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1. Immanent Teleology and Design: Distinct but Related
Teleology is the study of the relationship between things and their ends or purposes. It is uncontroversial that some things have purposes: human actions and artifacts, most evidently. A dishwasher has the telos of washing dishes. A newspaper deliverer’s route has the telos of delivering newspapers. Artifacts are instances of external teleology. The dishwasher’s telos depends on facts about its designer’s and user’s intentions. In contrast, the telos of an intentional human action (as Elizabeth Anscombe argued in 1957) is immanent to the action: the action is done with the intention of achieving a certain end.
Is there immanent teleology in nature outside of human thought and intention? Thomists and other Aristotelians argue that the answer is Yes. In fact, whenever a thing acts according to its intrinsic power and potentialities, immanent teleology exists (Rota 2011). Fundamental causal powers as Aristotle conceives of them are inherently teleological. To have the power to produce E in circumstances C is to have the C-to-E transition as one of one’s natural functions. Indeed, as George Molnar (2003) has pointed out, the ontology of causal powers builds intentionality into the very foundations of natural things. To have a power is to be in a kind of intentional state, one that is in a real sense “about” the effects one is pre-disposed to produce.
So, for example, the power that negatively charged electrons have to repel other electrons entails teleology: the power points forward to a future result (the appropriate acceleration of the electrons in opposite directions). This is a pre-biological example of immanent teleology. So is the disposition of material substances to reach a thermal equilibrium.
Of course, the most interesting cases of apparent teleology involve biological ends. For Aristotelians, the existence of biological teleology is logically equivalent to the existence of real and irreducible biological powers (like growth and reproduction). Modern materialists who reject biological teleology must either reject Aristotle’s power ontology altogether or insist that all real powers occur at a physical or chemical level, with biological phenomena mere by-products.
How does all this relate to the question of design and God’s wisdom? If created things had only external teleology (like human artifacts), then the inference to a transcendent designer would be simple and immediate. However, Thomas Aquinas and other Christian Aristotelians insist that natural teleology is immanent to created things. So, it is logically possible to have real teleology in nature without a designer. No oxymoron is involved in thinking: x has an immanent purpose, but no designer.
However, as Thomas makes clear in the Fifth Way (Summa Theologiae I.q2.a3), whenever we find unintelligent things with immanent purpose, we can reasonably infer that those things have been given that purpose by their creator. This is not a matter of stipulative definition but of inference to the best explanation. How could it be that unintelligent things should possess consistent, predictable repertoires of causal power that orient them to definite outcomes in the future? It is especially striking that we find so many created things (as many as 10 to the 80th power of fundamental particles, for example), falling into so few natural kinds (a few dozen particle kinds, fewer than 200 elements), each with a mathematically precise and uniform set of physical dispositions. 
Suppose that in addition to all of this consistent array of causal powers at the physical and chemical level, we also find fundamental biological powers. This fact would cry out all the more for a creative designer. How could merely physical particles or waves have within themselves the power of composing living organisms with “novel” or irreducible powers, like reproduction, growth, sentience, or desire-governed action, unless they were given these powers by a foresightful God? Thus, the question of whether biological teleology exists is quite relevant to our understanding of God’s purposes, and our appreciation of His wisdom and power. Whether species appeared all at once or were ushered into existence in a piecemeal fashion over millions of years is largely irrelevant. What requires explanation is how the new biological forms came to exist and to impose novel powers on the pre-existing non-living matter.
2. Is Teleology in Biology Merely Heuristic?
Some skepticism about the place of immanent teleology in nature had begun already in the high middle ages with Duns Scotus and William of Ockham, but it was the influential figure in the English Renaissance, Francis Bacon, who explicitly banned all teleology and final causation from true natural philosophy, or “science” as it came to be called. This turn from teleological explanations to quantitative explanations in terms of momentum, force, and energy were at the heart of the Scientific Revolution in astronomy and physics, including the work of Descartes, Galileo, Kepler, and Newton.
For quite some time thereafter, biology continued to be unapologetically teleological in character, although the eventual acceptance of Darwin’s theory of evolution seemed to many to clinch the matter against teleology, since Darwin’s theory could be taken as a way of explaining how it is that things seem to have functions, even though they are in reality mere concrescences of matter, driven into repeating patterns by physical and chemical forces alone. T. H. Huxley made the point with his characteristic bluntness:
“That which struck the present writer most forcibly on his first perusal of the 'Origin of Species' was the conviction that Teleology, as commonly understood, had received its deathblow at Mr. Darwin's hands...” (1864, p. 7)
But, as the famous 20th century biologist J. B. S. Haldane is supposed to have quipped, “Teleology is like a mistress to a biologist: he cannot live without her but he's unwilling to be seen with her in public.”
