CHAPTER 7

Kant'’s Necessitation Account of Laws and
the Nature of Natures

James Messina

7.1 Introduction

Kant’s Critical works contain a revolutionary account of the epistemology
and metaphysics of the laws of nature. In terms of the epistemology, Kant
claims that we can have synthetic a priori knowledge of some very general
laws of nature, a class that includes the so-called transcendental laws of
nature, such as the law that every alteration has a cause, along with the
closely related laws of mechanics, such as the law that “every change in
matter has an external cause” (MF 4:543). In terms of the metaphysics,
Kant claims that these laws do not merely describe the regularities that
happen to obtain in our world; instead, they are governing principles
endowed with nomic necessity. On these epistemological and metaphys-
ical points, the Critical Kant’s view contrasts sharply with Hume’s. For
Hume, to believe that such-and-such is a law is to believe, on the basis of
experience and custom, that there is a certain constant conjunction
among events in our universe (Bs follow As). Laws have no governing
force — they do not, as it were, force events in the world to fall into any
particular pattern — nor do they rest on any underlying necessary connec-
tions in nature.

One of Kant’s most radical claims arises in the course of his attempt to
explain how the most general laws are necessary, governing, and knowable
a priori: the pure understanding is their legislator. Call this the Legislation
Thesis. As Kant writes in the Prolegomena: “even though it sounds strange
at first, it is nonetheless certain, if I say with respect to the universal laws of
nature: the understanding does not draw its (a priori) laws from nature, but
prescribes them to it” (Prol 4:320)." The reason objects of experience must
obey the transcendental laws, and the reason we can know them a priori, is

' Cf. A127-128, B16s, and CJ 5:167.
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that they are the understanding’s own subjective conditions of the possi-
bility of experience.

These features of Kant’s account of laws, painted in very broad strokes,
are generally agreed on. There is, however, considerably less agreement
when it comes to Kant’s views on another class of laws: the particular,
empirical laws of nature, which figure into specific sciences, like chemistry.
What is it to be a particular law for Kant — what does their lawfulness
consist in?* Do such laws have the governing character and nomic necessity
of transcendental laws? In what manner are the particular laws epistemic-
ally and/or metaphysically grounded in the transcendental laws? How, if at
all, are such laws knowable?

Up until recently, there were two major interpretations of Kant’s
account of particular laws of nature. According to Michael Friedman’s
interpretation, by applying our knowledge of the synthetic a priori laws
to the relevant empirical data we are able to derive knowledge of the
particular empirical laws. Particular laws themselves inherit the necessity
and prescriptive character of the laws of nature that provide their epi-
stemic basis. By contrast, on the Best System Interpretation, defended by
Philip Kitcher, among others, there are certain empirical generalizations
that we are justified in taking to be necessary and thus to be laws, but
only in the context of an ideal systematization of the empirical data
(Kitcher 1986).> Metaphysically, particular laws are, or correspond to,
the statements that would be regarded as laws in such a system. In
apparent contrast to these older readings, the so-called Necessitation
Account* holds that particular laws have a necessity that is “as it were
built right into the nature of things” (Watkins 2005: 346). Empirical
objects that share a certain nature (e.g., salt) are bound to behave in
accordance with certain rules given those natures. The Necessitation
Account suggests that Kant has a “bottom-up”™ metaphysics of particular
laws, whereby laws are grounded in the nature of things as opposed to
being superimposed on them. As for the epistemology of laws, the
Necessitation Account denies that particular laws in most cases are
knowable by us at all. On both of these points, concerning the

* I owe this formulation of this question to Kreines 2009.

? I borrow this label for Kitcher’s position from Kreines 2009. The aptness of the label is supported by
remarks like the following: “For Kant, the laws of nature are just the generalizations that would figure
in the best unifying system in the limit of rational inquiry” (Kitcher 1996: 412).

* Again, I borrow this label from Kreines 2009.

> 1 borrow the language of top-down and bottom-up — which I explain below — from Ott 2009: 5-6
and Massimi 2014: 492—493.
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metaphysics and the epistemology of laws, the Necessitation Account
challenges the received picture of Kant.®

In this chapter, I have several aims. First, I will extend the case for the
Necessitation Account, adding to the evidence that has been adduced by
its proponents. Second, I will argue that the evidence supports an
expanded version of the metaphysics of the Necessitation Account,
whereby 4/l laws of nature are necessary rules that are immanent to
certain natures. Third, I will examine Kant’s ontology of natures in order
to clarify the metaphysical relationship between natures and laws, using as
a foil for Kant’s view a contemporary “bottom-up” version of the Neces-
sitation Account. Here I argue that, while the existence of particular laws
of nature is tied to the existence of empirical natures, they also have a
priori grounds of possibility (not all of which are knowable by us) from
which their modal force and content come. One interesting result here is
that Kant’s account is immune to the charge that has been leveled against
some contemporary bottom-up versions of the Necessitation Account,
namely, that they render laws of nature otiose (Mumford 2004: 121).
Fourth, I respond to some possible objections to my expanded Necessita-
tion Account.

7.2 Three Interpretations of Kant on Particular Laws of Nature

In contrast to the transcendental laws of nature, which are “pure” and
govern the behavior of all objects of experience without exception, all more
specific laws of nature have an experiential element and are restricted to a
particular domain of objects. As a result of their empirical character, Kant
says that “particular laws ... cannor be completely derived from the
categories, although they all stand under them” (B16s).” Particular laws
do not admit of either a metaphysical or a transcendental deduction, nor
can they be justified through construction in pure intuition. Prior to all
experience, it is impossible for the human understanding to know what
empirical laws obtain and whether and to what extent those laws are
related to each other in a tidy, hierarchical way (CJ 5:183).

Kant’s various commitments regarding empirical laws have put close
readers into a quandzury.8 As we have just seen, Kant claims that (1) we
don’t have a priori knowledge of empirical laws. Kant also seems to claim

¢ Tt is noteworthy in this regard that Brian Ellis places Kant alongside Descartes and Newton as a
proponent of the top-down view (Ellis 2001: 1).
7 Cf. Arz7-128. 8 My formulation here has been influenced by Kitcher 1986: 208.
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that (2) empirical laws, like all laws, involve some sort of necessity;’
(3) knowledge of necessity cannot be obtained empirically;'® and (4) we
have knowledge of empirical laws." It is not immediately obvious how (1)—
(4) are to be reconciled with one another, particularly if one assumes that
all knowledge is either empirical or a priori. In the effort to reconcile
Kant’s various commitments regarding particular laws, various interpret-
ations have been developed.

Michael Friedman attempts to resolve the apparent tension in Kant’s
commitments by claiming that, while particular laws have an empirical
component, this does not preclude an priori grounding as well — a
grounding in a priori knowable laws (Friedman 1992b: 181). Textual
evidence for such a view can be found in passages like the following:

Even laws of nature, if they are considered as principles of the empirical use
of the understanding, at the same time carry with them an expression of
necessity, thus at least the presumption of determination by grounds that
are a priori and valid prior to all experience. But without exception all laws
of nature stand under higher principles of the understanding, as they only
apply the latter to particular cases of appearance. (A159/B198)

There are therefore certain laws, and indeed a priori, which first make a
nature possible; the empirical laws can only obtain and be found by means
of experience, and indeed in accord with its original laws, in accordance
with which experience itself first becomes possible. (A216/B263)

Friedman understands Kant to be claiming here that particular empirical
laws, while not derivable from the a priori laws of nature in isolation from
experience, can be derived from such laws when they are applied to the
relevant empirical content (Friedman 1992b: 174).

There are two classes of particular laws to consider. On the one hand,
there are the laws of mechanics. These are deduced by applying the
transcendental laws to the empirical concept of matter (Friedman 1992b:
185). On the other hand, there are “mixed” laws like the law of universal
gravitation. Knowledge of such laws requires a substantial empirical com-
ponent. For example, in the case of the law of universal gravitation, it
depends on Kepler’s laws, which are strictly speaking inductively obtained
rules, not laws, because they lack necessity (Refl. 18:176 [Rs414]). While
induction on its own cannot give us knowledge of the law of universal
gravitation, we can deduce this law from the inductively attained

? For the claim that laws involve necessity, see An3, MF 4:469, A159/B198 (quoted below), CJ
5:184-185, and Refl 18:176 (Rs414).
'® See, e.g., A1 and B3. " E.g. (] 5:184-185, quoted in Kitcher 1986: 208.
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regularities by availing ourselves of the a priori laws of mechanics, along
with certain assumptions (Friedman 1992b: 175-178)."”

Friedman’s account, which we might call the Derivation Account (DA),
does not merely concern the epistemology of particular laws. It also has
implications for the metaphysics of such laws. On the DA, particular laws
are those the knowledge of which can be attained by applying a priori
principles to experience (Kreines 2009: 528). Particular laws possess genu-
ine nomic necessity, one that is “injected” into them by the transcendental
laws (Friedman 1992b: 175). They are not, as on the Humean account,
mere regularities that happen to obtain in nature, but rather are rules that
govern how nature must behave.

