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Thisreview article deals with four recent books exploring issues of emergence and self-organization. Three
of these also deal with issues of materialism and religious worldviews, while one charts the history and
philosophical unerpinnings of emergentist thought.
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I ntroduction

Michael Polanyi isgenerally regarded as having made a significant contribution to the philosophy of
science by emphasizing the role of tacit knowledge in scientific practice. However, in more recent years,
Polanyi’ swork has al so been mentioned with regard to developmentsin various sciences regarding so-called
‘emergent processes.’! Inthefollowing, | review four recent books that may be of interest to those interested
in chaos theory, self-organization, and emergent processes. And though these books do not directly address
Polanyi’ sideas, they canbesaidto bewritteninhisspirit. Andy Sanderscharacterizestheaim of Polanyi’ swork
as“therestoration of meaning,”? indicating that Polanyi attempted to counter scientistic claimswhile arguing
for the meaningful ness of the universe and are-assessment of humanity’ splacetherein. In other words, Polanyi
aimed at ascientific redefinition of our current worldview. All of thefollowing bookscan be said to be attempts
to show how scienceitself has the potential to change our worldview.

Barr’s Modern Physics and Ancient Faith

At least one cause of the recent interest in emergent phenomenais that many people have, and some
scientists give the impression, that the sciences of emergent and self-organizing processes are preeminent
among the scientific developments giving rise to a new worldview in opposition to the old, Newtonian
worldview in which reductionism and materialism ruled supreme. Stephen Barr, a professor of physics at the
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Bartol Research I nstitute, University of Delaware, arguesthat already the new physicsgivesreason to question
thevalidity of theoldworldview. Barr arguesthat our knowledgeof thelower levelsof our reality, thosestudied
by physics, does not warrant the assumptions of reductionism and materialism. Admittedly, Barr’ sbook isnot
so much about emergence, mostly regarded as a higher-level phenomenon. The emphasis of Barr’ sbook ison
materialism, and he argues that materialism “is not science. It is merely a philosophical opinion” (1).
Materialism is not based on science but on certain assumptions about science — assumptions which may be
questioned. In his book, Barr argues that physical data may very well lead to other conclusions.

In effect, Barr’ saim isapologetic. Since materialismisan “ anti-religious mythology” (4), debunking
materialism may give room for religious reflections. But what is more, Barr argues that “science can by no
means explain away the rich design of nature and its laws. Science has only shown that design to be more
magnificent than anyone had ever dreamt. Therefore, the Cosmic Design Argument for the existence of God
till stands. Indeed, it is stronger than ever before” (108). However, though Barr emphasizes design, heis not
an exponent of the Intelligent Design movement, though he shows sympathy towards Intelligent Design by
arguing that thereisinsufficient data“to provethat natural selection by itself is capable of doing thewholejob
of driving evolution” (110).

Barr thusnot only arguesthat theold reducti onist and materialist worldview issuperseded by scientific
data, leading to anew worldview, but also that religiousreflection hasavalid place within that worldview and
is backed up by data from physics. His argument is divided in five parts. In the first part he describes that
antagonistic relationship between religion and materialism. In the second part he describes how the Christian
doctrine of creation resonates with the Big Bang theory. The third part deals with the question whether or not
the universe is designed. |s everything the result of chance? But then, what about the highly ordered laws of
nature? And what about beauty and symmetry intheuniverse? Design, in Barr’ sconclusion, isundeniable. The
fourth part dealswith the place of humanity in the cosmos. Barr explores the anthropic principle and the fine-
tuning of theuniverse, which againisseento beconsonant with atheisticworldview. Thefifthpart, finally, deals
with human nature, exploring questions about free will, the computational mind, and the connection between
guantum theory and the mind.

The book iswell-written and Barr is able to explain complicated theoriesin relatively ssimpleterms.
It could therefore be useful for introductory coursesin religion and science. For most scholarsworking in the
field of science and religion, however, the book does not cover new ground and its conclusions are not new.

Bird’s Chaos and Life

Bird's book clearly arose out of dissatisfaction, or at least unease with the current Neo-Darwinian
paradigm, which purportsto explain the origination and evolution of life, but which isalso unableto fulfill its
promises—or so Bird claims. What Bird proposesinthisbook is, in effect, anew paradigm based onthe sciences
of chaos and complexity (or self-organization) and on the principle of iteration. Bird needs quite some pages
to explain the principles of deterministic chaos and self-organization. He concludes that in chaotic and self-
organizing systems, iteration is the crucial element. Mathematically, iteration entails that the output of a
calculation is consistently used as an input for the next calculation. Hence, a feedback cycle occurs. Many
chaotic and self-organizing systems are the result of iterative processes. Now, thetitleindicates that the book
is about chaos and life. However, | believe that, apart from being a catchy title, it does not quite fit the bill.