Haldane’s witticism points to an important fact: teleological language and concepts are ubiquitous in biology. If we suppose that they are merely “heuristic,” we have to ask, heuristic for what? To what further discoveries do teleological models lead? Only to still more teleological knowledge. Biology exists for its own sake, and biological inquiry never escape from the teleological domain.
As Georg Toepfer has put it in a recent essay:
“…teleology is closely connected to the concept of the organism and therefore has its most fundamental role in the very definition of biology as a particular science of natural objects…. The identity conditions of biological systems are given by [teleological] functional analysis, not by chemical or physical descriptions…. [Apart from teleology] the organism does not even exist as a definite entity.” (2012, pp. 113, 115, 118)
Evolution itself presupposes teleology in the very idea of ‘reproduction’.  No organism ever produces an exact physical duplicate of itself. In the case of sexual reproduction, the children are often not even close physical approximations to either parent at any stage. An organism successfully reproduces itself when it successfully produces another instance of its own biological kind. This presupposes a form of teleological realism, since biological kinds are individuated teleologically.
Richard Dawkins has suggested that we think of organisms as mere “robots” that our DNA molecules have “designed” for reproducing themselves. In fact, DNA molecules never succeed in producing perfect physical duplicates of themselves, and even if they did, the mere physical duplication of the molecule would not constitute reproducing oneself. Suppose, for example, that an extrinsic billionaire builds a chemical factory that does nothing but fill barrels with copies of his own genome, launching them into deep space. No one would think that such a man had succeeded in procreating trillions of descendants. A DNA molecule counts as a copy of one of one’s genes only when it is successfully fulfilling the function of a gene within a living organism, indeed, within a living organism of the appropriate teleologically-defined kind.
So, I defend an all-out realism about teleology.
Anti-realism about any matter in philosophy takes one of two forms: reductive or eliminative.  According to a reductive account of teleology, teleology is a real phenomenon, but it is in reality identical to or wholly constituted by certain non-teleological facts. The world is fundamentally non-teleological, but certain complex facts about that non-teleological world can be fittingly described in teleological language or using teleological concepts. Eliminative anti-realism about teleology has a harder edge: it simply denies that that there are any truths couched in teleological terms. All teleology is at best a useful fiction, at worst an error or confusion. I will argue against eliminative teleological anti-realism in sections 3 and 4, and against reductive anti-realism in section 5. I will then sketch an Aristotelian, hylomorphic conception of living things in section 6.
3.  Is Teleology Eliminable?
We’ve already seen that biology gives us good reason to reject the eliminability of teleology. Teleology is essential to the practice of the biological sciences. However, some hard-core anti-teleologists might be willing to bite the bullet and insist that biology itself is merely a useful fiction. On this view, all real science is fundamental micro-physics; everything else is merely “stamp collecting,” as Ernest Rutherford is supposed to have said.
I will argue that such elimination cannot work, because of the necessity of teleology for the understanding of human intentionality, both for sense perception and in thought. One could eliminate human perception and thought as well, but that would undermine the case for physicalism. You can hardly be a physicalist if you don’t believe in physics and other human activities. The same arguments will also establish the irreducibility of biological functions.
4. Why Teleology is Needed in Accounting for Intentionality and Life
4.1. The Classical, Aristotelian Model of Intentionality and Life
In the Aristotelian picture of the world, the natural world is suffused with teleology, and normativity. Each entity has its own natural end. Sensory knowledge and intentional agency are fully natural processes, processes of a kind that is ubiquitous in nature. 
Once Bacon and Descartes succeeded in overturning the Aristotelian model, a new picture emerged of the so-called “physical” world. The physical world was one of quantities of unliving matter, moved hither and thither according to blind forces governed by “laws of nature.”
The modern materialist is left with three critical problems: where to locate the qualitative aspects of reality, as encountered in sense experience (the so-called secondary qualities or qualia),  how to ground the reality of intentionality, the aboutness of thought, and how to define the organic functions of living things. I will focus here on the latter two problems.
4.2. The Modern Alternative: Functionalism
I am going to draw in the remainder of section 3 from a joint paper written by Alexander Pruss and me (Koons and Pruss 2017).
