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Abstract

I argue that a recently developed framework for emergence in the physical sciences
prompts a conception of fundamentality that is relative: namely, fundamentality as lim-
ited to a given level, domain or subject matter. The conception is also ontological: for it
concerns relations between the distinct ontological levels associated with theories. I argue
that, although the kind of fundamentality that appears in ontological emergence can, in
some cases, be understood as grounding, this understanding is limited to very special
interpretations of physical theories: namely, to those for which supervenience obtains.
Thus the resulting picture of the world, suggested by emergence in theories of physics, is
one of ontological levels or domains, which are relatively fundamental and are partially,
though not totally, ordered.

Keywords: fundamentality, emergence, levels, reduction, supervenience, grounding.



1 Introduction

The question whether there is a bottom level to the series of scientific theories, with
increasing fundamentality, has received two traditional answers: one says that there is a
final, bottom-rug fundamental theory, on which all higher-level theories supervene; while
the other denies that there is such bottom level, and claims that the chain of theories
continues indefinitely (‘it is turtles all the way down!’).1 But fundamentality, as we shall
see, can also be construed in different ways.

In this paper, I analyse the bearing of a recent framework for emergence on the question
of fundamentality. The framework is developed in De Haro (2017) and illustrated, in two
sets of examples, in De Haro (2017a, 2018), namely: the emergence of space, and the
emergence of masslessness. I argue that emergence suggests that it is possible to have
fundamental theories at any level, on a sufficiently precise description of the relations of
dependence and fundamentality.

I will argue that—regardless of the answer that one may give to the question about
the existence of a bottom level—fundamentality is best construed as: (i) theory-based,
(ii) level-relative, and (iii) ontological. While the notions of ‘relative fundamentality’ and
‘levels’ (or domains, or subject matters: I shall make these distinctions precise in Section
2) are of course not new,2 many of the existing proposals tend to be either blissfully
uninformed by science (certainly not explicitly informed by scientific theories!), or lacking
in the desired precision about the relations between the levels.

The framework for ontological emergence that I here advocate originates in an analysis
of contemporary theories in physics (more precisely: in an analysis of duality in quantum
field theory and quantum gravity),3 and it offers a clear analytic method to investigate
fundamentality in the physical sciences. Also, I will argue that a worry that is standardly
associated with the notion of levels (viz. Kim’s (2005: pp. 19-21) ‘exclusion principle’,
cf. also List (2017: §2)) has no force, on the construal of the emergence relations given by
the framework.

‘What is fundamentality?’ is a question that is of interest to physicists and philoso-
phers alike—it is no doubt one of our areas of common interest! In physics, fundamentality
is often construed in terms of deduction, or linkage: and so, fundamentality is often un-
derstood as formal reduction (and in terms of the explanations associated with reduction).
For example, general relativity is more fundamental than Newtonian gravity because the
latter can be derived from the former, at least for specific situations and ranges of parame-
ters: and of course not the other way around. On the other hand, philosophers have, since
Aristotle, construed fundamentality in terms of metaphysical priority (broadly construed:
thus also often including explanatory, nomological, and normative priority: though I will
make precise my use of the word ‘ontology’ in Section 4). In recent years, there has
been a revival of the discussion of fundamentality in this tradition, under the heading of
‘grounding’, or metaphysical dependence.4 Here is an example of grounding of the kind
that is often quoted: the fact that Dhaka is the most densely populated city in the world
is grounded in the fact that it is a city, and in the fact that its population density is higher
than that of all other cities in the world. While such examples are very effective in show-
ing that we often implicitly use the idea of grounding in our everyday language, they spell

2



trouble for philosophers of science: for it is unclear whether a notion like grounding, thus
constructed from the armchair, can do any work in physics—indeed in natural science.

The framework for ontological emergence that I will here advocate has three main
features that are worth mentioning at the outset:

(i) It presents an interesting alternative to the notion of fundamentality as tradition-
ally construed, because of the framework’s claim to ontological novelty.