The DA contrasts with the Best System Interpretation (BSI) defended
by, among others, Philip Kitcher.” Kitcher’s way of resolving the tension
among (1)—(4) is to claim that

taken individually, statements that we normally count as laws can only be
regarded as empirical and contingent. But, we are required to systematize
the body of our beliefs, and as consequence of the systematization, some
statements (in fact those we count as laws) come to be credited with
necessity. (Kitcher 1986: 209)

Considered apart from other beliefs, a belief in a true empirical generaliza-
tion that is arrived at through induction does not constitute knowledge of
a law, since induction cannot justify a claim to necessity. This is how
Kitcher construes Kant’s commitment to (3) above. But the belief that the
generalization has necessity and is a law is justified if the generalization
plays a particular role™ in an ideal systematization of our empirical beliefs
(Kitcher 1986: 210). Such an ideal systematization would be based on all
empirical data and be guided by certain methodological rules. This is how
Kitcher makes sense of (4). Kant’s accounts of systematic unity, and his
views on the methodological rules that guide the process of systematiza-
tion, can be found in the Appendix to the Transcendental Dialectic and in
the introduction to the Critigue of Judgment. These methodological rules
tell us, among other things, to bring particular empirical beliefs into a

* While Kant’s remarks on the law of universal gravitation at Pro/ 4:321 might seem to suggest that
Kant believes that it is possible to give a purely geometric derivation of the law, it is generally agreed
that this is not the right way to read the passage.

% Other versions occur in Buchdahl 1965, Brittan 1978, and Allison 1996.

** Unfortunately, it is unclear exactly what role the generalization would have to play in order to be
justifiably deemed a law. Presumably, the generalization would have to be essential for unifying
lower-level regularities and be couched in terms of empirical concepts that similarly unify lower-level
empirical concepts.
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hierarchy of progressively more general beliefs that has the right balance of
simplicity, fruitfulness, and continuity. The belief hierarchy thereby con-
structed will contain beliefs in empirical generalizations that we are justi-
fied in regarding as necessary laws, given the role they play in the
construction.

The BSI is not simply an interpretation of Kant’s epistemology of
particular laws. Like the DA, it is also an interpretation of the metaphysics.
For Kitcher, particular laws of nature will be, or will correspond to, those
empirical generalizations that are deemed to be laws in a best system
(Kitcher 1986: 214). In contrast to the DA, the necessity of particular laws
is not “injected” into them by the transcendental laws, but has a different
provenance in the cognitive faculties responsible for systematization:
reason and/or reflective judgment. The necessity is of a kind different
from the necessity of transcendental laws and is harder to get a grip on.
With regard to the latter point, it is not clear how connecting a general-
ization systematically with other generalizations could change its modal
character. With regard to the former point, the laws in question cannot be
governing principles. On the BSL,"” particular laws do not explain why their
associated regularities must obtain, but rather are part of an ideal codifica-
tion of the regularities that happen to obtain in our world (Kreines 2009:
549—550). For these reasons, the BSI makes Kant a kind of Humean about
particular, empirical laws."®

Recently, a new reading of Kantian particular laws of nature has
emerged, the so-called Necessitation Account (NA), aspects of which have
been defended by Watkins and Kreines. According to Watkins, “laws of
nature are nothing other than the laws of the natures of things. That is, the
laws of nature that hold in a given world are a function of the natures that
are instantiated in that world” (Watkins 2005: 335). Kreines speaks of
particular laws obtaining in virtue of the nature of specific kinds of things.

% Recently, McNulty has developed an interesting reading of Kant’s account of particular laws of
nature that builds on some of the ideas of the BSI while avoiding its shortcomings. On McNulty’s
“ideational interpretation,” ideas of pure reason play a crucial role in accounting for necessity
(McNulty 2015: 2). Unfortunately, I do not have space to evaluate McNulty’s reading here.

This is notwithstanding Kitcher’s own claims about the anti-Humean character of Kant’s view.
Kitcher takes Kant to be arguing in the Second Analogy that “there is no justifying straightforward
empirical claims, descriptions of Hume facts, without justification of causal claims.” He takes Kant
to be arguing in the Appendix to the Transcendental Dialectic that these causal claims are justified
“through the incorporation of statements within a unified system” (Kitcher 1986: 221). These causal
claims are precisely the kind whose legitimacy was contested by Hume. They “implly]
generalizations that legislate for unactualized possibilities” (Kitcher 1986: 219). The problem is
that it is far from clear that Kitcher's Kant can have such a robust notion of causation and
of laws.
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He uses the example of the solubility of salt. If indeed it is a law that salt is
soluble, this is so because of the nature of the kind salt (Kreines 2009:
531—532). Anything with this nature will necessarily be disposed to dissolve
in water. Like the DA, the NA takes particular laws to possess necessity
and governing force. They do not merely reflect regularities that happen to
obtain, but rather also serve to explain them. However, in apparent
contrast to the DA, the necessity in question “is built right into the nature
of things” (Watkins 2005: 346).

The NA suggests that Kant is working with a “bottom-up” model of
laws. While top-down models take the laws of nature to be transcendent
principles that are imposed from the outside on things that could retain
their essential properties apart from those laws, bottom-up necessitation
accounts deny these claims: laws supervene on the natures and/or essential
properties of objects (Ellis 2001: 1; Ott 2009: 5—7). Historically, top-down
models of laws invoked God as a legislator, identifying laws of nature with
features of God’s will, such as divine general volitions on the Occasionalist
position. Contemporary top-down models of laws invoke universals that
stand in sui generis necessitating relations to each other, relations that vary
from possible world to possible world, resulting in corresponding changes
to the laws.”” Such a view disconnects laws from the essential properties
and natures of the things that they govern. By contrast, so-called
dispositional essentialism, defended by Brian Ellis, is a contemporary
bottom-up model of laws that says that laws of nature derive from the
essential properties of things and accompany those properties in all pos-
sible worlds (Ellis 2001: 4)."

That should suffice for now as a preliminary characterization of the
metaphysics of laws ascribed to Kant on the NA. What about the
epistemology? Kreines’s manner of resolving the apparent conflict between
(1)—(4) is to deny (4): the particular laws of nature are not, except in the
very special case of the laws of mechanics, knowable.” In contrast to

7" E.g. Armstrong 1983, Dretske 1977, and Tooley 1977. For a helpful summary, see Mumford 2004.
Admittedly, Watkins initially likens Kant’s account of laws to Armstrong’s top-down model. But in
his discussion, he stresses weaknesses in Armstrong’s account that derive from (what I am calling) its
top-down aspects and corresponding ways in which Kant’s account avoids these problems, though
Watkins appears officially noncommittal about whether Kant’s account is bottom-up (Watkins
2005: 402—407). At one point, Kreines professes himself agnostic on the question about whether
particular natures could retain their identity while obeying different laws (Kreines 2009: §33). But
this seems to run contrary to the idea that the natures of kinds provide a deep explanation for why
the regularities that obtain do and must obtain (since it would be possible for those natures to exist
without supporting those regularities); moreover, it is hard to see what the nature of something like
salt could consist in if it is not bound up with obeying certain laws.

" Ellis 2001: 4. * It is unclear whether Watkins agrees with Kreines on this point.
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Friedman and Kitcher, who define what particular laws are in terms of
the ways in which we come to know them as laws, Kreines separates the
metaphysical from the epistemic question. Once we do that, there is no
contradiction in the idea that there are nomically necessary, governing
laws, which we are nevertheless prevented from knowing as laws because
of our epistemic limitations (Kreines 2009: 528). The limitations are due
to the fact that particular laws involve empirical kinds whose properties
and relationships to each other we can generally find out only through
empirical intuition. And empirical intuition can tell us only what patterns
happen to be the case, not that must be the case (Kreines 2009: 540).
The only case where we can have knowledge of particular empirical laws
is when the laws involve a single kind that stands in a particularly
close connection with our pure intuition of space: namely, matter. This
is true of the laws of mechanics, but it is a very special case (Kreines 2009:

540, 543).”°

7.3 A Case for an Expanded Version of the NA

In this section, I evaluate the case for the metaphysics of the NA. After first
adding to the evidence provided by Watkins and Kreines, I then raise some
clarificatory questions and objections that I will address in subsequent
sections.

Watkins’s case for the metaphysics of the NA rests on a sophisticated,
historically sensitive interpretation of Kant’s model of causality. Crucial to
this model is the notion of causal powers that substances exercise in
accordance with their natures. Watkins also provides an attractive reading
of the resolution to the Third Antinomy wherein the idea that laws of
nature are laws of natures plays a crucial role (Watkins 200s: 334).”
Kreines’s case for the metaphysics of the NA begins with some remarks
in the Transcendental Dialectic that he takes to commit Kant to a

** One might wonder what implications Kreines’s view has for our knowledge of particular causal
relations. If he were to construe Kant as holding that knowledge of a particular causal relationship
requires knowing some particular empirical kind along with the laws sustained by that kind, then
Kreines would have to say that in general Kant precludes our knowing particular causal relations.
However, Kreines does not commit himself to the antecedent here.