The philosophical program called ‘Functionalism’ remains the most promising strategy for “physicalizing” the mind and life, that is, for accounting for the intentionality of the mind and the functionality of living things in a physical world devoid of teleology.  Physicalizing or “naturalizing” the mind and life demands that the fundamental vocabulary of both psychology and biology be wholly physical (for the description of inputs and outputs), plus the topic-neutral language of causation, dispositions, and conditionals, and other terms of logic and mathematics, Frank Ramsey (1929) offered the logical tools needed to express mature Functionalism, describing a logical process that has come to be known as "Ramsification". We start with the true theory of biology + psychology, one including explicitly mental and biological terms (like 'pain' or 'conscious of' or ‘reproduction’). This theory is supposed to capture the actual Pattern of physical interactions that is definitive of Life and Mind. We then replace the mental and biological terms with variables, which can be taken to stand for some unknown micro-physical entities and states that do in fact realize the relevant Pattern. The naturalized theory of the mind and of life consists of the resulting “Ramsey sentence”.
Clauses of the Ramsey sentence will have a form something like one of these three alternatives:
(1) If the system x is in internal state Sn and in input state Im at time t, then x at the next relevant time t+1 is in internal state Sk and output state Oj. (Indicative conditional)
(2) If the system x were in internal state Sn and in input state Im at time t, then x would [with probability r] be at time t+1 in internal state Sk and output state Oj. (Subjunctive/probabilistic conditional)
(3) System x's being in internal state Sn confers upon it the power to produce output state Oj and internal state Sk immediately in response to input state Im. (Causal power)
Here, x is either the whole organism or a subsystem.
First, I will argue that conditional views are untenable (clauses 1 and 2), and then I will evaluate the powers views (3).  It will turn out that the only plausible form of functionalism requires that the connections between inputs, outputs and internal states be described in terms of causal powers, in accordance with the assumptions of standard Aristotelian metaphysics. Thus, ironically, the best attempt to escape teleology leads us back into its clutches.
Standard problems with conditional accounts of dispositions apply here.  We can imagine, for instance, that the individual has strapped to her a bomb that explodes if system x is in internal state Sn and receives input Im at time t.  Then, the conditionals (1) and (2) will both be false.  Yet having such a bomb that never goes off strapped to one, while unfortunate, does not make one not have a mind.   
One might try to use context-sensitivity to ward off such worries, for instance by saying that in evaluating conditionals or conditional probabilities we only should consider those causal factors that are internal to the system x.  But we can replace the bomb by a fatal disease, and the distinction between “internal” and “external” causal factors will become untenable.
What if the antecedents of the conditionals are strengthened to include the claim that the whole system survives until the next relevant time?  Here we borrow an idea from Harry Frankfurt (1969): the introduction of a purely hypothetical neuro-biological-manipulator. The manipulator wants the subject to follow a certain script. If the subject were to show signs of being about to deviate from the script, then the manipulator would intervene internally, causing the subject to continue to follow the script. 
We are to imagine that, in the actual course of events, the subject spontaneously follows the script, and as a consequence, the manipulator never intervenes. 
Frankfurt introduced such a thought experiment to challenge the idea that freedom of the will requires alternative possibilities. I use it to show that the existence of mental and biological states is independent of the truth of conditionals linking the states to inputs, outputs and each other. It is obvious that the presence of an inactive manipulator cannot deprive the subject of his mental and biological states. However, the manipulator's presence is sufficient to falsify all of the usual conditionals and conditional probabilities linking the states (corresponding to clauses (1) or (2)). If the manipulator’s script says that at time t+1 the subject is to be in state Sn, then that would happen no matter what state the subject were in at time t.
To salvage the Functionalist theory, we must exclude cases like the neuro-biological-manipulator by adding a normality condition to the antecedents of (1) or (2).
Moreover, cognitive and biological malfunctioning is surely possible as a result of injury or illness. The theory to be Ramsified cannot plausibly incorporate the effects of every possible injury or illness, since there are no limits to the complexity of the sort of phenomenon that might constitute an injury or illness. Injury can prevent nearly all behavior-–so much so, as to make the remaining behavioral dispositions so non-specific as to fail to distinguish one internal state from another. Consider, for example, locked-in syndrome, as depicted in the movie The Diving-Bell and the Butterfly. Therefore, the true bio-psychological theory must contain postulates that specify the normal connections among states.  