(ii) It articulates the physical and metaphysical aspects of fundamentality.
(iii) It is precise and it can be illustrated in the physical sciences.5 The notion of

fundamentality involved will be one of relative fundamentality, ontologically construed.
The plan of the essay is as follows. In Section 2 (A), I recall the explication of

ontological emergence, in the framework of approximative emergence. In Section 2 (B), I
generalise this framework to the case of a sequence of emergent theories, and show that
the logical structure of the framework is that of a partial ordering of ontological levels,
normally without a total ordering. In Section 3, I discuss the different relations involved
in emergence, and their philosophical status, viz.: reduction, understood as deduction,6

nomological necessity, and supervenience. In Section 4, I discuss the relation between
relative fundamentality and the notion of partial grounding, and explain the sense in
which the ontology of physical theories, and thus the notion of fundamentality discussed
here, is really part of a metaphysical project: rather than being a project about our
knowledge.

2 The Framework for Emergence

In this Section, I have two aims: (A) I first recall the framework for emergence, from De
Haro (2017: §2.2-2.3). (B) I then develop the notion of ‘levels’, which is suggested by this
framework.

(A) The Framework for Approximative Emergence. Emergence refers, broadly
speaking, to the novelty and robustness of the properties or behaviour of a system, rela-
tive to an appropriate comparison class (cf. Butterfield (2011: §1.1.1)). It is commonplace
to distinguish two significant cases of emergence: cases in which there is only novelty
of description—epistemic emergence—from cases in which the novelty is in the world—
ontological emergence. In this essay, we are interested in emergence in the world, and so
I will discuss the latter.

The framework explicates the notions involved above. It begins by articulating a
notion of a physical theory as consisting of two related parts. First, a bare theory, T ,
is the theory’s formal calculus: the set of axioms, equations, etc., that are the formal
backbone of the theory.7 The bare theory is physical, because a choice of formal structure
obviously constrains, and even defines, the descriptive capacities of the theory: and thus
the kinds of physical systems that the theory can have a chance to describe). But it is still
uninterpreted. Second, an interpretation, i, is a set of partial maps, preserving appropriate
structure, from the theory to the world. The interpretation fixes the reference of the
terms in the theory. More precisely, an interpretation maps the theory, T , to a domain
of application, DW , within a possible world, W , i.e. ran(i) = DW (here, the domain will
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contain both objects, as well as their properties and relations).8 An interpreted theory
(which is what we usually mean in physics, when we say ‘a theory’) is then a quadruple,

T̂ := (T,D,W ; i): comprising bare theory, domain, possible world, and interpretation
map from theory to domain.9

We can now state the framework’s construal of ontological emergence of a special kind:
dubbed approximative emergence. First, approximative emergence defines the relation
between two bare theories as being an approximation, i.e. a top theory, Tt, is obtained
from the bottom or basic theory, Tb, through an approximation (i.e. either a limit, or
a comparison of different physical situations or systems, or some other mathematical
approximation: for details, see De Haro (2017: §2.2.1)).10 We usually think of Tt as
approximating a given situation or system. The approximation is then modelled as a
surjective map, denoted as:

Approx : Tb → Tt , (1)

where the surjectivity condition captures the idea of coarse graining that is introduced by
the approximation (e.g. think of macrostates in statistical mechanics as partitions of the
phase space, appropriate to a certain physical situation. Each microstate gets assigned
some macrostate, according to a surjective map).

Further, the central idea of ontological emergence is that the novelty is ‘in the world’.
The novelty cannot be in the bare theory, Tt (at least, not only in the bare theory). If
novelty is in the world, it is to be in the domain, Dt, to which the theory’s (i.e. Tt’s)
interpretation map, it, maps.11 Some of the top theory’s references (some elements of
Dt = ran(it)) are not in Db = ran(ib), and so: Dt 6= Db.

I will follow the literature (see e.g. Crowther (2017: p. 42)) in seeing ‘emergence’ as
a “delicate balance” between dependence, or rootedness, and independence, or auton-
omy. Roughly speaking, reduction is the ‘dependence’, or ‘linkage’, part of the emergence
claim, because it induces the links between the two domains: while ontological novelty is
responsible for the ‘autonomy’, or ‘independence’, part of the emergence claim (i.e. the
emergence map’s, e, failing to be the identity), i.e. novelty secures that the top domain
is autonomous, relative to the bottom domain.

The idea, of the codomains of the interpretation maps being distinct, can be reformu-
lated as a condition on the maps themselves: ib 6= it ◦ Approx.

It is useful to consider an emergence map linking the two domains, Db and Dt, directly.
This suggests the map is given by:

e := it ◦ Approx ◦ i−1
b : Db → Dt . (2)

Agreed: since the interpretation maps are surjective, ib does not in general have a unique
inverse. But at least one inverse map i−1

b does exist, since ib is surjective (and I will
not need to use additional notation to keep track of the different inverses, because from
Section 3 (B) onwards I will mostly discuss injective maps).