Although the book discusses chaos theory, it really is about one aspect of mathematical chaos, i.e., iteration.
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Chaosis only used as an illustration to make plausible the idea that iterating a simple calculation may yield
complex results.

Iteration clearly isacomputational process, and here we encounter one of the consequences of Bird's
approach: it might be (and Bird is suggesting that it actually is the case) that organisms are constituted by
computational processes. Or, evenmoreradically put, organismsarethemselves* living computers’ (asthetitle
of the seventh and central chapter of the book indicates). Inthe cells of living beings, acomputational process
takes place using DNA (especially the repeat sequences, which in the ‘old’ paradigm are regarded as ‘junk’
DNA). Cells are thus something like a Turing machine. However, computational processes are not limited to
the cellular level, but also cause emergent propertiesto come into existence. At those emergent levels, again
iterative computationstake place, yielding still more complex phenomenato occur. Ultimately, what we have
here is a new worldview or metaphysics, the “iterative-sequential view” (258). Bird contrasts his new
worldview with the current “random-selection” worldview (259). According to Bird, nothing happens at
random, but all events follow a pattern which is based on iterative computational processes and procedures.
Because our world is finite, true randomness cannot occur; at most some processes are pseudo-random.
Seemingly random events or coincidences, which areinexplicable in the old random-sel ection paradigm, for
thenew iteration-sequential worldview are systematic phenomena(260); they areto be expected duetothe self-
similar structuresof our world: “ Thesamethingswill be expected to happen at the sametimein different places;
if they did not, the world would not beiterative” (254). Thus, since the current scientific paradigm, based on
a combination of randomness (mutation) and selection, no longer suffices to make sense of the world around
us, why not see our world as a giant computer? Though Bird cautiously speaks about his iterative-sequential
view asa‘'model,” healsoisquite confident that thismodel is better able to make sense of our world thanisthe
old, random-selection paradigm.

Bird's position in more than one way has affinities with Intelligent Design. Bird, in a sense, is
proposing a Kuhnian paradigm shift which, ultimately, could result in a scientific revolution. In that sense, |
found Bird’ sinitial positionresemblingthat of Intelligent Designtheorist William Dembski, who aimsat anew
science without naturalist metaphysics and methodology. Also, as | see it, Bird's model could be made
compatible with another idea from Intelligent Design. For, as Bird argues, organisms as living computers are
built by nature: “ Thiscomputer wasdesigned[!] whenthenucl eic acidsandtheir rulesof manipulationevolved”
(137). Though Bird casually speaksabout ‘ nature’ ashaving donethe designing, theists might arguethat it was
God who breathed fire in the equations. However, in general, | believe that Bird is more of a naturalist than
Intelligent Designers would like.

Bird's position also occasionally reminded me of Stephen Wolfram's bestselling A New Kind of
Science (Champaign, II: Wolfram Medialnc. 2002). By referring to cellular automata, Wolfram argued that the
universeisacomputer. Bird complements Wolfram’ spositioninthat he startswhere Wolframleft off: with the
practical implementation of the computational worldview in scientific research. Thisat oncealsoindicatesthe
problematic element adhering to both Wolfram’s and Bird' s position: determinism with reductionist tenden-
cies. According to both Wolfram and Bird, everything in the universeisthe result of calculations, and nothing
happens that was not somehow in the equations governing the universe. If one would only know all the
equations, as well as the initial conditions, one would have a “theory of everything” of the kind Stephen
Hawking islooking for. Bird, however, is aware of the finiteness of the human mind, and argues that, though
chaotic systems are deterministic, they are and forever will be unpredictable, because we have no complete
knowledge of theinitial conditions. Hethusrightly concludes (on pages 56-58) that the Newtonian worldview,
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in which determinism equaled predictability, is passé. Ever since Poincaré discovered the insolubility of the
“three-body problem” we know that determinism does not entail predictability.

Bird, however, seemsto wrestlewith the consequence of adeterministic worldview. Ontheonehand,
Bird adopts a metaphysicsin which the universeis a“universal Turing machine,” in which true randomness
cannot occur. However, ontheother hand, Bird still speaksabout “mutations” in biol ogical species, for instance
the mutations that shape different species (145). In biology, the term “mutation” indicates a random event.
However, though Bird seems to adopt the standard-use of the term in contemporary biology, since he argues
at pointsthat thereisno genuine randomnessin our universe, itisnot clear in what way theterm should betaken
in his new “computed morphology hypothesis,” as he occasionally calls his model.

