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      1. Reduction and Emergence in Science Patricia Palacios patricia.palacios@sbg.ac.at Department of Philosophy University of Salzburg July 20, 2021 SUMMER SCHOOL ON MATHEMATICAL PHILOSOPHY FOR FEMALE STUDENTS 1 / 38 Contents 1 Course Outline 2 Preliminary concepts 3 Questions to be discussed in the course 2 / 38 Contents 1 Course Outline 2 Preliminary concepts 3 Questions to be discussed in the course 3 / 38 Course Outline • Lecture 1: Class Introduction and Overview • Lecture 2: Philosophical Models of Reduction • Lecture 3: Emergence and Reduction in Physics • Lecture 4: Emergence and Reduction in the Special Sciences 4 / 38 Contents 1 Course Outline 2 Preliminary concepts 3 Questions to be discussed in the course 5 / 38 How the story begins... 6 / 38 Democritus and the reductionist hypothesis “By convention hot, by convention cold, but in real- ity atoms and void, and also in reality we know nothing, since the truth is at bottom.” (Democritus) 7 / 38 Grasping the notion of emergence 8 / 38 What does “emergence” mean? “there does not exist, and I believe there will not exist in the near future, a single, overarching theoretical framework for [emergence]” (Humphreys 2016, p. xvii). 9 / 38 Emergence as an intermediate position (S. XIX) Anti-reductionist ‘vitalists’ (Descartes; Haldane) British Emergentists (e.g. Mill, Broad) Reduction-minded ‘mechanists’ (Laplace; Hobbes) 10 / 38 Core idea of emergence There seem to be a consensus in the literature that emergence is a relation between two relata, i.e. the emergent and the basis, which satisfies at least two theses, one establishing a certain dependence of the emergent upon the basis and the other establishing a certain independence of the former upon the latter (O’Connor 2015, Guay and Sartenaer 2016, Humphreys 2016). 11 / 38 British emergentism: Mill’s definition of emergence All organised bodies are composed of parts, similar to those com- posing inorganic nature, and which have even themselves existed in an inorganic state; but the phenomena of life, which result from the juxtaposition of those parts in a certain manner, bear no anal- ogy to any of the effects which would be produced by the action of the component substances considered as mere physical agents. To whatever degree we might imagine our knowledge of the proper- ties of the several ingredients of a living body to be extended and perfected, it is certain that no mere summing up of the separate actions of those elements will ever amount to the action of the living body itself. (A System of Logic, Bk.III, Ch.6) 12 / 38 Parts-whole emergence: The whole is more than the sum of the parts The total effect of several causes acting in concert is not identical to what would have been the sum of effects of each of the causes acting alone. 13 / 38 14 / 38 15 / 38 Broad’s The Mind and Its Place in Nature (1925) Mechanist (reductionist) position according to Broad: [It is the belief that there] is one and only one kind of material. Each particle of this obeys one elementary law of behaviour, and continues to do so no matter how complex may be the collection of particles of which it is a constituent. There is one uniform law of composition, connecting the behaviour of groups of these particles as wholes with the behaviour which each would show in isolation and with the structure of the group. (1925, p. 76) 16 / 38 Broad’s The Mind and Its Place in Nature (1925) Emergent laws: [I]f we want to know the chemical (and many of the physical) properties of a chemical compound, such as silver-chloride, it is absolutely neces- sary to study samples of that particular compound. [...] It would of course (on my view) be useless merely to study silver in isolation and chlorine in isolation; for that would tell us nothing about the law of their conjoint action [...] It is useless even to study the properties of other compounds of silver and of other compounds of chlorine in the hope of discovering one general law by which the properties of silver-compounds could be predicted from those of elementary silver and another general law by which the properties of chlorine-compounds could be predicted from those of elementary chlorine. (Broad 1925 [2014], p. 64) 17 / 38 Properties of emergence 18 / 38 i. (Layered view of nature) 19 / 38 ii. Novelty Novel: not definable from [not explicable from /ontologically distinct from] the basis, and showing features absent in the basis. 20 / 38 iii. Robustness Robust: the same for various choices of, or assumptions about, the basis. 