program, Ford bought cars from around the
globe. They assessed over 400 features, from major performance
parameters to the ease with which the gas cap could be removed. The
objective was to become Best in Class (BIC) on most of these features;
with a creative mix of copying and marginal improvement, Ford feels it
reached BIC status on 80% of the 400.252
Finally, Peters stresses information and learning. Information and recall
might be the driving force in evolution.253 Critical physical states near a
phase transition are said to be information rich.25 4 Peters, in his inimical
style, states simply that "information . . . [is] everything. ' 255 Peters
continues: "Organizations are pure information processing machinesnothing less, nothing more: Organizational structures, including hierarchies,
capture, massage, and channel information-period. '256 In a nutshell,
Peters advised managers to beg, borrow, and, more accurately, network to

Chaos Theory).
249. See id. at 370.
250. Id. at 547 (quoting Joe Christian).
251. TOM PETERS, THRIVING ON CHAOS: HANDBOOK FOR A MANAGEMENT
REVOLUTION 261 (1987) [hereinafter PETERS, THRIVING ON CHAOS] (quoting Soichiro
Honda).
252. Id. at 234 (emphasis added).
253. See supra notes 178-79 and accompanying text.
254. See supra notes 183-85 and accompanying text.
255. PETERS, LIBERATION MANAGEMENT, supra note 3, at 109.
256. Id. at 110.
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gain information. His emphasis of networks and information are strongly
metaphoric for the operation of the brain. He also quotes the following
excerpt from Alvin Toffler's Power Shift:
"No nation can operate a 21st-century economy without a 21st-century
electronic infrastructure, embracing computers, data communications, and
the other new media. This requires a population as familiar with this
informational infrastructure as it is with cars, roads, highways, trains, and
'
the transportation infrastructure of the smokestack period."257
The above quote foreshadows the changes in both sociology and literature
caused by changes in technology. These changes have been noted in Donna
Haraway's Manifesto for Cyborgs wherein she "points out that information
technologies are bringing about far-reaching changes in the way boundaries
are conceived and constituted. 'Any objects or persons,' Haraway writes,
'can be reasonably thought of in terms of disassembly and reassembly; no
"natural" architectures constrain system design."' 258 One need only be
aware of the information revolution in the legal profession (brought about
by telephones, copy machines, fax machines, and computer research
capabilities) to understand how geographical location and economies of scale
are breaking down. In the wake of this revolution large firm structures may
be replaced by a shift to legal networks of individuals or a shift to small
clusters of individuals." 9 Such technological breakthroughs could also