The idea, briefly, is that my phenomenal self’s being determined by prior events and the laws of
nature to, say, ignore the pleas of the homeless person on the street is compatible with this being a
free act because my noumenal self freely decided the nature of my phenomenal self, and the latter in
turn partly grounds the particular laws of nature my phenomenal self is subject to. In this way, my
noumenal self’s choice helps to determine the laws of nature, which includes laws of the nature of
my phenomenal self.

21
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particular view of explanation, which he calls the simple intuition: “explan-
ation must provide information about an underlying condition on which
an explanandum really depends” (Kreines 2009: 531). Now, we typically
invoke laws to explain regularities, like that Bs regularly follow As. Kant’s
view of explanation rules out a Humean understanding of particular laws
because then laws will merely restate the regularity in question. Instead,
the simple intuition points us toward a model of nomic explanation
whereby laws “provide information about an underlying condition on
which the regularity depends, namely, the nature of the kind” (Kreines
2009: 532). Laws based in natures will explain not just why the Bs we have
seen have regularly followed As but also why any future or counterfactual
cases of As would have to be followed by Bs. Admittedly, the DA appears
similarly well equipped to accommodate the simple intuition. However,
Kreines argues that this reading would have the unacceptable consequence
of denying the status of laws to any laws that cannot be derived from a
priori principles, as appeared to be the case for chemical laws during Kant’s
time™* and that will be the case for any laws that involve fundamentally
distinct kinds (Kreines 2009: 541).

I think we can add to the case for the metaphysics of the NA.
A philosophical consideration that supports the idea that Kant does not
in general make the conditions on being a law dependent on the condi-
tions under which laws are known, as on the DA and BSI, is that he
countenances at least the possibility of lawfulness at the level of things-in-
themselves, despite our lack of epistemic access to them: “The lawfulness
of things-in-themselves would necessarily pertain to them even without an
understanding that cognizes them” (B164). Only a nonepistemic account
of laws, such as the NA, is consistent with the idea of lawfulness at the level
of things-in-themselves — particularly if the laws are governing principles
endowed with nomic necessity.”

The NA also gains some modest support from the details of the
development of Kant’s thinking about laws. Michela Massimi has argued
persuasively that the pre-Critical Kant endorses a dispositional essentialist
model of laws, whereby as she puts it, “physical necessity . . . is grounded
in nature’s capacities and natural powers, from which laws of nature are
read off” (Massimi 2014: 493). In texts such as the Universal Natural

** McNulty 2015: 2 makes the same point.

» T am assuming here that Kant would prefer a uniform account of what it is to be a law of nature to
one that would make the lawfulness of particular laws fundamentally different from the lawfulness
of noumenal laws and transcendental laws.
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History and Only Possible Argument, Kant claims explicitly that the
necessity of the laws of mechanics is rooted in the essence of matter, such
that it is impossible for matter to exist as matter and yet operate according
to different laws (OPA 2:100).** The necessity of other laws likewise
follows from the essences of the relevant kinds of things: “But that a
celestial body in its liquid state should, entirely necessarily and as a result
of such universal rules, strive to assume a spherical form . . . that is inherent
in the essence of the thing itself” (OPA 2:102). For the pre-Ciritical Kant,
the essence or nature of a thing involves fundamental causal powers (or
forces) and necessary rules that direct their operations. Particular laws
cannot exist without there being causally active natures to support them,
and those natures cannot themselves exist without following these particu-
lar laws. In this respect, natures are “tied” to laws (UNH 1:227).

The character of Kant’s pre-Ciritical account of laws can be brought out
by comparing it with some of the historically available models of laws of
nature that were likely to have influenced him. On the one hand, there is
the top-down model of the laws of nature offered by the Occasionalists.
For Malebranche and those of his ilk, laws of nature are simply God’s
general volitions. The things that exist are not essentially bound to obey
the laws that they do — God could in principle have created those same
things while having them obey different laws. Finite substances lack
causally active natures; it is the laws superimposed on them that are the
true causes of their properties, relations, and behaviors. Some Newtonians,
like Newton himself and Roger Cotes, are also attracted to a top-down
model of laws (Massimi 2014: 494—495; Ott 2009: 7), though they do not
go as far as the Occasionalists in denying to finite substances causally
efficacious natures. By contrast, Leibniz’s account of laws of nature is
bottom-up. For Leibniz, regularities in nature are to be explained in terms
of the essential natures of substances; these natures are, or include, forces
or dispositions that operate according to in-built, necessary rules (Adams
1994: 313—314; Rutherford 1993: 140-141).”> Any occurrences that are not
explicable through the natures of substances are supernatural.”® Insofar as
the Occasionalists take all occurrences in the natural world to be this way,
and the Newtonians everything involving gravity, Leibniz complains that

** This is how I understand Kant’s reference to “logical necessity” (OPA 2:100).

» Leibniz describes natures in On Nature Itself as “created, active force” (Leibniz 1989: 156) and “a
certain efficacy [that] has been placed in things, a form or force” (Leibniz 1989: 159).

In the Discourse on Metaphysics he says that “that which is limited in us could be called our nature or
our power and in that sense, that which surpasses the natures of all created substances is
supernatural” (Leibniz 1989: 49).

26
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they unduly multiply the supernatural (Leibniz 1989: 143, 336). Of these
accounts, the pre-Critical Kant’s is clearly closest to the Leibnizian. This is
what allows Kant to work with a broadly Leibnizian account of supernat-
ural occurrences in the OPA, whereby these involve events that are not
explicable through the forces and rules inherent in the natures of things
(OPA 2:1041L.).

Why not think Kant’s pre-Ciritical account of laws is just another of the
fanciful dreams that Kant dreamed during his dogmatic slumber? There
are various considerations that point toward Kant’s continued adherence
to some version of a bottom-up necessitation account in the Critical
period, despite radical shifts in his thinking about the natural world and
the conditions of our knowledge of it.

First, there is the fact that Kant does not abandon the language of
essence and nature in the Critical Period. It continues to occupy a
prominent place in his writings on the topic of natural science, for
example, the Metaphysical Foundations (MF 4:467—468). Moreover, there
is a natural way of reading this text in which its goal is to reveal as before,
albeit within a radically new philosophical framework, the forces and laws
that necessarily attach to all matter in virtue of its nature. The causal
powers essential to matter include attraction and repulsion, while the laws
include Kant’s three laws of mechanics and the law of universal gravitation.

Second, there are texts from the late pre-Ciritical through to the Critical
period in which Kant underscores the close relationship between laws and
natures. In the Metaphysics L,, for example, transcripts of lectures given in
the 1770s, Kant says that “every nature has laws” (28:216). In a thematically
related reflection from the 1780s, he says that something is “contrary to
nature [Naturwiedrig] insofar as it contradicts [wiedersteht] the laws of the
nature of a thing |den Gesetzen der Natur eines Dinges]” (Refl. 18:180 [Rs5432],
emphasis added). The context of the former remark is significant insofar as
it reveals Kant’s continued adherence to a Leibnizian account of the
supernatural, an account that fits naturally with a bottom-up model of laws.

Such claims are not confined to unpublished reflections and
lecture transcripts. In the introduction to the Critique of Judgment, Kant
writes that

specifically different natures, besides that which they have in common as
belonging to nature in general, can still be causes in infinitely many ways;
and each of these ways must (in accordance with the concept of a cause in
general) have its rule, which is a law, and hence brings necessity with it,
although given the constitution and the limits of our faculties of cognition
we have no insight into this necessity. (CJ 5:183)
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What such passages indicate is that in the Ciritical period Kant continues to
think that each empirical nature is associated with distinctive causal powers
and general, necessary rules according to which these powers operate.
Specific empirical natures cannot exist without bringing with them laws,
which lead to regularities in the effects produced by them. This is so even if
we cannot know what the laws are and whether and to what extent there
are any substantive connections between the empirical laws governing
different natures.

Significantly, though, the Critical Kant’s views on the connection
between laws and natures do not appear to be restricted to particular
empirical natures and particular empirical laws. Kant also has a notion of
“Nature in general” (referenced in the immediately quoted passage), by
which I take him to mean both the essential structural aspects of the
empirical world #nd a most general nature common to, and contained in,
all particular empirical natures, in the same way that the nature of metal is
common to, and contained in, the natures of gold and lead.”” Just as
particular, empirical natures are necessarily accompanied by their corres-
ponding particular laws, so Nature in general is necessarily accompanied
by the transcendental laws of nature: neither can exist without the other.
Though the possibility of Nature in general is due to transcendental laws
(B16s; A216/B263), these laws have no application or significance apart
from that nature (A160-161/B200—201). Both empirical and transcendental
laws require some nature for their realization, just as both particular
natures and Nature in general can exist only if accompanied by their
associated laws.