I will denote the set of such emergence maps as: E := {e : Db → Dt | ∃ i−1
b , e =

it ◦ Approx ◦ i−1
b }. The emergence condition, ib 6= it ◦ Approx, can then be rewritten in
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Approx

Tt
it−−→ Dtx x e

Tb
ib−−→ Db

Figure 1: The failure of interpretation and approximation to mesh (ib 6= it ◦ Approx)
gives rise to different interpretations, with different domains of application, Dt 6= Db.
The map, e, between the domains is not unique, but one in a family, e ∈ E .

terms of the emergence maps:12

(Emergence) ∀e ∈ E , e 6= id . (3)

This is a very natural condition. For it tells us that none of the emergence maps between
the two domains, i.e. none of e : Dt → Db, should be the identity. For, if it were, we
would find that the domains are identical, i.e. Db = Dt: and this is precisely the condition
that there is no ontological novelty, and so no emergence. Ontological emergence, thus
construed, is illustrated in Figure 1.

The bottom and top theories, Tb and Tt, thus obtained, describe different domains of
reality, Db and Dt, corresponding to a given physical system, whose states, quantities,
and dynamics are (usually!) more accurately described by the bottom theory, Tb.

In the introduction of the framework, at the beginning of this Section, I mentioned
that each domain DW belongs to a possible world W , described by the corresponding
theory, T . The possible worlds, Wb and Wt, whose domains the bottom and top theories
describe, can be taken to be either the same, or to be different. The distinction lies in the
kind of interpretation, ib and it, that one has in mind. For our subsequent discussion of
levels, this distinction will not be important: if Wt = Wb, then one can replace any talk
of levels as being ‘worlds’, by talk of ‘domains’, or ‘subject matters’.

But in this paper there will be good reason to take the two worlds as distinct: for,
from Section 3 (B) onwards, we will be mostly interested in internal interpretations,
which construct a domain, and its corresponding world, from the theory, and nothing
else. In general, the theories Tt and Tb are so different that also the worlds resulting
from the internal interpretations are different.13 If Tt and Tb differ sufficiently from each
other, the worlds that are ‘internally constructed’ from them, according to a naive/literal
interpretation of the theory, will be distinct.14

If we admit supervenience into Figure 1 by restricting to internal interpretations (and
thus, in particular, to injective interpretation maps),15 then one might wonder how there
can be novelty in the top theory, relative to the basic theory, if the former theory super-
venes on the latter. While the independence between the notions of emergence and of
supervenience has been cogently argued by Butterfield (2011): in the current framework
for emergence, there is a more specific answer to this question, given by the two relations
in which the two interpreted theories, T̂t and T̂b, stand, viz. reduction and referential
novelty (where the notation T̂ was defined at the beginning of (A)). The point is that
supervenience is a relation of in-principle-determination: but supervenience cannot pro-
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vide an ontological ground for novelty of reference. Even if supervenience implies that
one domain is (in principle) nomologically determined by the other, supervenience is not
an ontological bridge between the two domains. It is just a (partly formal) map from the
basic domain to the novel, top domain. The point is that it is of course possible to have
formal parallelism without ontological reduction.

The point can be restated as follows: the fact that e maps the bottom domain to the
top domain, without its being the identity map (cf. Eq. (3)), is consistent with the top
domain’s being determined by the bottom domain, but precisely indicates its novelty—
i.e. the two domains are distinct. Once a supervenience map is provided, there is in-
principle determination. But the supervenience map itself is not determined by the basic
theory, and so it involves novelty of reference.16

Agreed: in such cases, in which there is formal parallelism without ontological reduc-
tion, the autonomy is vastly limited: compared to cases in which there is no supervenience,
because the interpretation fails to be injective.

