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respectively, defending and clarifying the emerging position en route. While their stead-
fastness to the Winch cause is admirable, their arguments against the positions they 
find so objectionable are far too weak.

deAn rickles, Unit for History and Philosophy of Science, University of Sydney, Sydney, 
NSW 2006, Australia.

mArk A. BedAu and PAul HumPHreys (eds), Emergence. Contemporary Readings in 
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Emergence has become a pervasive word in today’s sciences. The present volume 
is an anthology of texts investigating the meaning and use of this word across philoso-
phy and science. Having all these writings collected is the first merit of this enterprise, 
which is supplemented by a website intended for continual updates. 

The riddle of emergence relates to the need to characterize phenomena as emer-
gent, since this characterization often seems compelling, but also to the fact that there 
are no accounts of emergence that are not scientifically or philosophically controver-
sial. Worse, the debates query whether emergence refers to anything real or not. Still, 
emergence is used to refer to unpredictability, irreducibility, conceptual novelty, down-
ward causation, and a number of other important scientific ideas. 

This book provides the background to understand why emergence has become an 
important interdisciplinary issue and where one might begin to make sense of it. It is 
a very timely and comprehensive inventory of the issues, methodological as well as 
philosophical, raised by apparently emergent phenomena. Bedau and Humphreys 
hold a strong philosophical thesis throughout the book, which guided the choice of 
papers. This may be summarized as follows. Emergence is a notion relevant to the 
sciences and whose understanding cannot avoid confronting actual scientific work 
in physics, biology, and computer science. They introduce their volume by noting 
that the current debates on emergence are different from the older ones (prior to 
the 1950s) precisely because the paradigmatically emergent phenomena, like traffic 
jams, phase transition, or burst of epidemics, are now within the scope of scientific 
understanding. Previous debates considered emergence to be outside science; here, 
emergence does not necessarily mean mystery and may, in some sense, indicate ex-
planation.

The volume includes both philosophical debates and scientific accounts of emer-
gence. In philosophy, the bulk of the debates revolve around the mind-body pro-
blem and the putative emergence of mental life within a material world. This debate 
since the 1970s has been dominated by the concept of “supervenience,” intended to 
capture the logical meaning of what emergence means. Basically, mental properties 
(A-level) supervene on physical ones (B-level); thus, any change in A involves a change 
in B-properties. Kim’s arguments against downward causation, therefore against “non 
reductive physicalism,” have been a prominent part of the debate, and many of the 
important milestones in this literature are included. Against the general orientation, 
the main stance of Bedau and Humphreys is that conscious life is neither the unique 
nor the most paradigmatic or important instance of emergence. This stance means that 
emergence is even more relevant for philosophy of science than for philosophy of mind 
or metaphysics and implies that philosophers interested in emergence should engage 
scientific theorizing on the topics. For this reason, the second part of the book collects 
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important scientific papers, before a third section which gives examples of the scientific 
as well as philosophical controversies about emergence. 

In the first section, there are papers to illustrate this philosophy-of-science oriented 
approach of emergence. Wimsatt’s account specifies the kinds of relationships between 
the parts of a whole that yield aggregative and, by contrast, emergent properties of the 
whole and a high emphasis is placed on non-linearity. This role of non-linearity is also 
found in the scientific chapters about emergence. Humphreys distinguishes emergen-
ce and supervenience, and shows that supervenience does not capture many cases of 
relationships between levels of properties found in the sciences, for example quantum 
entanglement. Bedau suggests a definition of emergence in terms of “underivability ex-
cept by simulation,” which echoes Wolfram’s definition of undecidability in universal 
cellular automata, a notion that has been valuable in the field of artificial intelligence.