I take the considerations presented in this section to show not just that
proponents of the NA are on to something but that the NA should be
extended beyond particular empirical laws to transcendental laws and
noumenal laws (if there be any such). It is time to begin clarifying the
NA and addressing objections to the extended version of it.

Just what are natures for Kant? How exactly should we understand the
connection between laws and natures? I take the NA to posit a necessary
connection between natures and their corresponding laws, such that the
relevant laws always accompany the relevant natures and vice versa, but
this is consistent with different models. Brian Ellis’s dispositional essen-
tialist account is one such model. For Ellis, there are various natural kinds,
and there are properties that are essential to members of these kinds. The
laws of nature derive their content and modal force from these essential

*7 See B165 and MF 4:472.
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properties, some of which are dispositional. For example, there is a law to
the effect that electrons have negative charge, and this arises from the fact
that negative charge is essential to being an electron. Facts about laws,
which have the force of metaphysical necessity, reduce to facts about
essential properties of kinds of things (Mumford 2004: 106-109). This
has led Stephen Mumford to object that the reductionist view is actually
inconsistent with a governing account of laws. The problem is that if laws
reduce to a fundamental base in the essential properties, then laws cannot
be said to determine the base. As he puts it: “The laws merely ride on the
back of these properties but, unlike jockeys on horses, cannot claim any
credit for the direction the properties take” (Mumford 2004: 121). Is the
Critical Kant working with a reductionist model like Ellis’s that is open to
this objection, or some other model? In Section 7.4, I attempt to answer
this question after first trying to clarify the nature of a nature for Kant. In
the conclusion, I then draw on this clarification to respond to two objec-

tions to the expanded NA.

7.4 The Nature of Natures and Laws

In the Metaphysical Foundations, Kant distinguishes between the term
“nature” in its “formal” and “material” meanings. The latter refers to the
sum total of all the objects of experience. Nature in its formal meaning, by
contrast, refers to the “first inner principle of all that belongs to the
existence of a thing” (MF 4:467). In this sense of the term, which is the
one that matters for our discussion, we can speak of the natures of
particular individuals and kinds of things (e.g., “fluid matter” and “fire”
[A419n/B446n]), as well as of Nature in general.

Kant’s definition, which is not unique to this text,”® is rather obscure
and itself in need of clarification. Since Kant tends to use the terms
“nature” and “real essence” interchangeably, we can start by looking at
what he says about real essences in the logic and metaphysics lectures.™
Kant contrasts real essences with logical essences. The logical essence of a
thing or kind of thing consists in the fundamental conceptual marks that
are necessary for us to think of it. By contrast the real essence of a thing is
“the first basic concept of everything that really and in fact belongs to the
thing” (24:116). The properties that are essential for us to think of

28

* See 24:840 (from the Vienna Logic, transcripts of logic lectures that Kant gave around 1780) and
24:728 (from the Dohna-Wundlacken Logic, from the early 1790s).
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something — those comprising its logical essence — need not be properties
that are genuinely necessary for the thing. Real essences correspond to
real definitions. Judgments about the properties belonging to, and
resulting from, the real essence are synthetic rather than analytic
(28:820).

But not everything that admits of a real definition and is the subject
of synthetic judgments has a nature. Geometric figures satisfy these
conditions, but Kant says they merely have essences rather than natures,
because “in their concept nothing is thought that would express an
existence” (MF 4:467n). What do we have to think in the concept of a
thing for it to “express an existence” and thus for us to ascribe a nature
to it? The answer, I think, is causal power. This I take to be the ability
of a substance to ground the existence of determinations in itself — that
is, positive states and behaviors — and to bring about changes in the
determinations of other substances. The grounding in question is not
logical, as is the case when a property follows from a concept in
accordance with the law of noncontradiction, but rather “real.”
Remarks such as the following leave little doubt that Kant is thinking
of fundamental causal powers as the “first inner principle[s] of the
existence of a thing”:

It [i.e. the nature of a thing] concerns power and activity, the essential
power is therefore the nature of the thing. E.g. The nature of quicksilver
must contain the real ground of all of its consequences, i.e. the power, e.g.

weight, fluidity, mobility. (28:49)

The general real ground of the determinations inhering in a thing is nature;
thus, that through which according to a general law, it is determined what
belongs to the predicates of its existence. (Refl 18:180 [R5432])

Attractive force, for example, is one of the powers included in the nature of
matter. This force is the ground for the fact that all matter exists with the
following determination: it falls when it is dropped. As for quicksilver,

B&fE, but whatever they are, they are the ground of the existence of its
various states and of the changes it brings about in the states of other
substances. As for Nature in general, there are no particular powers that
belong to it, since as something common to all particular empirical natures
it is nonspecific, but I would suggest that the concept of it includes the
idea of causal power in general.

Let’s turn to the issue of the connection between natures and laws. In
the Metaphysical Foundations, Kant says that “the word ‘nature’ already
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carries with it the concept of laws, and the latter carries with it the concept
of the necessity of all the determinations of a thing belonging to its
existence” (MF 4:468). Putting this together with the previous points,
I understand laws of nature to be rules that dictate the manner in which
determinations must follow from the powers included in the nature of a
thing. Laws do this by determining how the powers are exercised. For
example, the law of universal gravitation dictates that bodies will attract
one another to a degree directly proportional to their mass and inversely
proportional to the square of their distance. The transcendental laws do
not necessitate the existence of particular determinations, but they do
provide some general constraints on the manner in which powers are
related to determinations: for example, no change in a determination can
occur without the exercise of some power of a substance.

So understood, laws are not themselves powers or forces — the law of
universal gravitation is not what propels the book to the floor when it is

dropped. Instead,

. All particular natures
have the transcendental laws that go along with Nature in general as very
general operating instructions, along with a set of particular laws.
Natures cannot exist without the laws that regulate the operation of
the powers associated with them, and these laws cannot change without
the natures being other than they are (whether it be a particular
empirical nature or Nature in general). But laws likewise cannot exist
without natures, since they presuppose powers whose efficacy is in need
of regulation; they lack any inherent powers. The notion of a law of
nature without a corresponding nature makes as little sense as a nature
without a law.

Is the
account reductionist like Ellis’s? I don’t think so. For Ellis, the content and
governing power of laws arises out of their essential properties, some of
which are dispositional properties, similar to Kant’s causal powers (Ellis
200I: 4—5). But Kant doesn’t view the causal powers as giving rise to laws,
since the latter have the job of directing the former; while the laws and
causal powers are posited together with the nature of a given substance,
and always go together, they are distinct aspects of it. Kant’s position is
thus not vulnerable to Mumford’s objection.

If the content and governing power of laws is not reducible to
features of the causal powers included in the empirical natures, where
do they come from? I offer the following as a somewhat speculative
answer to this difficult question. There is considerable evidence that
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Kant thinks of all laws of nature as having a priori grounds. This was
one of the key motivations for the DA. Now, the DA assumes that the a
priori grounds in question must be epistemically accessible to us, since
in the case of empirical laws, we must be able to use them to deduce the
empirical laws from the empirical data. This led to the unfortunate
result that empirical laws that cannot be deduced in this way — of which
there is reason to think there are many — cannot be laws. But how can
the NA itself make sense of Kant’s insistence on the role of a priori
grounds?

My suggestion is that we need a distinction between different types of a
priori grounds of laws — ones that are epistemically accessible to us and
ones that are not. What unites such grounds is that they are conditions of
the possibility of the empirical natures associated with the laws. The
complete set of a priori grounds for a given empirical nature will provide
the full explanation for the nature and the corresponding laws being as
they are. For such grounds to be epistemically accessible to us, they will
typically have to be subjective conditions of our experience of the empirical
nature in question, involving aspects of our pure understanding and/or
sensibility. But laws can also have grounds of possibility that have nothing
to do with us as subjects, in which case, while we might perhaps be able to
see what the rules associated with them are, we can’t understand why the
content of the rules must be the way it is, and why things with that nature
must behave in that fashion. But this does not foreclose the possibility of
another being having a priori insight (working with the grounds of
possibility) to grasp what we are missing.

Consider the transcendental laws, for example, the causal principle. The
content of this rule and its necessity is comprehensible to us because it is,
or can be deduced from, subjective conditions of the possibility of our
experience of Nature in general. Something similar holds of the laws of
mechanics. The content and necessity of these laws has its basis in
subjective conditions of the possibility of our experience of the empirical
nature of matter (the object of the empirical concept of matter). In
particular, they are based on principles of the pure understanding (the
transcendental laws of nature) and on aspects of our pure sensibility,
particularly our ability to mathematize various aspects of the content of
the empirical concept of matter. For this reason, we can see why it belongs
to the nature of matter to act according to these particular mechanical laws
and no others.