My use of supervenience here, as a relation between two different domains, is moti-
vated by the system of levels suggested by emergence (cf. Section (B)), and agrees with
e.g. List’s (2017: §2 (S3)) usage. But it differs from another, more common, definition
of supervenience: viz. as a relation between properties of two families of the same set of
objects, i.e. defined on a single domain (see e.g. Lewis (1986: pp. 14-17), Kim (2007: p. 9)).
For example, take two sets, A = {A1, A2, A3} and B = {B1, B2}, where the A’s and B’s
are properties of a common set of objects, the A-properties being defined as disjunctions
of (thus supervenient on) the B-properties, for the same set of objects. While the general
spirit of supervenience allows for novel reference: on this formal notion of supervenience,
on a single domain, novelty is forbidden. But notice that, given a bottom interpreted
theory, T̂b, and even assuming the strong condition that its interpretation is injective,
there are different approximative maps, with different domains, which are adapted to
different physical situations or systems. Each map gives rise to a supervenience relation
(cf. Section (B)), which shows that supervenience allows for novelty of reference: since
the supervenience map is not determined from the theory alone. Thus the question about
novel reference is a question about the range of the emergence map. Of course, the more
tools (in terms of mereological fusion, composition, etc.) are available in the bottom the-

ory, T̂b, the higher the chance that one can construct objects within the bottom theory
that resemble those of the top theory, T̂t.

(B) The System of Levels. The above case, of emergence of one theory from another,
can be generalised to emergence relations between several theories. Given a bottom theory
Tb, there is not just one approximation that one can make, but rather, there are several:
either directly on Tb, or on its successors. So, we can have several maps, denoted as
Approxα, which can be applied to the bottom theory, Tb, where α is an index that labels
the different maps. For example, consider the Bronstein cube of fundamental constants,
with axes (x, y, z) = (1/c, ~, G). Moving along any of the axes gives a different and inde-
pendent approximation, i.e. a different value of α. Starting at the quantum field theory
corner (1, 1, 0), we can either make an approximation to special relativity, viz. (1, 0, 0),
or to quantum mechanics, viz. (0, 1, 0). This procedure thus gives us a set of theories,
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Figure 2: (a: left) The tree-like structure resulting from the approximation, interpreta-
tion, and emergence maps, {Approxαβ}, {iαβ}, and {eαβ}, respectively. (b: right) Emergence

relations between the interpreted theories, T̂αβ := (Tαβ , D
α
β ,W

α
β , i

α
β).

{Tα}, obtained by applying the corresponding approximation map to the basic theory,
i.e. Tα := Approxα(Tb). These theories are all “along different directions”, because each
approximation is physically distinct. So, the set of approximating theories, {Tα}, forms a
“horizontal array”, with all branches growing out of Tb. But further approximations can
of course be applied to each of the resulting theories, {Tα}, so that we obtain a second
‘horizontal level’ of approximated theories, each of them related to Tb vertically through a
sequence of approximations. Accordingly, we introduce a new label, β, to denote this ver-
tical arrangement: with β = 1 being the first level above the basic theory, and β = 2 the
second level just constructed. There is in principle no limit to how high one can go in the
vertical direction, through successive approximations. We thus denote the theories as Tαβ ,
and denote their corresponding approximation maps (i.e. of which Tαβ is the codomain)
as Approxαβ . Each theory, Tαβ , of course has its own interpretation map, iαβ . Taking one
of the possible inverse maps of the interpretation maps, emergence maps {eαβ} can also
be defined, generalising Eq. (2). We can also conventionally take the basic theory to be
the zeroth order level, i.e. define: T 0

0 := Tb, D0
0 := Db, i00 := ib. The resulting tree-like

structure is depicted in Figure 2 (left). This figure generalises Figure 1 to the case where
more than one approximation is present (and, as I mentioned in the introduction, I am
not committed to Tb’s being an absolute bottom level).

The (green-coloured) domains, {Dα
β}, in Figure 2, are the domains in the world: with

the (orange-coloured) relations between them being their emergence maps, {eαβ}. And we
get a second tree, which is the “skeleton” of the first, by considering the relations between
the interpreted theories, T̂αβ := (Tαβ , D

α
β ,W

α
β ; iαβ). It is depicted in Figure 2 (right). The
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emergence relations, Êα
β := (Approxαβ , e

α
β), in this Figure, are thus pairs of reduction

maps, Approxαβ (i.e. approximations), and novel-reference maps (i.e. the emergence maps
eαβ , Eq. (2)).

Clearly, the emergence relations in the tree skeleton of the right Figure 2 introduce a
partial ordering, which is only total when there is a single branch, i.e. when α = 1. For
fixed α, i.e. for a single upward path in the tree of Figure 2, each β gives us a new level,
i.e. a domain Dα

β within a possible world Wα
β , and levels Dα

β and Dα
β+γ, for some γ ∈ N,

are related by the maps eαβ+1, . . . , e
α
β+γ+1. On the other hand, levels with different values

of α belong to different branches, and are not ordered.