There are three main consequences of Bedau and Humphreys’s orientation for the 
book. First, there are many cases of emergence, not just consciousness, so that fin-
dings from throughout science are crucial for the philosophy of emergence. Thus, the 
introduction cites several cases of phenomena as test cases, which people easily label 
“emergent,” although this characterization might not always withstand the confronta-
tion with a robust concept of emergence. Among these are fads, traffic jams, flocking 
behavior of birds, patterns in the Game of Life, etc. While the first philosophical issue 
about emergence is forging a coherent concept against arguments that would prove that 
emergence cannot take place, another issue is whether in the actual world something 
which falls under this concept really exists. Second, this raises the issue of whether 
emergence is a binary property, or whether it comes by degrees, since several phenome-
na from the sciences suggest this character of emergence. Finally, this stance highlights 
the importance of the distinction between “synchronic” and “diachronic” emergen-
ce. The emergence of mental states or consciousness, as it is usually discussed in the 
philosophy of mind, is synchronic in the sense that emergent states are given together 
with their bases. Yet many cases of emergence, e.g. flocking behavior, would take some 
time to emerge. The novel criterion of weak emergence by Bedau, in this sense, mostly 
concerns diachronic emergence.

The introductions of each section provide clear statements of what the main issues 
are and how the extant rival views could be framed. Given the nature of the book, it 
is impossible to synthesize a collective position, so the reader will find many attrac-
tive and often competing views of what emergence could mean and where it could be 
found. one important observation emerging from the text’s discussions and topics, 
is that emergence, if it has any scientific meaning, does not necessarily contradict the 
reductionist methodology.

Interestingly, the role of physics is not as simple as one would assume given the 
philosophical literature that often equates physics with reductionism. Many physicists 
believe that emergence appears within physics and, therefore, the reductionist program 
fails because the “theory of everything” from quantum mechanics cannot account for 
phenomena involving many entities and broken symmetries. As Anderson states, “we 
expect to encounter very fundamental questions at each stage in fitting together less 
complicated pieces into the more complicated system, and understanding the basically 
new types of behavior which can result” (227). one of the strongest theoretically con-
structed cases of emergence is given by the chemical phenomenon of aggregated mi-
celles emerging from monomers and polymers, studied by Rasmussen, that construct a 
hierarchy of levels described by emerging languages. 

Besides condensed matter physics, other sources of the renewed understanding of 
emergence are illustrated by computer sciences; cellular automata, and genetic algo-
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rithms or agent-based modeling. All these provide concrete examples of how unpredic-
table phenomena at a macroscopic level can be produced by rule-directed phenomena 
at a microscopic level. According to Ronald, “surprise” in considering the late results 
of this behavior is one test of emergence. Several chapters emphasize that phenomena 
can be described in two languages, possibly according to two levels and that the mis-
match between these two languages is what we mean by emergence. In the computer 
science-based accounts of emergence, one finds many ways of reconciling reductionism 
and emergence. As the editors indicate, unlike in philosophy, reductionism “in princi-
ple” is not what scientists would challenge, because it is tantamount to common sense 
among many scientists. But reductionism’s failure “in practice,” raises concerns about 
emergence. Undoubtedly, the volume demonstrates that new techniques of modeling 
have altered our understanding of emergence and its pervasiveness. The well-known 
paper by Schelling shows how racial segregation arises through non-racist individual 
choices, thus providing an early witness of this trend. Simon also distinguishes succes-
sive approaches to complexity and then emergent phenomena in the early 20th-century 
controversies about holism, in mid-century cybernetics, and finally in chaos theory and 
catastrophe theory and their computer models; in the two last cases, reductionism is 
not challenged by the interest on complexity, but inversely one aims at explaining “the 
mechanisms sustaining complexity” (249). 

Chaos theory (as well as self-organisation) is represented by several papers in the 
book. Deterministic behavior produces randomness which still displays patterns at 
a higher level, such as “strange attractors” in phase spaces. Within this perspective, 
formal regularities underlie emergent phenomena in many fields, including physics, 
ecology, and biology. one should wonder whether emergence resorts to a universal 
approach or whether specific styles of emergence pertain to specific fields, as is sug-
gested in the chapter by Anderson on physics. In any case, the entanglement between 
complexity, emergence, and non-linearity is pervasive throughout the book and, 
at the same time, is methodologically tied to computing techniques to which 
theoreticians turn when analytical methods become unavailable. The theory of 
complexity classes in computer sciences, as illustrated by Wolfram’s chapter, is 
therefore quite relevant to any account of emergent phenomena.