Bird’ shook isinteresting for itsbol dness, but that at the sametimeisitsbiggest weakness. Therehave
been many bookswhich argue that chaos theory and sel f-organi zation will revol utionize science, but what one
sees so far isthat scientists are perfectly capable of incorporating chaos and complexity within their current
paradigm. Moreover, the idea that some structures in the universe may resemble Turing machines may have
some scientific value (though this still needsto be proven — Bird' sideathat junk DNA has a definite function
in cellular computations still needsto be experimentally tested), but his metaphysical ideathat our universeis
aUniversal Turing machinenot only is counter-intuitive but Bird isincapable of presenting any hard scientific
evidenceto support that idea, besides pointing to dendrite structures that one often encountersin our universe.

Taking even more distance from the book, theimplausibility of itsthesis may also have something to
do with the lack of definite structure, which can be illustrated by describing the different chapters. The first
chapter introducesthe mathematical concept of iteration. Then Bird goesonto describehow biology isincrisis
(chapter 2 and 3). In chapters 4 and 5 all of a sudden we go back to a description of chaos theory and
“chaostability.” Chapter 6 describesfractals and the pervasiveness of fractal structurein theuniverse. Thenin
chapters7 and 8 we comeback to biology tointroduce Bird’ scomputed morphol ogy hypothesisanditspossible
rolein evolution. In chapter 9 we get a presentation of information theory, entropy and randomness. Chapter
10isaphilosophical discussion about the eff ectiveness of mathematical procedurein describing and explaining
our universe. Chapter 11 is ashort chapter about life and conflict, paradox and contradiction (frankly, in my
view this chapter adds nothing but confusion and could easily have been left out). In chapter 12, finally, we get
to the grand finale; here the metaphysical consegquences of Bird’s view are shown (including a discussion of
mystical experience and God). In between there are expositions of the role of beauty, time and timel essness,
ethics, Leibniz's monadology (which Bird in atered form adopts), and what have you. | must admit that at the
end of most chapters, Bird givesasmall summary of themainideas of thechapter, whichaidsinretracingone's
steps. Still, 1 believe the structure of the book is quite confusing and would have benefited from some sturdy
editing.

The Significance of Complexity

What are the consequences of complexity science for the humanities? This question is the focal
question of the book edited by theologian Kees van Kooten Niekerk and physicist Hans Buhl. The book isthe
product of a series of lectures organized by the Danish Science-Theology Forum in 1999-2000. In this book,
the concept of complexity is approached from three perspectives: the natural sciences, the humanities, and
theology. An introduction by the editors provides for the uninitiated a clear and concise introduction to the
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concept of complexity, aswell as an overview of the various articles.

The scientific part of the book contains articles by Claus Emmeche, Thiemo Krink and ajoint article
by Hinnerk Boriss and Volker Loeschcke. Emmeche’s article stands out in giving an in-depth view of
complexity science which in a sense builds further upon the introduction of the editors. Krink describes the
valuable role of computer modeling in complexity research, while indicating that computer modeling hasiits
limitations. Hewarns us especially not to confuse modelswith reality. Boriss sand L oeschcke’ sarticleargues
that complexity theory can promote amore holistic understanding of biological systems. Thisisillustrated by
looking at the stress response in vertebrates and invertebrates. Boriss and L oeschcke devel op their argument
in such technical manner, that it is out of balance with the level of most other papersin the book.

Thetwo articlescomprising the humanities section seem promising but are disappointing, asthey only
encompass aesthetics and philosophy. Bo Kampmann Walther attempts to give us insights into the role of
complexity ininteractiveart, but the terminol ogy which he uses cloudshisargument in obscurity. Psychol ogist
and mathemati cian Hans Siggaard Jensen showshow compl exity |eadsto theacknowledgment that we canonly
make sense of theworld using different descriptions and explanations. Themost we can gainisakaleidoscopic
view of the world, and aunifying account seemsimpossible. Though Jensen’ s article rai ses someinteresting,
though familiar points (some of which were aready made by Nicholas Rescher and are a'so made by Niels
Henrik Gregersen in his contribution), | was not sure why the editors put the article in the humanities section,
sinceit is basically acritique on the aims and methodological assumptions of the natural sciences.