The case is different for other particular empirical laws, like the laws of
chemistry. Kant is famously skeptical of our ability to come to know
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chemical laws because of their nonmathematical character (MF 4:471).
I take it this is because their lack of mathematical content is an indication
that the laws have their basis in a priori conditions of the possibility of the
chemical natures in question to which we lack epistemic access. Such
conditions would presumably involve features of the noumenal world
(e.g., the noumenal natures that ground those chemical natures, and/or
aspects of a divine understanding’s manner of cognizing those natures).
Though an a priori justification-cum-explanation of the chemical laws
exceeds our abilities, it is not necessarily beyond the cognitive powers of

another being (like God).”®

7.5 Conclusion

In this chapter, I have tried to argue for, extend, and clarify the Necessita-
tion Account. The NA was originally offered as an account of the particu-
lar laws of nature. Its core epistemic thesis is that particular laws are not
necessarily knowable by us; its core metaphysical thesis is that Kant
conceives of particular laws in terms of particular empirical natures, the
positing of which necessitates certain regular behaviors. 1 argued that
transcendental laws of nature, as well as noumenal laws (if there are any
such) are similarly associated with natures. In the case of transcendental
laws, the nature in question is Nature in general, which might be thought
of as a completely general nature common to and contained in all particu-
lar empirical natures. The positing of this nature brings with it the
transcendental laws and indeterminate causal power associated with it. In
this respect, Kant has a uniform metaphysics of laws of nature.

The relationship between laws and natures was not initially clear. As
I understand it, Kant holds that natures cannot exist apart from their
associated laws, and those laws cannot exist apart from (must be realized
within) their associated natures. This is the sense in which laws are inherent
in natures and Kant’s model of laws is bottom-up. However, the Critical
Kant does not endorse a reductionist model like Ellis’ dispositional
essentialism. Laws do not reduce to the causal powers that define a given

3° The law of universal gravitation is yet a third kind of case. Kant thinks that universal attraction is
essential to matter and that this property is “comprehensible a priori” (MF 4:518). In addition, he
clearly thinks we are justified in believing that masses attract one another in a manner inversely
proportional to the square of the distances and directly proportional to their masses. But as for why
the content of the law is precisely thus, i.e., why attractive force behaves in precisely this way, I take
it the reason lies in a priori noumenal conditions of the possibility of matter to which we lack
cognitive access.
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nature but are a separate aspect of that nature, albeit one no more detach-

able from the nature than the causal power is. [iCHSICHIEVERIRatTE
EENpEsSibiliACREEIRERNE. These grounds are not always epistemically

accessible to us.

Let’s close by addressing two objections to the expanded NA. The first
concerns the apparent inconsistency between what it says about-
transcendental laws and Kant’s Legislation Thesis. Kant’s account of
transcendental laws might seem to be a paradigmatic top-down model,
with the human understanding playing something like the role that the
divine will plays on the Occasionalist model of laws: superimposing laws
onto a natural order that is not inherently lawful.”" I think this is the wrong
way to think about transcendental laws. Indeed, these laws have their
source in the pure understanding. But it is also true that the
transcendental laws are part of the identity conditions for all empirical
natures; those natures would not be the natures that they are, would not be
empirical natures, without conforming to the transcendental laws. The
transcendental laws, in turn, exist as laws only insofar as there exists a
Nature in general for them to inform. The Legislation Thesis is consistent
with a bottom-up model of laws of this sort, whereby laws and their
associated natures always exist together.

The second objection concerns the apparent inability of the NA to
make sense of the manner in which particular laws of nature do not simply
have an a priori ground but are grounded at least in part in transcendental
laws. One passage indicative of this commitment was discussed in the
context of the DA: “all laws of nature stand under higher principles of the
understanding, as they only apply the latter to particular cases of appear-
ances” (A159/B198). For Friedman, this is evidence of a relationship of
epistemic dependence between the transcendental laws and the particular
laws, such that particular laws can be deduced from the transcendental
laws (and sometimes mechanical laws) in conjunction with the empirical
data. What can the extended NA say about this? The reason that particular
laws of nature stand under the transcendental laws is that the particular
empirical natures associated with those laws all have in common a most
general nature, Nature in general. In line with this, Kant speaks of the
particular natures as “modifications” of the transcendental concept of
nature, which corresponds to Nature in general (C/ 5:179). Insofar as this

3" T take it this is the picture Ellis (2001: 1) has in mind when he groups Kant with proponents of a top-
down model of laws.
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Nature is governed by inherent transcendental laws, all of the particular
empirical natures that are its specifications are governed by these laws as
well. For this reason, all particular laws are subject to the general constraint
that they do not violate the transcendental laws (B165). But this does not
mean that we need be able to deduce all particular laws from the transcen-
dental laws, even with all available empirical data, because in many cases
these particular laws derive from conditions of possibility to which we lack
epistemic access.


https:/www.cambridge.org/core/terms
https://doi.org/10.1017/9781316389645.008
https:/www.cambridge.org/core

Bibliography

Adams, Robert. 1994. Leibniz: Determinist, Theist, Idealist. Oxford University
Press.

Allison, Henry E. 1996. Idealism and Freedom. Cambridge University Press.

2001. Kant’s Theory of Taste. Cambridge University Press.

Ameriks, Karl. 1978. “Kant’s Transcendental Deduction as a Regressive Argument.”

Kant-Studien 69: 273—28s.

2000. Kant and the Fate of Autonomy. Cambridge University Press.

2006. Kant and the Historical Turn. Oxford University Press.

2012. Kant’s Elliptical Path. Oxford University Press.

2016. “On the Many Senses of ‘Self-Determination,” in K. Moran and J. von
Platz (eds.), Freedom and Spontaneity in Kant. Cambridge University Press.

Armstrong, David. 1983. What Is a Law of Nature?. Cambridge University Press.

Beatty, John. 1995. “The Evolutionary Contingency Thesis,” in G. Wolters and
J. G. Lennox (eds.), Conceprs, Theories and Rationality in Biological Science.
University of Pittsburgh Press.

Beck, Lewis White. 1967. “Once More unto the Breach: Kant’s Answer to Hume,
Again.” Ratio 9: 33-37.

Beiser, Frederick. 2006. “Kant and Naturphilosophie,” in M. Friedman and
A. Nordmann (eds.), The Kantian Legacy in Nineteenth Century Science.
MIT Press. Pp. 7—26.

Bennett, Jonathan. 1966. Kant’s Analytic. Cambridge University Press.

Bertoloni Meli, Domenico. 1993. Equivalence and Priority: Newton versus Leibniz.
Oxford University Press.

Bird, Alexander. 2007. Nature’s Metaphysics: Laws and Properties. Oxford University
Press.

Blumenbach, Johann Friedrich. 1781/1789. Ueber den Bildungstrieb. Translated by
A. Crichton. T. Cadell, 1792.

Brandt, Reinhard. 1989. “The Deductions in the Critique of Judgment. Comments
on Hampshire and Horstmann,” in E. Férster (ed.), Kant’s Transcendental
Deductions. Stanford University Press.

Breitenbach, Angela. 2006. “Mechanical Explanation of Nature and Its Limits in
Kant’s Critique of Judgment.” Studies in History and Philosophy of Biological
and Biomedical Science 37: 694—711.


https:/www.cambridge.org/core/terms
https://doi.org/10.1017/9781316389645.015
https:/www.cambridge.org/core

276 Bibliography

2008. “Two Views on Nature: A Solution to Kant’s Antinomy of Mechanism
and Teleology.” British Journal for the History of Philosophy 16: 351-369.

2009a. Die Analogie von Vernunft und Natur: Eine Umwelsphilosophie nach
Kanr. Walter de Gruyter.

2009b. “Teleology in Biology: A Kantian Approach.” Kant Yearbook 1: 31—56.

2014. “Biological Purposiveness and Analogical Reflection,” in I. Goy and
E. Watkins (eds.), Kant’s Theory of Biology. Walter de Gruyter.

Forthcoming. “Laws and Ideal Unity,” in W. Ott and L. Patton (eds.), Laws of
Nature. Oxford University Press.

Brittan, Gordon. 1978. Kant’s Theory of Science. Princeton University Press.

Buchdahl, Gerd. 1965. “Causality, Causal Law, and Scientific Theory in the
Philosophy of Kant.” British Journal for the Philosophy of Science 16: 187—208.

Metaphysics and the Philosophy of Science. Blackwell.

Buchwald, J. Z. 1994. The Creation of Scientific Effects: Heinrich Hertz and Electric
Waves. University of Chicago Press.

Buffon, George-Louis Leclerc. 1749-1804. Histoire Naturelle, générale et
particuliére, avec la description du Cabinet du Roy, 46 vols. Imprimerie du Roi.

1792. Buffon’s Natural History Containing a Theory of the Earth, a General
History of Man, of the Brute Creation, and of Vegetables, Minerals, ., 10
vols. Translated by J. Smith Barr. J. S. Barr.

Chignell, Andrew. 2014. “Modal Motivations for Noumenal Ignorance:
Knowledge, Cognition, and Coherence.” Kant-Studien 105: 573—597.