Without resorting to Aristotelian or evolutionary teleology (an option I will discuss in section 4), the only possible account of normality will be probabilistic.  Thus, a system normally enters state Sm from state Sn as a result of input Im provided it is likely to do this.  However, serious injury or illness can make a malfunctioning subsystem rarely or never do what it should, yet without challenging the status of the subsystem as, say, a subsystem for visual processing of shapes.  And, again, a merely counterfactual intervener, whether external or internal, can change what the system is likely to do without actually intervening in the system in any way.
5 Is Teleology Reducible? Two Theories of Normativity
Thus, any Functionalism with a hope of success must have an account of the normal state of the organism, where the ‘normality’ involved is a normative notion, not merely a matter of averages or actual frequencies. There are two prima facie plausible accounts of the natural basis of normativity: Aristotelian powers and evolutionary accounts. 
5.1 Aristotelian Normativity
An Aristotelian can give a straightforward account of normativity: a substance is supposed to produce E on occasions of C if and only if its nature includes a C-to-E power  
This account may appear insufficient in the light of the possibility of indeterministic powers.  Could not a substance have both a C-to-E and a C-to-non-E power, in which case it would neither be supposed to produce E in C nor to produce non-E in C?  One might complicate the account by excluding such cases of competition in some way, or positing higher order powers that decide between the competing powers.  But there are also two simpler moves.  One move is to say that in such cases, the substance is in the “unhappy” position of being supposed to do incompatible things—it will necessarily fail at one of them.  
A more complex move is to say that it cannot happen that a substance has both a C-to-E and a C-to-non-E power.  Rather, the substance has a C-to-E and a C-to-non-E power,  where C and C are distinct circumstances. If it happens that both C and C obtain, then the substance will fail to do one of the things it should do. 
Functionalism can then be put in an Aristotelian mode, referring to the presence of powers to produce outputs and internal states (including other powers). The result would be a non-reductive and non-physicalist version of functionalism. (See Bealer 2010 for an exposition of such a view.)
5.2 Evolutionary accounts of normativity
The other potential source of normativity is evolutionary selection. If a system x belongs to a reproductive family F, then x is supposed to produce E under circumstances C if and only if doing so is one of F's adaptations. This seems to be the most promising alternative to the Aristotelian account, since there doesn't seem to be any vicious circularity or regress.
Ruth Garrett Millikan developed such an account in considerable detail (in Language, Thought and Other Biological Categories). Here is a simplified version of her definition, which will be a paradigm of such accounts of normativity:
(4) A thing x is supposed to produce E in circumstances I if and only (i) x belongs to a reproductive family R in which some feature C occurs with finite frequency (between 0 and 1), (ii) there has been a positive correlation between having feature C in R and producing E in circumstances I, and (iii) this positive correlation has been in part causally responsible for the successful survival and proliferation of family R (including x itself).[footnoteRef:1] [1:  Millikan 1984, p. 28. Millikan’s actual definition requires that C be a “Normal” or reproductively established characteristic of R. Instead of requiring that C be positively correlated in R with the function F, she requires only that the positive correlation hold in some set S which includes x’s ancestors, together with “other things not having C.” Her exact wording of clause (3) is:
One among the legitimate explanations that can be given of the fact that x exists makes reference to the fact that C correlated positively with F [i.e., the function of producing E in circumstances I] over S, either directly causing reproduction of x or explaining why R was proliferated and hence why x exists.
None of these variations would make any difference to my objection.] 

Similar proposals have been made by Larry Wright, Karen Neander, Nicholas Agar, Kim Sterelny, David Papineau, and Fred Dretske.
Here are three objections to these evolutionary accounts. (See Koons and Pruss 2017.)
Objection 1: As I mentioned earlier, ‘reproduction’ cannot be defined naturalistically and without reference to function or teleology. Real reproduction involves the successful copying of the essential features of a thing. For living organisms, these essential features consist almost entirely of biological functions. Hence, we cannot identify cases of biological reproduction without first being able to identify the biological functions of things. Yet Millikan's account requires us to put the reproductive cart before the functional horse.
A Millikanian version of functionalism would have the consequence that a thing has a mind only if it belongs to a reproductive family R for which the standard Pattern of dispositions has successfully contributed to the survival of R. Thus, whether a thing has a mind depends on the evolutionary history of its kind.   This engenders a second problem.