3 Philosophical Relations in the Framework

In this Section, I discuss in more detail the nature of relations which I introduced in the
previous Section, through the maps Approx, i, and e, namely: (A) reduction (as deduc-
tion), and (B) supervenience.

(A) Reduction, as deduction. The approximation map, Approx : Tb → Tt, is
best construed as a case of, essentially, deduction of the bare top theory, Tt, from the
bare basic theory, Tb. But this deduction almost always requires additional definitions
or bridge-principles linking the two theories’ vocabularies, i.e. the set of mathematical
rules and bits of ordinary language used to express propositions within a theory, as well
as its rules of inference (see endnote 6). Note that, in theories and physics, and for the
relevant approximation maps discussed in De Haro (2017: §2.2.1), reduction of one the-
ory to another is almost always partial, i.e. incomplete: but it also involves “specificity
of behaviour” (cf. De Haro (2017a: §3.2.2)). In other words, approximation is not pure
deduction. I shall dub the case-specific bridge-principles, and choices made in this kind of
reduction, which are additional to pure deduction, the ‘case-specificity (of the reduction)’,
or the ‘case-specific choices’.

Since Tt follows from Tb by reduction, i.e. by deduction plus case-specific choices, the
top theory follows from the bottom theory out of logical necessity (once the case-specific
choices are made). This logical necessity will be also be a case of nomological necessity,
once the theories are interpreted.

(B) Supervenience. I make two comments on supervenience: the first is about re-
duction, and the second about interpretation:

(1) As noted by Butterfield (2011: §5.2, §5.2.1, §5.2.2), supervenience is independent
of emergence (as is reduction). This is vindicated by my framework for approximative
emergence, where in general there is no supervenience of the domains, Dt and Db, from
the theories, Tt and Tb, as well as among each other. The reason is elementary: the vast
majority of the interpretations depend on contextual matters which are not stipulated
by the theory. And so, we have differences of interpretation (differences in the domain)
without a corresponding difference in theory.

(2) Some interpretations, in particular the internal interpretations (cf. the injectivity
assumption: cf. endnote 15), may indeed have the supervenience property.
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The presence of novel reference in the top domain, Dt, relative to the bottom domain,
Db, also shows how Kim’s ‘exclusion principle’,17 running against the idea of ‘levels’, loses
its force. Even in cases in which there is supervenience, there is here no talk of causation:
for, as we will see in Section 4 (B), supervenience can here lead to partial grounding at
most, because of the ontological novelty.18

4 Fundamentality and the Picture of the World

In this Section, (A) I first discuss the notion of relative fundamentality of levels. (B) Then
I discuss cases in which the levels can be related by supervenience, and one can speak of
partial grounding. (C) I discuss the extent to which developing a theory of fundamentality
and emergence, thus construed, is a metaphysical project.

(A) Fundamentality and Relative Fundamentality. What is fundamentality?
There are at least two senses in which the framework of Figure 2 suggests we should think
about fundamentality. The first is concerned with how well, i.e. with how accurately, the
various theories Tαβ describe the world. In this sense, the basic theory, Tb, is taken to
be the most fundamental theory: because it is (usually! though not always: cf. De Haro
(2018)) more empirically adequate, and because the other theories are formally derived
from it. By empirically adequate, I here mean that the theory gives a better quantitative
description of given phenomena (more decimal places!) and-or other phenomena, maybe
in a unified way, cf. Friedman (1974). There is of course no guarantee of a bottom to the
series of theories: the series might as well just continue forever.

But there is a second sense of fundamentality that is at least as interesting, and
more relevant for our purposes. Metaphysicians have in recent years been addressing the
question of grounding (cf. endnote 4): a theory is more fundamental than another if it
grounds the less fundamental theory, with grounding understood as a general relation of
metaphysical priority. Since I have claimed that approximative emergence, laid out and
analysed in Figure 2, is ontological, there is a natural question of whether the framework
has anything to contribute to the idea of ‘fundamentality as ontological priority’, and
whether it has anything to contribute to the discussion of ‘fundamentality as grounding’.