Choi, Sungho and Fara, Michael. 2016. “Dispositions”, The Stanford
Encyclopedia of Philosophy (Spring 2016 Edition), Edward N. Zalta (ed.),
URL = <https://plato.stanford.edu/archives/sprzo16/entries/dispositions/>.

Clarke, Ellen. 2010. “The Problem of Biological Individuality.” Biological Theory
5: 312-325.

2013. “The Multiple Realizability of Biological Individuals.” Jjournal of
Philosophy 60: 413—435.

Cohen, Alix. Forthcoming. “Kant on Evolution: A Re-Evaluation,” in ]J. Callanan
and L. Allais (eds.), Kant on Animals. Oxford University Press.

Cohen, L. Bernard 1980. The Newtonian Revolution. Cambridge University Press.

Cohen, I. Bernard and Anne Whitman (eds.). 1999. The Principia: Mathematical
Principles of Natural Philosophy. University of California Press.

Correia, Fabrice 2011. “On the Reduction of Necessity to Essence.” Philosophy and
Phenomenological Research 84: 639—653.

Darrigol, Olivier. 2000. Electrodynamics from Ampére to Einstein. Oxford
University Press.

Descartes, René. 1985. The Philosophical Writings of Descartes, 2 vols. Edited and
translated by J. Cottingham, R. Stoothoff, and D. Murdoch. Cambridge
University Press.

Dretske, Fred. 1977. “Laws of Nature.” Philosophy of Science 44: 248—268.

Du Prel, Carl. 1889. Kants mystische Weltanschauung, in Immanuel Kant’s
Vorlesungen ueber die Psychologie. Ernst Guenther.

Dyck, Corey. 2014. Kant and Rational Psychology. Oxford University Press.


https:/www.cambridge.org/core/terms
https://doi.org/10.1017/9781316389645.015
https:/www.cambridge.org/core

Bibliography 277

Edwards, Jeffrey. 2000. Substance, Force, and the Possibility of Knowledge: On
Kant'’s Philosophy of Material Nature. University of California Press.

Ellis, Brian. 2001. Scientific Essentialism. Cambridge University Press.

Ereshefsky, Marc. 2001. The Poverty of the Linnaean Hierarchy: A Philosophical
Study of Biological Taxonomy. Cambridge University Press.

Fellin, Renato, and Alessandro Blé. 1997. “The Disease of Immanuel Kant.” The
Lancer 350: 1771-1773.

Fine, Kit. 1994. “Essence and Modality,” in J. Tomberlin (ed.), Philosophical
Perspectives 8: Logic and Language. Ridgeview. Pp. 1-16.

2002. “Varieties of Necessity,” in T. Szabé Gendler and J. Hawthorne (eds.),
Conceivability and Possibility. Oxford University Press. Pp. 253—281.

2012. “Guide to Ground,” in F. Correia and B. Schnieder (eds.), Metaphysical
Grounding: Understanding the Structure of Reality. Cambridge University
Press. Pp. 37-81.

Floyd, Juliet. 1998. “Heautonomy: Kant on Reflective Judgment and Systematicity,”
in H. Parret (ed.), Kants Asthetik/Kant's Aesthetics/L esthétique De Kant. Walter
de Gruyter. Pp. 192-218.

Forster, Eckart. 2000. H. Parret (ed.), Kant’s Final Synthesis: An Essay on the Opus
postumum. Harvard University Press.

Friedman, Michael. 1983. Foundations of Space-Time Theories: Relativistic Physics
and Philosophy of Science. Princeton University Press.

1986. “Metaphysical Foundations of Newtonian Science,” in R. E. Butts (ed.),
Kant’s Philosophy of Physical Science. Reidel. Pp. 25—6o.

1992a. Kant and the Exact Sciences. Harvard University Press.

1992b. “Causal Laws and the Foundations of Natural Science,” in P. Guyer (ed.),
The Cambridge Companion to Kant. Cambridge University Press. Pp. 161-199.

1992¢. “Regulative and Constitutive.” 7he Southern Journal of Philosophy 30: 73-102.

2001. Dynamics of Reason: The 1999 Kant Lectures at Stanford University. Center
for the Study of Language and Information Publications.

2008. “Einstein, Kant, and the a Priori,” in M. Massimi (ed.), Kant and
Philosophy of Science Today, Royal Institute of Philosophy Supplement: 63.
Cambridge University Press. Pp. 95—112.

2010. “Synthetic History Reconsidered,” in M. Domski and M. Dickson (eds.),
Discourse on a New Method: Reinvigorating the Marriage of History and
Philosophy of Science. Open Court. Pp. 571-813.

2012a. “Reconsidering the Dynamics of Reason.” Studies in History and
Philosophy of Science 43: 47—53.

2012b. “The Prolegomena and Natural Science,” in H. Lyre and O. Schliemann
(eds.), Kants Prolegomena. Ein kooperativer Kommentar. Klostermann.
Pp. 299-326.

2012¢. “Newton and Kant: Quantity of Matter in the Metaphysical Foundations
of Natural Science.” The Southern Journal of Philosophy s0: 482—503.

2013. Kant’s Construction of Nature: A Reading of the Metaphysical Foundations of
Natural Science. Cambridge University Press.

2014. “Laws of Nature and Causal Necessity.” Kant-Studien 105: 531-553.


https:/www.cambridge.org/core/terms
https://doi.org/10.1017/9781316389645.015
https:/www.cambridge.org/core

278 Bibliography

Geiger, Ido. 2003. “Is the Assumption of a Systematic Whole of Empirical
Concepts a Necessary Condition of Knowledge?” Kant-Studien 94:
273—298.

Geroch, Robert. 1978. General Relativity from A to B. University of Chicago
Press.

Ginsborg, Hannah. 1992. “Kant and the Systematicity and Purposiveness of
Nature.” Unpublished ms.

1998. “Korsgaard on Choosing Nonmoral Ends.” Ethics 109: 5—21.

2015. The Normativity of Nature: Essays on Kant's Critique of Judgement. Oxford
University Press.

Gregor, Mary J. 1979. “Introduction,” in Immanuel Kant, Conflict of the Faculties.
Translated by M. J. Gregor. Abaris.

Grier, Michelle. 1997. “Kant on the Illusion of a Systematic Unity of Knowledge.”
History of Philosophy Quarterly 14: 1—28.

2001. Kant’s Doctrine of Transcendental Illusion. Cambridge University Press.

Gurtin, Morton, Eliot Fried, and Lallit Anand. 2010. The Mechanics and
Thermodynamics of Continua. Cambridge University Press.

Guyer, Paul. 1987. Kant and the Claims of Knowledge. Cambridge University Press.

1990. “Reason and Reflective Judgment: Kant on the Significance of
Systematicity.” Nods 24: 17—43.

1997. Kant and the Claims of Taste, second edition (first edition published in
1979). Cambridge University Press.

2000. “The Unity of Nature and Freedom: Kant’s Conception of the System of
Philosophy,” in S. S. Sedgwick (ed.), The Reception of Kant’s Critical
Philosophy. Cambridge University Press. Pp. 19-63. Reprinted in Guyer
2005.

2003a. “Kant’s Answer to Hume.” Philosophical Topics 31: 127-164. Reprinted
in Guyer 2008.

2003b. “Kant on the Systematicity of Nature: Two Puzzles.” History of
Philosophy Quarterly 20: 277—295.

2005. Kant'’s System of Nature and Freedom. Oxford University Press.

2008. Knowledge, Reason, and Taste: Kants Response to Hume. Princeton
University Press. Pp. 71-123.

Hamel, Georg. 1909. “Uber die Grundlagen der Mechanik.” Mathematische
Annalen 66: 350-397.

Hebbeler, James. 2015. “Kant on Necessity, Insight, and a Priori Knowledge.”
Archiv fiir Geschichte der Philosophie 97: 34—65.

Herschel, William. 1791. Uber den Bau des Himmels: Drey Abbhandlungen
aus dem Englischen iibersetzt. Nebst einem authentischen Auszug aus Kants
allgemeiner ~ Naturgeschichte und —Theorie des Himmels. Friedrich
Nicolovius.

Hume, David. 1739-1740/2007. A Treatise of Human Nature. Edited by D. Fate
and M. J. Norton. 2 vols. Clarendon Press.

1748/2000. An Enquiry Concerning Human Understanding. Edited by T. L.
Beauchamp. Clarendon Press.


https:/www.cambridge.org/core/terms
https://doi.org/10.1017/9781316389645.015
https:/www.cambridge.org/core

Bibliography 279

1755. Vermischte Schriften. Translated by G. C. Grund and A. H. Holle.
Hamburg and Leipzig.

1778/1998. Dialogues Concerning Natural Religion. Edited by R. H. Popkin.
Hackett.

1790-1792. Uber die menschliche Natur. Translated by L. H. Jakob, 3 vols.
Hemmerde and Schwetschke.