Objection 2: Millikanian functionalism has the implausible consequence that mental functioning is one generation behind neural functioning.  For a mutation can never be normal on her account in the generation in which it first occurs—it only becomes normal in their descendants.  For instance, on this view, presumably one of our distant vertebrate ancestors, call it Sim, evolved the first form of those neural structures that are responsible for consciousness.  But it was Sim’s children, not Sim, that were conscious if we use Millikanian functions as the backing for functionalism.  For on Millikanian views, the structures as found in Sim did not function normally.  It was only once their non-normal functioning helped Sim reproduce that they functioned normally in Sim’s descendants and hence made them conscious.  Not only is this an implausible claim but it also has an undesirable epiphenomalist consequence.  Millikan’s account has the consequence that consciousness as such is useless to us—it does not affect our action or fitness.  Assuming Sim’s children had no relevant new mutations, their behavior was much like Sim’s, but they were conscious while Sim was not.
Objection 3: What does it mean for a particular disposition to 'cause' or to 'contribute' to a particular instance of R-reproduction? We must require that the disposition be part of a contrastive explanation of the reproduction: part of a minimal explanation of why in this instance reproduction or survival occurred, as opposed to not occurring.
The use of contrastive explanation fits standard biological practice, which identifies adaptations with the results of natural selection, and selection is inherently contrastive in nature.
Now to the substance of my third objection, which relies on Alexander Pruss’s thought-experiment of the Great Grazing Ground in the sky. In this thought experiment, we imagine a duplicate of Earth in which each living organism is whisked off (by friendly extraterrestrials) to a separate island universe at the moment of death. In this paradisical universe (the Great Grazing Ground) each organism is kept alive for perpuity and enabled to have the maximum number of possible descendants. Thus, in this parallel Earth, every organism succeeds in reproducing itself to an equal and maximal degree. Hence, natural selection cannot operate there. Thus, Millikan’s definition of biological normativity cannot apply: no biological structure is supposed to do anything (by her definition). And, consequently, there is no life, sensation, or thought on parallel Earth.
However, the history of parallel Earth is intrinsically exactly the same as the history of our Earth. The only difference concerns the afterlife of organisms in the GGG, a region that we can suppose is completely isolated causally from parallel Earth. This is an absurd result: whether life, consciousness, and teleology exist on parallel Earth cannot depend on causally unconnected events in the GGG.
Pruss’s thought experiment brings out very vividly how Millikan’s definition of biological teleology fails to capture any form of immanent teleology. The present function of an organ or organelle depends on her definition on remote facts in the past, and even on past facts that are causally unrelated to the present. If human thought and intention depend on the teleology of the human body, then thought and intention are also extrinsic to our present constitution and operation, which is incredible.
6 Aristotelian (Hylomorphic) Emergence
Aristotelian metaphysics to the rescue! Aristotelians never faced the problem of “naturalizing” the mind and life that has so bedeviled modern philosophers. 
The fundamental difference between Aristotelian and modern materialist metaphysics lies in their differing conceptions of causation. Aristotle argued that we must understand change in terms of action, action in terms of causal powers, and powers in terms of essences or natures of things. As we have seen, it is a robust conception of causal powers that is needed to ground normativity in nature. 
Modern philosophy took its most decisive step away from Aristotle when David Hume attacked the very idea of causal powers. Although Hume himself was a kind of eliminative anti-realist about causation, many so-called “Neo-Humeans” have taken his work instead in a reductive direction. The result has been the Mill-Ramsey-Lewis account of causal laws. According to this account, “causation” occurs whenever a transition is deducible from the “laws of nature,” and a generalization is a law of nature if it is an axiom in the simplest and most powerful representation of the actual course of the world’s history.
In the last twenty years or so, there has been a significant revival of an Aristotelian conception of causal powers within Anglophone philosophy.  Dissatisfaction with the Mill-Ramsey-Lewis account has come primarily from four sources:[footnoteRef:2] [2:  Some important loci: Tooley (1987), Dowe (2000), Ellis (2001), and Molnar (2003). See also Chapter 3 of Koons and. Pickavance (2014).] 

1. Small worlds objections. Causal connections should be intrinsic, while the MRL account makes them all extrinsic to each transition.
2. The inability of the MRL account to solve the problem of causal direction or asymmetry.
3. The extreme anthropocentricity of the MRL account.
4. The inability of the MRL account to solve Hume’s problem of induction.
When later medieval thinkers like John Duns Scotus and William of Ockham began to remove the teleological element from their accounts of sub-rational and inorganic nature, they did so on the basis of a misunderstanding of what natural teleology really amounts to on the conception of Aristotle and Aristotelians like Avicenna or Thomas Aquinas. Aristotle did not suppose that non-living or non-sentient entities were somehow consciously pursuing some end, nor did he think that the postulation of real teleology required by definition the introduction of a conscious designer or user of the teleologically ordered system. The mere possession causal powers, in the full-blooded Aristotelian sense, suffices for teleology.