257. Id. at 111 (quoting ALVIN TOFFLER, POWER SHIFT: KNOWLEDGE, WEALTH, AND
VIOLENCE AT THE EDGE OF THE 21ST CENTURY 369 (1990)).
258. HAYLES, supra note 2, at 282 (quoting DONNA HARAWAY, MANIFESTO FOR
CYBORGS 81 (1985)). For an introduction to sociology, anthropology, and Complexity, see
supra note 246.
259. This information revolution and the changes it may produce are similar to science
fiction. Hayles uses the following example:
In the science fiction novel Neuromancer (1984), for example, William Gibson imagines
a world in which computer cowboys jack into microcomputers interfaced directly with
their neural systems. When a cowboy fuses with a computer in this fashion, he enters
cyberspace, a theater of operators beyond conventional time and space. In this new kind
of space, intelligences (artificial and otherwise) sense each other's presences in ways
unique to the medium. Cyberspace is a world unto itself, touching the conventional
world at every point but remaining entirely distinct from it. The protagonist, a cowboy
who has been altered by subtle chemical torture so that he can no longer enter
cyberspace, considers life hardly worth living if he has to remain forever trapped in the
ordinary dimensions of spacetime.
HAYLES, supra note 2, at 275. This sounds a bit like the title of an imagined country song:
"Take My Husband But Please Don't Take My E-Mail." The term "cyberspace," by the
way, has already entered the working lexicon of law. A recent article, for example, states:
"[in the high-tech corridors of cyberspace, Mr. Rose and his lawyering skills are well
known, and he's frequently sought after by clients and attorneys alike for his expertise in the
burgeoning field of cyberlaw, those legal issues confronting the outline world." Rosalind
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lead to the emergence of a societal metaconscious, just as human consciousness is hypothesized to have emerged from "stupid" neurons, and the market
economy may emerge from individual purchase decisions.
Indeed, it seems to me that legislation could be seen as emerging from
shifting networks of individual legislators who, in turn, have been influenced
by shifting networks both within and outside their constituents (i.e., special
interest groups). This Complexity Model of Legislation, while developed
independently, turns out to be similar to the "garbage can model of
organizational choice.""z
Under this conceptualization, Congress is like an "organized anarchy," in
which there is no linear process for identifying a problem, defining
alternative solutions, and reaching a decision. Rather, salient problems,
possible solutions, and choice opportunities will coexist as separate
"streams" in the "garbage can" (the system). Sometimes problems are
resolved, sometimes they go away, sometimes the system despairs of
solving them. The outcome is dependent upon the "coupling of streams":
A problem becomes salient at the same time a solution becomes wellregarded and participants favoring the solution can seize the legislative
process 26for
1 that end. The outcome, in other words, is dependent upon
fortuity.
The quote oozes Complexity, Chaos-nonlinearity, coupling, and "fortuity. '262 On the other hand, "the public interest" is likewise too simple an
explanation for legislative behavior.2 63 Thus, it appears the role of
legislator, and for that matter of judge, influences behavior but is not a
sufficient explanation for the process. 2 4
The portion of the block quote relating to the timing of participants
seizing "the legislative process" also conjures up notions of eastern philosophy and is similar to the underlying principle of the martial arts: "'You
don't try to stop your opponent, you let him come at you-and then you
give him a tap in just the right direction as he rushes by. The idea is 26
to5
observe, to act courageously, and to pick your timing extremely well.'
Stated differently:

Resnick, A Shingle in Cyberspace, NAT'L L.J., Sept. 27, 1993, at 1 (emphasis added).
260. WILLIAM N. ESKRIDGE JR. & PHILIP P. FRICKEY, CASES AND MATERIALS ON
LEGISLATION: STATUTES AND THE CREATION OF PUBLIC POLICY 59 (1988) (quoting Cohen
et al., A Garbage Can Model of OrganizationalChoice, 17 ADMIN SCI. Q. 1 (1972)).
261. Id. (emphasis added).
262. Daniel A. Farber & Philip P. Frickey, The Jurisprudence of Public Choice, 65
TEX. L. REV. 873, 925 (1987).
263. Id. Perhaps these legislative assumptions are unacceptable, in the same way that
the rational economic person is unacceptable.

264. See generally id.
265.

WALDROP,

supra note 2, at 331 (quoting economist W. Brian Arthur).
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"Actually, you're just the captain of a paper boat drifting down the river.
If you try to resist, you're not going to get anywhere. On the other hand,
if you quietly observe the flow, realizing that you're part of it, realizing
that the flow is ever-changing and always leading to new complexities,
then every so often you can stick an oar into the river and punt yourself
from one eddy to the another."2
Thus, it is the observation of process and the timing of any intervention
that is important both in some eastern philosophy and in the "garbage can
theory" of legislation. It is also important in the business world. Indeed,
Tom Peters advises managers to become "process freaks" 26' 7 championing

the pursuit of horizontal organization and "management by bashing
bureaucracy,""26 which he characterizes in terms of "excessive rules,
'
regulations, and paperwork."269

Illustratively,

Peters states that at

Nordstrom Department Store the "absence of childish rules shifts the
employee's focus of innovation to precisely where the firm wishes it to be:
in pursuit of serving the customer better, rather than in pursuit of evasion
of the rules about toilet breaks." 7 0
This summarizes Peters major
"process" tenet, which is to empower employees to exercise individual
judgment free from stifling oversupervision.2 7' The tenet, in the vernacular of information theory, seems to seek the optimum mix between
redundancy (accuracy) and variety; 272 or, inthe vernacular of Complexity,
to drive the system to the edge of a phase transition.273
The emphasis on process in complex systems, which so enamors Tom
Peters, is probably the genius of the United States Constitution. The
Constitution is relatively short and, using the taxonomy of social control
systems from sociology, contains almost exclusively constitutive rules,
procedural rules, and controller-selecting rules. Therefore, the authority to