Irving, J. H., and J. G. Kirkwood. 1950. “The Statistical Mechanical Theory of
Transport Processes IV. The Equations of Hydrodynamics.” The Journal of
Chemical Physics 18: 817-829.

Jaki, Stanley L. 1981. “Introduction,” in his (tr.) I. Kant 1755. Universal Natural
History and Theory of the Heavens. Scottish Academic Press.

Joos, Georg 1934. Theoretical Physics. Translated by I. M. Freeman. Hafner.

Kant, Immanuel. 1900— . Gesammelte Schriften, 29 vols. Edited by Deutsche
(formerly Koniglich Preussische) Akademie der Wissenschaften. De
Gruyter.

1992a. Lectures on Logic. Translated and edited by J. M. Young. Cambridge
University Press.

1992b. Theoretical Philosophy 1755—1770. Translated and edited by D. Walford
and R. Meerbote. Cambridge University Press.

1995. Opus Postumum. Translated and edited by E. Forster and M. Rosen.
Cambridge University Press.

1996. Practical Philosophy. Translated and edited by M. J. Gregor. Cambridge
University Press.

1997. Lectures on Metaphysics. Translated and edited by K. Ameriks and
S. Naragon. Cambridge University Press.

1998. Critique of Pure Reason. Translated and edited by P. Guyer and A. W.
Wood. Cambridge University Press.

2001. Critique of the Power of Judgment. Translated and edited by P. Guyer and
E. Matthews. Cambridge University Press.

2002. Theoretical Philosophy after 1781. Edited by H. E. Allison and P. Heath.
Translated by G. Hatfield, M. Friedman, H. E. Allison and P. Heath.
Cambridge University Press.

2004. Metaphysical Foundations of Natural Science. Translated and edited by
M. Friedman. Cambridge University Press.

2012. Natural Science. Edited by E. Watkins. Translated by L. W. Beck,
J. B. Edwards, O. Reinhardt, M. Schonfeld, and E. Watkins. Cambridge
University Press.

Kemp-Smith, Norman. 1992. A Commentary to Kant’s Critique of Pure Reason.
Macmillan.

Kennefick, Daniel. 2009. “Testing Relativity from the 1919 Eclipse: A Question of
Bias.” Physics Today 62: 37—42.

Kitcher, Philip. 1986. “Projecting the Order of Nature,” in R. E. Butts (ed.),
Kant'’s Philosophy of Physical Science. Reidel. Pp. 201-235.

1994. “The Unity of Science and the Unity of Nature,” in Paolo Parrini (ed.),
Kant and Contemporary Epistemology. Kluwer. Pp. 253—272.


https:/www.cambridge.org/core/terms
https://doi.org/10.1017/9781316389645.015
https:/www.cambridge.org/core

280 Bibliography

1996. “Aprioristic Yearnings.” Erkenntnis 44: 397—416.

Kleingeld, Pauline. 1998. “The Conative Character of Reason in Kant’s
Philosophy.” The Journal of the History of Philosophy 36: 77—97.

Kreines, James. 2009. “Kant on the Laws of Nature and the Limitation of Our
Knowledge.” European Journal of Philosophy 17: 527—558.

Lagrange, Joseph-Louis. 1777. “Remarques générales sur le mouvement des
plusieurs corps qui s’attirent mutuellement en raison inverse des carrés des
distances,” in Nowveaux Mémoires de IAcadémie royale des sciences et belles-
lettres. Berlin. Pp. 155-172.

Lambert, J. H. 1761/1976. Cosmological Letters on the Arrangement of the World
Edifice. Edited and translated by S. L. Jaki. Scottish Academic Press.

Langton, Rae. 1998. Kantian Humility and Things in Themselves. Oxford
University Press.

Leibniz, Gottfried. 1989. Philosophical Essays. Edited and translated by R. Ariew
and D. Garber. Hackett.

Lenoir, Timothy. 1980. “Kant, Blumenbach and Vital Materialism in German
Biology.” Isis 71: 77-108.

1982/1989. The Strategy of Life. University of Chicago.

Lewis, David. 1997. “Finkish Dispositions.” The Philosophical Quarterly 47: 143-158.

Longuenesse, Béatrice. 1998. Kant and the Capacity to Judge: Sensibility and
Discursivity in the Transcendental Analytic of the Critique of Pure Reason.
Princeton University Press.

Lucretius, Titus Carus. 1992. De Rerum Natura. Translated by W. H. Rouse.
Revised by M. F. Smith. Harvard University Press.

Malvern, Lawrence. 1969. Introduction to the Mechanics of a Continuous Medium.
Prentice-Hall.

Marchand, J. C. 1997. “Was Emmanuel Kant's Dementia Symptomatic of a
Frontal Tumor?” Revue Neurologique 153: 35-39.

Massimi, Michela. (ed.) 2008. Kant and Philosophy of Science Today, Royal Institute
of Philosophy Supplement: 63. Cambridge University Press.

2011. “Kant’s Dynamical Theory of Matter in 1755, and Its Debt to Speculative
Newtonian Experimentalism.” Studies in History and Philosophy of Science 42
525—543.

2014. “Prescribing Laws to Nature. Part I. Newton, the Pre-Critical Kant, and
Three Problems about the Lawfulness of Nature.” Kant-Studien 105: 491—508.

Forthcoming. “Why Kant Was Not a Projectivist about Laws,” in Proceedings of
the 12th Kant Congress.

Maupertuis, Pierre Louis Moreau de [aka Dr. Baumann]. 1750. Essay de
cosmologie. Paris.

[aka Dr. Baumann]. 1754. Essai sur la formation de corps organisés. Paris and Berlin.

McKinsey, John C. C. and Patrick Suppes. 1955. “On the Notion of Invariance
in Classical Mechanics.” British Journal for the Philosophy of Science
5: 290-302.

McLaughlin, Peter. 1990. Kant’s Critique of Teleology in Biological Explanation:
Antinomy and Teleology. Mellon Press.


https:/www.cambridge.org/core/terms
https://doi.org/10.1017/9781316389645.015
https:/www.cambridge.org/core

Bibliography 281

2003. “Newtonian Biology and Kant’s Mechanistic Concept of Causality,” in
P. Guyer (ed.), Kant’s Critique of the Power of Judgment. Rowman and
Littlefield. Pp. 209—218.

2014a. “Transcendental Presuppositions and Ideas of Reason.” Kant-Studien
105: 554—572.

2014b. “Mechanical Explanation in the ‘Critique of the Teleological Power of
Judgment,” in Ina Goy and Eric Watkins (eds.), Kant’s Theory of Biology.
De Gruyter. Pp. 149-166.

McNulty, Bennett. 2015. “Rehabilitating the Regulative Use of Reason: Kant on
Empirical and Chemical Laws.” Studies in History and Philosophy of Science
54: 1-TO.

Mensch, Jennifer. 2013. Kant’s Organicism. University of Chicago Press.

Miranda, Marcelo, Andrea Slachevsky, and Diego Garcia-Borreguero. 2010. “Did
Immanuel Kant Have Dementia with Lewy Bodies and REM Behavior
Disorder?” Sleep Medicine 11: 586—588.

Misner, C. W., K. S. Thorne, and J. A. Wheeler. 1973. Gravitation. Freeman

Mitchell, Sandra D. 2000. “Dimensions of Scientific Law.” Philosophy of Science
67: 242—265.

Mumford, Stephen. 2004. Laws in Nature. Routledge.

Murdoch, A. Tan. 2012. Physical Foundations of Continuum Mechanics. Cambridge
University Press.

Nicholson, Daniel J. 2014. “The Return of the Organism as a Fundamental
Explanatory Concept in Biology.” Philosophy Compass 9: 347—359.

Okasha, Samir. 2002. “Darwinian Metaphysics: Species and Question of
Essentialism.” Synthese 131: 191-213.

O’Shea, James. 1997. “The Needs of Understanding: Kant on Empirical Laws and
Regulative Ideals.” International Journal of Philosophical Studies 5: 216—254.

Ott, Walter. 2009. Causation and Laws of Nature in Early Modern Philosophy.
Oxford University Press.

Philipp, Wolfgang. 1957. Das Werden der Aufklirung in theologiegeschichtlicher
Sicht. Vanderhoeck and Ruprecht.

Pollok, Konstantin. 2001. Kants Metaphysische Anfangsgriinde der Naturwissenschaft.
Meiner Verlag.
2014. ““The Understanding Prescribes Laws to Nature’: Spontaneity, Legislation,
and Kant’s Transcendental Hylomorphism.” Kant-Studien 105: 509—530.
Prior, E., R. Pargetter, and F. Jackson. 1982. “Three Theses about Dispositions.”
American Philosophical Quarterly 19: 251-257.

Quarfood, Marcel. 2004. Transcendental Idealism and the Organism: Essays on
Kant. Almqvist & Wiksell.