Among the general issues stated in the book’s introduction, two are con-
stantly recurring. First, is emergence just “in the eye of the beholder,” or in-
dependent of the explanatory perspective adopted? While many philosophers 
would embrace only epistemological emergence because of their commitment 
to reductionism, some scientific views, in physics of condensed matter as well 
as in computer science, provide arguments for a sort of ontological emergence. 
Second, is reality structured by “levels,” the level-talk being often used when 
one considers emergence? For instance, within physics Anderson would argue 
for the (nomothetic) autonomy of many levels. Inversely, Weinberg argues that 
particle physics is more fundamental because the “arrow of explanation” con-
stantly points to it (354). In this regard the distinction between emergence of 
structures, of function, and of computation in other chapters is also accurate. 

The life sciences are informed by these debates. As stated at the book’s be-
ginning, organisms may seem emergent upon cells, or cell physiology emergent 
upon chemistry. other instances of emergence are met in evolutionary history, 
if one considers that some forms were unpredictable. Collective behaviors of 
animals, as modeled by computer simulations, are also prima facie emergent. 
Undoubtedly and whatever his/her field is, the life scientist will benefit from 
reading the philosophical discussions on the concept of emergence, as well as 
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considerations by those physicists or computer scientists who construe a con-
cept of emergence in order to capture the phenomena of interest. Two questions 
could arise from this reading. First, is there something specific to emergent phe-
nomena qua emergent, when they happen in biology? Perhaps the answer would 
involve considering the role of natural selection and comparing natural selection 
to self-organisation. Second, can a general understanding of what emergence is 
and of how it occurs contribute to current problems and debates within biolo-
gy? Raising this question will plausibly involve a strong attention to Artificial 
Life and its relevance to biology, a field where the emergence-talk has strikingly 
increased in the last decades. The pages devoted by Crutchfield to the contro-
versies between selectionists (or adaptationists), historicists, and structuralists 
and how one could reconcile inadequate positions, are of high interest for any 
biologist and suggest a positive answer to this question. 

In this sense, both functional and evolutionary biology, with those recent extensions 
into synthetic biology and artificial life, raise issues about whether emergence means 
anything, actually occurs, and/or could be scientifically understood. For scholars of 
the life sciences, Bedau and Humphreys’s collection therefore represents a theoretical 
tool likely to constantly provide new perspectives. Those who are skeptical about the 
constant appeal to “emergent properties” will find arguments in favor of a rigorous 
mean-ing of emergence, whereas those who tend to admire emergence all over the pla-
ce in living nature will experience the strength of critical arguments against this invoca-
tion, as well as discover how theoretically difficult it is to forge a satisfying concept of 
emergence. In any case it will change their previous views of the topic. The book is also  
perfect material for assigned reading in classes or graduate seminars about complexity 
or emergence in the current life sciences.

PHiliPPe HunemAn, Institut d’Histoire et de Philosophie des Sciences et des Techniques 
(CNRS/Université Paris I Sorbonne), 13 rue du four, 75006 Paris, France.
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In Atavistic Tendencies, Dana Seitler introduces us to a varied cast of curious cha-
racters – Unzie the Hirsute Wonder, Wolf man, Fu Manchu, Tarzan, and others – in 
an exploration of atavism as a surprisingly pervasive late nineteenth and early twen-
tieth century concept. In addition to serving as an intriguing focal point for discussing 
a cultural landscape dominated by the influence of Darwin, atavism here provides a 
novel entry into discussions over the nature of modernity. Seitler takes her cue from 
Bruno Latour’s argument that modernity is built on attempts to purify binaries such 
as culture-nature or man-animal and that these attempts often result in the prolifera-
tion of “hybrids” that combine elements of nature and culture, for instance. Although 
modernity might define itself in terms of progress, after Darwin we see the emergence 
of atavistic subjects that function as hybrids bridging the past and present, animal and 
human. It is in this sense that atavism, for Seitler, represents an important challenge to 
efforts to approach modernity as coherent and temporally distinct.

Seitler finds in the work of Sigmund Freud and Cesare Lombroso precisely this 
kind of effort to separate the modern from its animal past. In approaching Freud as a 
source for scientific thinking about atavism, Seitler builds in interesting ways on work 