An aspect of Figure 2 that stands out is the presence of a multiplicity of ontological lev-
els, which are not linearly ordered. The ontological novelty that I have stipulated obtains
at each new domain, Dα

β , stands in the way of the usual construal of fundamentality—
viz. the neatly nested ontological chain, where successive levels of reality supervene on
one another. Indeed, the idea of ontological novelty rather supports the idea of relative
fundamentality (cf. endnote 2). Thus, due to the fact that we have ontological novelty,
we have a plurality of metaphysical centres, rather than a single metaphysical centre.

(B) Supervenience and Partial Grounding. We have seen, in Section 3, that
there is reduction between the bare theories. This reduction is formal, but it is natural
to ask whether it brings in any ontological dependence between the different levels. And
the answer to this question depends on the kind of interpretation one is considering. We
already saw, in Section 3 (B), that internal interpretations indeed admit supervenience.
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For interpretations ib that are injective, we therefore have, in Figure 1, relations of: (1)
logical necessity along the approximation map, Approx; (2) supervenience along the di-
rections of the two interpretations, ib and it. Consequently, the map e in Eq. (2) is a
case of supervenience. And so, in this special case, Dt supervenes on Db. In fact, since
there is supervenience on both sides of the diagram Figure 1, it is also true that Ê is
itself a supervenience relation, and thus that the interpreted top theory, T̂t, supervenes on
the interpreted bottom theory, T̂b. So, we have emergence with supervenience. I propose
that this kind of supervenience in the emergence map, Ê, stemming from the internal
interpretation of the theory, combined with the ontological novelty that the emergence
map also describes, can be seen as a special case of partial grounding.19

There is grounding because there is supervenience. But the grounding is only partial,
because the supervenience mapping itself is not determined by the basic theory (given a
theory, there are many possible supervenience mappings), and there is novelty of refer-
ence.20 And so, in cases of emergence, supervenience does not lead to total grounding.21

On the other hand, for non-injective interpretations, the interpretation maps are nei-
ther invertible nor do they instantiate supervenience. Thus one is not justified in expecting
that Db and Dt are related by nomological necessity. And so, the sense of novelty in emer-
gence is generally stronger, and fundamentality is more relative, because there is more
autonomy. Thus emergence of this type does not seem to afford, or to support, grounding.

(C) A Metaphysical Project? Perhaps the most important question is about the
picture of the world that emergence offers: To what extent are the domains, or worlds,
which are postulated by the analysis of emergence, entities in a metaphysically significant
way, rather than just devices that we use our theories to represent? To what extent are
they just representations produced by our theories, rather than “the world in itself”?

To this, I answer that the worlds that I have been describing are not to be (naively,
and wrongly!) identified with the world as it is in itself—whatever that might be taken to
mean. (This is true, even if one is a scientific realist.) But still I claim that the possible
worlds in the framework should be regarded as ontological: namely, they are the worlds
that are described by our theories, when interpreted almost literally (but not “on face
value”!): as internal interpretations do.

This relates to two conceptions of metaphysics. For it is indeed an outright metaphys-
ical project: more Aristotelian than Quinean. Schaffer (2009: p. 352) puts the distinction
as follows: ‘While Quine is interested in existence questions (such as whether there are
numbers), Aristotle seems to take a permissive disinterest in such questions.’ ‘[T]he philo-
sophical question [for Aristotle] is not whether such things exist but how they do.’22

I have defended the thesis that ontological emergence invites us to regard the question
of ‘What is fundamentality?’ as a theory-based question about ontological fundamental-
ity (through a combination of reduction and reference), but of a fundamentality that is
only relative to a given ontological level (because of the novelty involved in emergence).
Furthermore, the framework gives us a rigorous, physics-based, treatment of these levels.

Could one also bring the tree in Figure 2 to bear on the question of ‘what is real?’
(i.e. Quine’s project of enquiry into existence). If one did this, the picture would seem
to be that of a world that is structurally accessed, described, modelled, or constituted:
according to a partial ordering of levels. I leave this as a question for another day.
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Notes
1Schaffer (2003) has taken a very sensible position, arguing that the historical evidence does not push

one in one direction more than the other, and that (lacking a crystal ball) the question can ultimately
only be answered on empirical grounds. I endorse the historical part of his thesis, but I am sceptical
that the question whether the sequence of scientific theories is finite or infinite can ever be definitively
answered. For an enlightening discussion, see Bohm (1957: p. 95).