Rauscher, Frederick. 2010. “The Appendix to the Transcendental Dialectic and
the Canon of Pure Reason: The Positive Role of Reason,” in P. Guyer (ed.),
The Cambridge Companion to Kant’s Critique of Pure Reason. Cambridge
University Press.

Reath, Andrews. 2006. Agency and Autonomy in Kant’s Moral Theory. Oxford
University Press.


https:/www.cambridge.org/core/terms
https://doi.org/10.1017/9781316389645.015
https:/www.cambridge.org/core

282 Bibliography

Reichenbach, Hans. 1920. Relativititstheorie und Erkenntnis Apriori. Springer

Reimarus, Hermann Samuel. 1766. The Principal Truths of Natural Religion
Defended and Illustrated, in Nine Dissertations: Wherein the Objections of
Lucretius, Buffon, Maupertius, Roussean, La Mettrie, and Other Ancient and
Modern Followers of Epicurus Are Considered and Their Doctrines Refuted.
Translated by R. Wynne B. Law.

Reinhardt, O., and D. R. Oldroyd. 1982 “Kant’s Thoughts on the Aging of the
Earth.” Annals of Science 39: 349—369.

Resnick, Robert. 1968. Introduction to Special Relativity. Wiley.

Richards, Robert. 2000. “Kant and Blumenbach on the Bildungstrieb: A Historical
Misunderstanding.” Studies in History and Philosophy of Biological and
Biomedical Sciences 31: 11—32.

Ripstein, Arthur. 2009. Force and Freedom: Kant's Legal and Political Philosophy.
Harvard University Press.

Roger, Jacques. 1997. Buffon: A Life in Natural History. Translated by S. Lucille
Bonnefoi. Cornell University Press.

Rohlf, Michael. 2014. “The Rationality of Induction in Kant (and Hume).”
Idealistic Studies 43: 153—169.

Rosen, Gideon. 2010. “Metaphysical Dependence: Grounding and Reduction,” in
B. Hale and A. Hoffmann (eds.), Modality: Metaphysics, Logic and
Epistemology. Oxford University Press. Pp. 109-136.

Rosenberg, Alexander. 1994. Instrumental Biology or the Disunity of Science.
University of Chicago Press.

Rudwick, Martin J. 2014. Earth’s Deep History. University of Chicago Press.

Rueger, Alexander. 2007. “Kant and the Aesthetics of Nature.” British Journal of
Aesthetics 47: 138—155.

2008. “Beautiful Surfaces: Kant on Free and Adherent Beauty in Nature and
Art.” British Journal for the History of Philosophy 16: 535—557.

Rush, Fred L. Jr. 2000. “Reason and Regulation in Kant.” The Review of
Metaphysics 53: 837-862.

Rutherford, Donald. 1993. “Nature, Laws, and Miracles: The Roots of Leibniz’s
Critique of Occasionalism,” in S. Nadler (ed.), Causation in Early Modern
Philosophy. Pennsylvania State University Press.

Schénfeld, Martin 2000. The Philosophy of the Young Kant: The Pre-Critical
Project. Oxford University Press

Schopenhauer, Arthur. 1813/2012. On the Fourfold Root of the Principle of Sufficient
Reason, second edition. Translated by D. E. Cartwright, E. E. Erdmann, and
C. Janaway. Cambridge University Press.

Sloan, Philip R. 2006. “Kant on the History of Nature: The Ambiguous Heritage
of the Critical Philosophy for Natural History.” Studies in History and
Philosophy of Biological and Biomedical Sciences 37: 637—648.

Smith, George E. 2002. “The Methodology of the Principia,” in 1. B. Cohen and
G. E. Smith (eds.), The Cambridge Companion to Newton. Cambridge
University Press. Pp. 138-173.


https:/www.cambridge.org/core/terms
https://doi.org/10.1017/9781316389645.015
https:/www.cambridge.org/core

Bibliography 283

2012. “How Newton’s Principia Changed Physics,” in A. Janiak and
E. Schliesser (eds.), Interpreting Newton: Critical Essays. Cambridge
University Press. Pp. 360—395.

2014. “Closing the Loop: Testing Newtonian Gravity, Then and Now,” in
Z. Biener and E. Schliesser (eds.), Newton and Empiricism. Oxford
University Press. Pp. 252—351.

Smith, Sheldon. 2013. “Kant’s Picture of Monads in the Physical Monadology.”
Studies in History and Philosophy of Science 44: 102111

Sober, Elliott. 1997. “Two Outbreaks of Lawlessness in Recent Philosophy of
Biology.” Philosophy of Science 64, Supplement: 458—467.

Stan, Marius. 2014. “Unity for Kant’s Natural Philosophy.” Philosophy of Science
81: 423—443.

Stark, Werner (ed.). 2004. Immanuel Kant, Vorlesung zur Moralphilosophie. Walter
de Gruyter.

Stein, Howard. 1970. “On the Notion of Field in Newton, Maxwell, and
Beyond,” in R. Stuewer (ed.), Historical and Philosophical Perspective of
Science. University of Minnesota Press. Pp. 264—287.

Sterelny, Kim. 2001. “The Reality of Ecological Assemblages: A Palacoecological
Puzzle.” Biology and Philosophy 16: 437—461.

Sutherland, Daniel. 2014. “Kant on the Construction and Composition
of Motion in the Phoronomy.” Canadian Journal of Philosophy 44:
686—718.

Teufel, Thomas. 2012. “What Does Kant Mean by ‘Power of Judgment’ in His
Critique of the Power of Judgmens?” Kantian Review 17: 297—326.

Tolley, Clinton. 2006. “Kant and the Nature of Logical Laws.” Philosophical
Topics 34: 371-407.

Tooley, Michael. 1977. “The Nature of Laws.” Canadian Journal of Philosophy 74:
667—698.

Truesdell, Clifford. 1991. A First Course in Rational Continuum Mechanics, second
edition. Boston: Academic Press.

Van Fraassen, Bas. 1989. Laws and Symmetries. Oxford University Press.

Vetter, Barbara. 2012. “Dispositional Essentialism and the Laws of Nature,” in
A. Bird, B. Ellis, and H. Sankey (eds.), Properties, Powers, and Structures:
Issues in the Metaphysics of Realism. Routledge.

Walsh, Denis. 2015. Organisms, Agency, and Evolution. Cambridge University
Press.

Warren, Daniel. 2001. Reality and Impenetrability in Kant's Philosophy of Nature.
Routledge.

Watkins, Eric. 1997. “The Laws of Motion from Newton to Kant.” Perspectives on
Science 5: 311-348.

1998a. “Kant’s Justification of the Laws of Mechanics.” Studies in History and
Philosophy of Science 29: 539—s60.

1998b. “The Argumentative Structure of Kant's Metaphysical Foundations of
Natural Science.” Journal of the History of Philosophy 36: 567—593.

2]


https:/www.cambridge.org/core/terms
https://doi.org/10.1017/9781316389645.015
https:/www.cambridge.org/core

284 Bibliography

2000. “Kant on Rational Cosmology,” in E. Watkins (ed.), Kant and the
Sciences. Oxford University Press. Pp. 70-89.

2005. Kant and the Metaphysics of Causality. Cambridge University Press.

2009. “The Antinomy of Teleological Judgment.” Kantian Yearbook 1: 197—221.

2013. “Kant on Infima Species,” in Claudio La Rocca (ed.), Kant und die
Philosophie in weltbiirgerlicher Absicht. De Gruyter. Vol. s, pp. 283—294.

2014a. “What Is, for Kant, a Law of Nature?” Kant-Studien 105: 471—490.

2014b. “Nature in General as a System of Ends,” in I. Goy and E. Watkins,
Kant’s Theory of Biology. Walter de Gruyter. Pp. 117-130.

Wilson, Robert A., and Matthew Barker. 2017. “The Biological Notion of
Individual,” The Stanford Encyclopedia of Philosophy. (Spring 2017 Edition),
Edward N. Zalta (ed.), forthcoming URL = <https://plato.stanford.edu/
archives/spr2o17/entries/biology-individual/>.

Wilson, Catherine. 2005. “Kant and the Speculative Sciences of Origins,” in
J. E. H. Smith (ed.), The Problem of Animal Generation in the 17th and
18th Centuries. Cambridge University Press. Pp. 375—401.

Wilson, Mark. 2013. “What Is ‘Classical Mechanics’ Anyway?,” in R. Batterman
(ed.), The Oxford Handbook of Philosophy of Physics. Oxford University Press.
Pp. 43-106.

Zammito, John. 1992. The Genesis of Kant'’s Critique of Judgment. University of
Chicago Press.

2012. “The Lenoir Thesis Revisited: Blumenbach and Kant.” Studies in History
and Philosophy of Biological and Biomedical Sciences 43: 120-132.

Zuckert, Rachel. 2007. Kant on Beauty and Biology: An Interpretation of the

Critique of Judgment. Cambridge University Press.


https:/www.cambridge.org/core/terms
https://doi.org/10.1017/9781316389645.015
https:/www.cambridge.org/core