266. Id. at 330-31 (quoting economist W. Brian Arthur). Priesmeyer suggests basically
the same tact in the world of nonlinear business:
Visioning is synonymous with discernment, foresight, insight, imagination, and
dreaming. It is the process of defining the future. The concept flows from an
understanding that the state of a system in the past, at the present, and in the future is
deterministically defined by its initial condition and the forces that act on it.
PRIESMEYER, supra note 2, at 177. Therefore, he proposes: "Rather than trying to estimate
all the forces that act on a system in order to forecast the future behavior of that system, we
can vision the future and then act on the forces to create the visioned condition." Id.
(emphasis added).
267. PETERS, LIBERATION MANAGEMENT, supra note 3, at 709.
268. PETERS, THRIVING ON CHAOS, supra note 251, at 377.
269. Id. at 378.
270. Id. at 379.
271.

Id. at 378-79.

272.
273.

See supra note 182 and accompanying text.
See generally supra notes 131-34 and accompanying text.
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promulgate substantive, remedial, and many ?rocedural rules is left to the
three branches of operational government.' 4 In addition, the Bill of
Rights provides relatively simply stated limitations on the power of
government. Finally, the Constitution, but for the Bill of Rights, is a default
document in that it reserves all powers not specifically enumerated to the
States.
Robert Artigiani artfully states that the "Constitution, like ... grammar,
establishes the rules for making rules, the laws of the game rather than its
' and that these rules attempt to run a middle course "between
outcome,"275
'
those frightened most by anarchy and those most fearful of despotism."276
Artigiani states:
Once the Founders realized they were unable to identify a clear [or at least
a detailed] vision of what the new nation ought to be, they settled for
formulating the mechanism by which the United States, over time and
through experience, would define itself ... Instead of [making a] society,

the Founders described a national government. They decoupled the
behavioral expression of the social whole from the legal machinery of
politics.277

274. ELLICKSON, supra note 221, at 132-35. Therein, Ellickson defines each type of
rule. Very generally, constitutive rules determine the structure and relationships of
controllers (e.g., "various branches of government"); procedural rules "govern how
controllers are to obtain and weigh information before" decisions are made; controllerselection rules "coordinate the social-control domains" (e.g., conflict of laws, jurisdiction,
and choice of law); substantive rules "define what primary conduct-that is, conduct
unrelated to the making and enforcement of rules-is to be punished, rewarded, or left
alone"; and remedial rules govern the type of reward or punishment dispensed. Id.
As an aside, Ellickson also discusses the theory "that some norms are genetically hardwired." Id. at 153.
275. Artigiani, supra note 3, at 143.
276. Id. at 141.
277. Id. at 142 (citing Berthoff and Murnia (1973)). Explaining the U.S. culture in
a different context: "Wolfgang Mieder, the world's top proverb expert, is smitten with
'Different strokes for different folks.' It heads his all-time personal-proverb hit parade
because it is so American. 'It doesn't tell you what to do!' he says." Richard Wolkomir,

One Proverb Is Worth a Thousand Words,

SMITHSONIAN, Sept.

1992, at I11.