21 / 38 Types of Emergence 22 / 38 The emergence landscape Synchronic Diachronic Epistemological Ontological Weak Strong (adapted from Guay and Sartenaer 2016) 23 / 38 Epistemological Emergence Epistemological emergence is associated with limitations in our knowledge of the natural world rather than with the world itself. In general, a behavior (property or pattern) is said to be epistemologically emergent, for instance, if it cannot be explained, predicted or derived from the corresponding basis or if it is described in terms that do not appear in the basis. New Lawlike generalizations There is a need for new lawlike generalizations. These generalizations cannot be reduced to, explained or predicted from the basis. 24 / 38 Ontological Emergence Ontological emergence requires ontological distinctiveness. Here the emergent is said to be ontologically distinct from its basis. New primitive laws, causal powers, properties In general, ontological emergence is presented in terms of novel properties, new causal powers or new fundamental laws. (O’Connor 2020, Guay and Sartenaer 2016) 25 / 38 Weak Emergence Weak emergence affirms the autonomy of the emergent (e.g. high-level phenomena or high-level laws) with respect to the corresponding basis, while still affirming microphysicalism, 26 / 38 Microphysicalism • The thesis that all natural phenomena are wholly constituted from fundamental microphysical entities and metaphysically determined by the fundamental laws of physics, whether particle physics, quantum field theory, quantum gravity or some other unknown theory. • Microphysicalism is consistent with the “physical causal closure”. This thesis says that every lower-level physical effect has a purely lower-level physical cause. (O’Connor 2020) 27 / 38 Strong Emergence Strong emergence maintains that at least some emergents (e.g. high-level phenomena or high-level laws) exhibit a weaker dependence or stronger autonomy than weak emergence allows. This often implies a rejection of supervenience and a rejection of the thesis of microphysicalism (See O’Connor 2020). 28 / 38 Diachronic emergence Diachronic emergence emphasizes the emergence of novel behavior, novel properties or novel patterns across time. 29 / 38 Synchronic emergence Synchronic emergence emphasizes the co-existence of novel ‘higher level’ behavior, properties or laws with behavior, properties or laws existing at some “lower level” (Humphreys 2008). The notions of supervenience and multiple realizability can serve to characterize synchronic emergence but are inadequate descriptions of diachronic emergence. 30 / 38 ‘Inter-theoretic emergence’ Failure of inter-theoretic reduction: Intertheory reduction is a kind of explanation relation, which holds between two theories. • Reduction of Thermodynamics to Statistical Mechanics • Reduction of Newtonian Mechanics to Relativity Theory • Reduction of Macroeconomics to Microeconomics Fundamental theory & Boundary Conditions Secondary theory Bridge laws 31 / 38 (Reductive microphysicalism) All true theories in the special sciences should reduce to physical theories. 32 / 38 Should (inter-theory) reduction in physics be taken for granted? 33 / 38 A typical thesis of positivistic philosophy of science is that all true theories in the special sciences should reduce to physical theories in the long run. This is intended to be an empirical thesis, and part of the evidence which supports it is provided by such scientific successes as the molecular theory of heat and the physical explanation of the chemical bond (Fodor 1974). 34 / 38 Anderson’s More is Different 35 / 38 Contents 1 Course Outline 2 Preliminary concepts 3 Questions to be discussed in the course 36 / 38 Questions to be discussed in the course • Which philosophical models of reduction are more compatible with the scientific practice? • Are there any cases of emergence in physics ? If so, in which sense are they “emergent”? • Is ’reductive physicalism’ plausible given the scientific state of the art? • Have physicists succeeded in reducing thermodynamics to statistical mechanics? • How far are we from explaining biological processes in terms of physical laws? • Can macroeconomics reduce to microeconomics? 37 / 38 References 1 Anderson, P. W. (1972). More is different. Science, 177(4047), 393-396. 2 Fodor, J. A. (1974). Special sciences (or: the disunity of science as a working hypothesis). Synthese, 28(2), 97-115. 3 Butterfield, J. (2011). Emergence, reduction and supervenience: a varied landscape. Foundations of Physics, 41(6), 920-959. 4 Gillett, C. (2016). Reduction and emergence in science and philosophy. Cambridge University Press. 5 Menon, T., & Callender, C. (2013). Ch-Ch-Changes philosophical questions raised by phase transitions. The Oxford handbook of philosophy of physics, 189. 6 O’Connor, T., & Wong, H. Y. (2002). Emergent properties. 38 / 38 
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