Many scientists and philosophers of science have assumed that the Galileo-Newton revolution in physics has consigned teleological explanation to the dustbin.  However, this overlooks the continued vitality of teleological explanations in physics in the form of so-called ‘variational principles’, such as least action principles.[footnoteRef:3]  Both classical and quantum mechanics can be formulated in terms of integral equations, which prescribe a path or trajectory that satisfies a holistic requirement, like the local minimization of action. Richard Feynman’s illuminating path-integral formulation of quantum mechanics requires the teleological picture. [3:  Yourgau and Mandelstam 1979, pp. 19-23, 164-167; Lanczos 1986, xxvii, 345-6; Lindsay and Morgenaw 1957, pp. 133-6.] 

Biological teleology requires two things: a causal powers metaphysics, and real causal powers at the level of biological organs and organisms. 
The materialist might respond: mustn’t teleology be reducible to physics, since biological facts supervene on the physical facts? How else could we explain this supervenience, except by means of reduction? The Aristotelian has two options in response:
1. It could be that microphysical powers compose the new biological powers, which would account for the supervenience. Biology would still not be reducible to physics so long as the fact that these physical powers compose a macroscopic power of a biological kind is a fundamental metaphysical fact, not derivable from physics itself—i.e., an answer to Peter van Inwagen’s Special Composition Question in ontology, as posed in van Inwagen 1990.
Given quantum theory, however, it is better to go the other way around. Quantum theory is inherently holistic and non-local, so the salient ontological question is not van Inwagen’s question of when do things compose something, but when is some part of the cosmic quantum system a natural and localized (autonomous) entity. Again, biological form and the associated biological powers could be an irreducibly important part of that story.
The argument in section 4 gives us good reason to attribute real causal powers of both psychological and biological kinds to whole human organisms. Given the importance and success of biology, it is reasonable to extend this attribution to all living things. Thus, reproduction, nutrition, metabolism, growth, development, sensation, perception, and behavioral responsivity are all plausible candidates for explanation in terms of causal powers that are emergent in the strong or ontological sense. That is, such powers are not to be identified with the mere conglomeration of the powers of the constituent particles and fields but instead have a fundamental reality and activity of their own.[footnoteRef:4] [4:  In a recent article (Koons 2014), I have developed an account of how such emergent powers could be realized in a world like ours.] 

 This leads us to option 2:
2. After the quantum revolution, we no longer have a compelling reason to believe that macroscopic facts do in fact supervene on microscopic facts (e.g., facts about particles and their trajectories). 
The measurement problem means that we cannot read the determinate macroscopic, quasi-classical facts off of the pure quantum wave function. So, biological forms, along with chemical and thermodynamic forms, may play an irreducible role in actualizing determinate physical facts at the macroscopic level, as I’ve argued in three recently published papers: Koons 2017, 2018, 2019.
This emergence of new powers at the macroscopic, biological scale should be unsurprising, given the fact that, according to our most recent quantum mechanical models, we see strong or ontological emergence at the mesoscopic scale in solid-state physics and chemistry. Mesoscopic systems, like ferromagnets, superconductors, and Bose-Einstein condensates, all exhibit dynamical behavior, in the form of spontaneous symmetry breaking and thermodynamic irreversibility, that are irreducible to the microstates of the constituent particles: irreducible not just in practice but in principle, since it can be proven that microscopic models for N particles – no matter how large N is – cannot account for these observable features.
Finally, I want to note that my position of the irreducibility of biology to physics is compatible with the further irreducibility of human rationality (and the peculiar sort of normativity that is relevant at that level) to biology. Unlike Millikan, I would not want to claim that language and thought are merely “biological categories.” However, I would argue that teleological realism at the biological level provides an especially friendly environment for the normativity of reason and rational agency. First, we can avoid the interaction problem. The rational soul can simultaneously play the role of the biological form of the human organism, ordering the operation of neural organs. We can think of human reason as a set of causal powers, powers to know, to understand, and to act intentionally. Second, biological normativity at the level of sense perception and biological needs can play an important role in determining the conditions of knowledge, rational belief, and rational agency.
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