Other examples of law skirting the line between accuracy and flexibility seem to me to
include a whole host of enabling provisions in state statutes such as Business Corporation,
Partnership, and Limited Liability Company Acts. These provisions leave enormous room
for private ordering and flexibility. It also seems to me that there is a basic flexibility in the
general approach of prohibiting certain activities rather than only allowing certain activities
by legal prescription. Our statutory laws would be far easier to administer, more certain, and
far less complex if our general approach were the latter rather than the former.
A working example of the dichotomy between accuracy and flexibility in a truly
procedural context is Robert's Rules of Order. Anyone who has struggled with attempting
to apply these rules in all their glory in a small organizational setting can appreciate the
stifling effect caused by their redundancy for everyone to be heard.
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In doing so, they permanently endowed the nation with a phase transition
type of government between anarchy on one hand and brittle despotism on
the other. In other words, the Constitution allows the socio-political aspects
of the country to teeter on the nonlinear and dynamic edge of Chaos where
information-energy is high, but where it is ordered enough to perform work.
The Constitution, like grammar and the business organizational structure
suggested by Peters, forces society to walk the tightrope between redundancy (accuracy in replication) and variety. In short, it allows for evolution.
In conclusion and summary, Chaos Theory and the idea of emergence
seem to be deep metaphors for jurisprudence in the United States. The
complex pattern generated by a few relatively simple constitutional rules
seems to be replicated on both the legislative and common-law scales.
Moreover, brain science research indicates that law may indeed be a
recursive pattern of the brain itself and of the economy. The dynamic
pattern that unfolds is extremely sensitive to its initial conditions.
Given its interdisciplinary nature, I find the metaphor quite liberating,
even though it is speculation based on speculation, and may even be quite
naive. It helps explain many inconsistencies present in the legal system
while at the same time giving each of them a certain validity. Indeed, the
beauty and richness of the resulting fractals is generated precisely because
nonlinear equations have more than one correct solution.
One of Shannon's biggest contributions to information theory was in
shifting the paradigm of information and Chaos so that they were no longer
seen as opposites. 78 Moreover, in the first part of this essay I described
a binary, nonlinear equation by stating that the answer could be "this" or
"that." 279 The relationship between opposites is the heart of thought:
"'The "this" is also "that." The "that" is also "this" ..... That the "that"
and the "this" cease to be opposites is the very essence of Tao. Only this
essence, an axis as it were, is the centre of the circle responding to endless
changes. '' 280 Thus, the title of this Article: "The Tao of Jurisprudence:
278. See supra note 183 and accompanying text.
279. See supra notes 21-22 and accompanying text.
280. CAPRA, supra note i, at 114 (quoting CHUANG Tzu, CH'I Wu LUN (ON THE
EQUALITY OF THINGS), quoted in- FUNG YU-LAN, A SHORT HISTORY OF CHINESE
PHILOSOPHY 112 (Derk Bodde ed., 1948)). Other religions and philosophies also seem

somewhat consistent with Chaos Theory. For example, Native Americans of the plains and
prairie did (and do) not petition a Great Spirit. A more literal translation of the Lakota term
"Wakan-Tanka" is "Great Mysterious," and there is "no hard dichotomy" in this tradition
"between the Western categories of 'animate' and 'inanimate."' JOSEPH E. BROWN, THE
SPIRITUAL LEGACY OF THE AMERICAN INDIAN 15 (1982). Moreover, "mystic" traditions
have crept into many "mainstream" Western religions. The following quote from Thomas
Merton, for example, could just as well be from a book about Chaos Theory:
The heart of Heraklitean epistemology is an implicit contrast between man's wisdom,
which fails to grasp the concrete reality of unity in multiplicity and harmony in conflict,
but which instead seizes upon one or other of the conflicting elements and tries to build
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Chaos, Brain Science, Synchronicity, and the Law."

on this a static and one-sided truth which cannot help but be an artificial fiction....
[O]ur minds would in fact impose on the dynamism of the cosmos a paralysis willed by
our own compulsiveness and prejudice: and this would ruin the world. For if things
were the way we would have them be, in our arbitrary and shortsighted conception of
"order," they would all move in one direction toward their ruin, which would be the
supreme disorder.
A THOMAS MERTON READER 263 (Thomas P. McDonnell ed., rev. ed. 1974). Finally, the
Natural Theology branch of Christianity is also similar in some regards to the Chaos ethos.
For example, John Polkinghome wrote:
When I gave up being a professional physicist and became an Anglican priest, my life
altered in many ways. Yet there were certain continuities amid the flux of change.
What attracts young men and women to the study of the physical world, and holds them
to it despite the weariness and frustration inherent in research, is the marvelous way in
which that world is open to our understanding ....
It is the desire to understand the
world that motivates all those who work in fundamental physics.
A similar desire is part of the inspiration for the religious quest.
JOHN POLKINGHORNE, SCIENCE AND CREATION: THE SEARCH FOR UNDERSTANDING at xi
(1989).
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