2On relative fundamentality, see e.g. Schaffer (2009: p. 376) and Wilson (2014). On the notion of
levels, see e.g. Kim (2007) and List (2017).

3For the relevant analysis of duality, see De Haro (2016) and De Haro and Butterfield (2017). On the
relation between duality and emergence, see De Haro (2015) and Dieks et al. (2015). See also the special
issue on dualities edited by Castellani and Rickles (2017).

4See e.g. Schaffer (2003, 2009), Fine (2012), McKenzie (2011), Wilson (2014). For earlier discussions,
not using the word ‘grounding’, but about the related notions of naturalness and sparse universals, see
Sider (1995), ‘Sparseness, Immanence, and Naturalness’, Noûs, 29, pp. 360-377, Lewis (1983, 1986).

5Cf. De Haro (2017a, 2018).
6In my construal of reduction, I just follow Butterfield (2011). The philosopher’s traditional account

of reduction is that of Nagel (1961: pp. 351-363), Hempel (1966: §8), Philosophy of Natural Science,
Schaffner (2012), ‘Ernest Nagel and reduction’, The Journal of Philosophy, 109 (8/9), pp. 534-565.

7I am glossing over unnecessary details here, for simplicity of exposition. For example, I do not make
a distinction between a theory and its models, because we will not need it in this paper. For details, see
De Haro (2016) and De Haro and Butterfield (2017).

8For more details, also about the kinds of maps required, see De Haro (2016: §1.1.2).
9There is obviously a condition of inclusion of the domain in the world. The semi-colon indicates the

fact that T , D, and W are sets, while i is a map.
10The terminology ‘bottom’ vs. ‘top’ is a useful mnemonic of Butterfield’s (2011). But it does not

imply that te bottom theory, Tb, is the “ontological bottom rug”, as we will see.
11This is Norton’s (2011: p. 209) idea of ‘novel reference’, ‘Approximation and Idealization: Why the

Difference Matters’, Philosophy of Science, 79(2), 2012, 207-232.
12More precisely: let the index set I labels the right inverses of ib, so that the map fa (a ∈ I) is a right-

inverse of ib, i.e. ib ◦ fa = idDb
(but in general ib does not have a left-inverse). (Thus, in category theory

jargon: ib is a split epimorphism.) Then a ∈ I also labels ea ∈ E , i.e. E = {ea := it ◦ Approx ◦ fa| a ∈ I}.
Notice that it is possible for the map ea to be the identity map for some a ∈ I, i.e. ea = idDb

(so that
Db = Dt), while other members of E are not the identity map. This is why the (Emergence) criterion,
Eq. (3), demands that none of ea ∈ E can be identity.

13For details about internal interpretations, see De Haro (2016: §1.1.2, 1.3).
14For more on this, see Section 3 (B).
15The internal interpretation is only a necessary, and not a sufficient, condition for injectivity (a

counter-example being that of symmetry-related states, in an internally interpreted theory, mapping to
the same state of affairs in the world). For simplicity of the exposition, I will not explicitly mention this
distinction in the next few Sections. Notice that, if ib is injective, then E in Eq. (3) has a single element,
e, say. The structure then obtained is a poset category, where the objects are the interpreted theories,
and the arrows are the maps between them (and Approx does not have an inverse in the category, unless

it is the identity map). In the notation introduced in (B), the objects are {T̂αβ }, and the arrows are {Êα
β }.

16See also Section 3 (A) on the notion of case-specificity.
17Kim (2007: pp. 19-21) calls his own argument, about causation, the ‘exclusion argument’. I join List

(2017: §4.2) in giving it the honorific name of ‘exclusion principle’: for there is no danger of historical
confusion.

18For another critique of the exclusion principle, see List (2017: §4.2).
19Cf. Fine (2012: p. 50).
20The notion of relative fundamentality, suggested by the analysis of emergence in Figure 2, is just a

special case of partial grounding, as explained. It is not an explication of the general notion of grounding—
whether this can be done, independently of specific instances of grounding, is somewhat controversial:
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see e.g. Wilson (2014), and McKenzie (2011).
21Grounding is sometimes explicated in terms of explanation. I join List (2017) in thinking that the

notion of levels described here can do different kinds of work, including explanation (indeed, List discusses
three kinds of levels, and their relations: ontological, descriptive, and explanatory). Thus the framework
of approximative emergence concurs with the idea of grounding as explanatory.

22Corkum (2008: p. 76).
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