| found the third section, dealing with theology and complexity, the most interesting. Niels Henrik
Gregersen exploresthevariouswaysinwhichthe sciencesof complexity arerelevant for theological reflection.
Thisexploration proceedsin three stages: first, an expl oration of seven different kindsof complexity; secondly,
acritiqueof Wolfram' s(and, implicitly, Bird' s) notionthat the universeisacomputer (though Gregersen admits
that computersare useful in describing and explaining the workings of the universe); and thirdly, a Trinitarian
exploration of complexity regarded as the workings of the activity God. Giinter Thomas, in the second paper
of the section, uses the sociologist Niklas Luhmann’s ideas about complexity, and argues that theology is
‘hyper-complex’ in the sensethat it not only reflects upon the complex world, but al so entailsa self-reflection.
To reduce the complexity, theology focuses on some specific relations, specifically the relation between
theology and the Bible. How such acomplexity reduction worksisthen shown by looking at how the biblical
notion of new creation can be the focus of the interaction between science and theology. | admit that the point
of thisarticle to me was not entirely clear, but that might have something to do with my lack of knowledge of
Luhmann’ stheory (whichisextremely complicated). Inthefinal paper of this section, theologian Wentzel van
Huyssteen addresses the idea of * human uniqueness’ in science and theology by looking at scientific theories
about the emergence of our cognitive capacities. Hearguesthat from ascientific perspective, the split between
humanity and the rest of creation isabsent. Y et Van Huyssteen believes we are entitled to speak about human
uniqueness when looking at the interaction of specialized modules in the human brain that is responsible for
the emergence of art, technology, religion, and science and other aspects of human culture.

Overall, thisisavaluable book, since it addresses the interaction between concepts from the natural
sciences and the humanities. It contains some outstanding papers, notably the Introduction and the papers by
Emmeche, Krink, Gregersen, and VVan Huyssteen. Neverthdess, | also am critical inthat somearticles(such asthose
by Borissand L oeschcke, and by Walther) should have been thoroughly edited. However, my biggest criticismis
methodol ogical: theinput from the humanities could (and should) have been bigger. Every article still takesits
lead from the natural sciences, thereby implicitly emphasizing the priority of the natural sciencesin academia.
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Stephan’s Emergenz

Stephan’s book on the historical and philosophical aspects of the concept of emergence is, in my
opinion, the most interesting of thefour. Thisbook isarevised version of Stephan’ sHabilitationsschrift at the
University of Karlsruhe. However, unlike most German Habilitationsschrifte, Stephan’s book is relatively
short (less than 300 pages) and is written in a clear, non-technical style.

Stephan begins by tracing the historical context in which reflection about emergencetook place early
inthetwentieth century. Thisisthedebate between mechanist andvitalist worldviews. Asamiddieway, Samuel
Alexander, Conwy LIoyd Morgan, Roy Wood Sellars, and Charles Dunbar Broad came up with the concept of
emergence. Stephan identifies nine characteristics of their use of the concept of emergence and systematically
analyzestheir interrelations. It is quite striking to find out that, unlike many emergentist thinkers nowadays,
these early emergentist thinkers were quite drastically committed to a deterministic worldview. The result of
Stephan’s analysis is a concise and useful ‘map’ which charts the different theories of emergence and their
emphases.

Next, Stephan traces the beginnings of British emergentist thought in J.S. Mill’s A System of Logic,
while also pointing to Continental theories of emergence. He outlines and analyses arguments against
emergentist theories and eval uates counter-arguments. Thereafter, he explores the contemporary renaissance
or ‘second wave' of emergentist thought, in philosophy of mind, the sciences of self-organizing systems, and
chaostheory (arguing that, ironically, chaotic behavior may have more emergent characteristics than the self-
organi zing processes described in many contemporary compl exity theories). Stephan predictsthat thiswave of
interest for emergence will remain for awhile.

For me this book has become a primer on emergence. A minor flaw may be that the author nowhere
specifically characterizes the difference between ‘emergence’ and ‘ supervenience,’ or that he does not really
develop aposition of hisown with regard to the usefulness of the concept of emergencein scientific literature
(which, in personal communication, Stephan argued, was caused by his doubts about the scientific usefulness
of the concept of emergence). But these are merely minor points. The book’s strength is that it provides a
rigorous philosophical analysis of emergentist theories past and present, as well as a critical and systematic
apparatuswhich can be used to eval uate contemporary and future emergentist theories. Unfortunately for many
in the English-speaking community, the book iswritten in German. However, for thoseinterested in acquiring
an English version of thisbook thereisal so good news, asan English translation isin preparation, probably due
for 2006.

Notes

1 See, for instance, the responsesto Philip Clayton’ scontributionin Tradition & Discovery 29 (2002-
2003), Andy F. Sanders's ‘On Reading Part IV of Personal Knowledge: a Finalism or a Simple Vision?
(Tradition & Discovery 30 (2003-2004), 24-34), and Phil Mullins, ‘ Polanyian Footnotesto “ From Biology to
Consciousnessto Morality”’ (Tradition & Discovery 30 (2003-2004), 22-30).

2Cf. A.F. Sanders, Michael Polanyi’ sPost-Critical Epistemology: A Reconstruction of Some Aspects
of Tacit Knowing. Amsterdam: Rodopi 1988, 227-229.
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