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Abstract

It is plausible that the models of scientific theories correspond to possibilities. But
how do we know which models of which scientific theories so correspond? This
paper provides a novel proposal for guiding belief about possibilities via scientific
theories. The proposal draws on the notion of an effective theory: a theory that
applies very well to a particular, restricted domain. We argue that it is the models of
effective theories that we should believe correspond, at least in part, to possibilities.
It is thus effective theories that should guide modal reasoning in science.

1 Introduction

The question of what is possible and what is not is at the heart of all philosophy
and has been approached in various ways from different directions. The aim of this
article s to contribute to the empiricist tradition in the philosophy of modality, which
attempts to discover genuine possibilities in our scientific theories—and not in a
faculty of a priori conceivability (see, e.g., Berenstain & Ladyman, 2012; Ruyant,
2019; Wilson, 2020). Following this approach, and looking at a scientific theory,
it is very natural to suppose that its models, here regarded as solutions to its equa-
tions, correspond to possibilities with, if the theory is to be empirically adequate, at
least one model corresponding to what is actual. Van Fraassen articulates this idea
clearly, when he writes that:

To believe a theory is to believe that one of its models correctly represents
the world. You can think of the models as representing the possible worlds
allowed by the theory; one of these possible worlds is meant to be the real one.
To believe the theory is to believe that exactly one of its models correctly rep-
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resents the world (not just to some extent, but in all respects). (van Fraassen,
1980, p. 47)

Physical possibility, or scientific possibility (for present purposes, we take the
two expressions to be synonymous) is, we assume, a mind-independent, objective
modality.! Van Fraassen’s approach gives rise to an important question: if physical
possibilities are to be found in theories’ models, exactly which models of which the-
ories should we believe correspond to genuine possibilities? For one sense of ‘pos-
sibility’ the answer appears straightforward. If possibility means logical possibility,
then presumably a model need only be consistent for it to correspond to a genuine
possibility. We should thus believe that all consistent models of all theories corre-
spond to logical possibilities, where ‘correspond’ here is understood as in the quote
above: as the representation of worlds by models.

For a more restricted notion of physical possibility, however, the answer is less
obvious. Metaphysically speaking, the physical possibilities are those situations that
are consistent with the actual laws of nature (Earman, 1986, p. 13; Maudlin, 2007, p.
18).2 Tt is thus tempting to think that all theories that accurately capture the laws
have models that correspond to physical possibilities (exactly what it means for a
theory to accurately capture the laws is an issue to which we return below). As we
will argue here, however, this way of specifying physical possibilities via the actual
laws of nature faces serious problems. We thus suggest an alternative approach
based on the notion of an effective theory, which aims to capture effective laws: gen-
eral principles that apply only to a specific domain. We use those terms as generali-
sations of the way they are used in the context of effective field theories where ‘spe-
cific domains’ are identified to energy scales.” It is effective theories whose models
we should believe correspond to physical possibilities.*

The paper is structured as follows. We begin, in Sect. 2, by identifying four
desiderata that shape the search for a belief-guiding principle of the right type. We
then show why simple law-based approaches won’t do, since they don’t satisfy the

! One might interpret the expression ‘physical possibility’ in a different sense, as referring to possibili-
ties specific to physics (as opposed to those found in other sciences). However, that is not the intended
usage of the term in this work. Here the physical possibilities are the ones associated to the physical (i.e.,
natural) world.

2 For present purposes, we will simply assume realism about the laws of nature. However, while laws
play a role in our account, we won’t assume any particular theory of laws. We don’t think realism is
essential to our position, but this is not an issue we will pursue here. We also assume a kind of minimal
realism about physical modality compatible with a variety of radically different approaches (such as, e.g.,
Cartwright, 1983; Berenstain & Ladyman, 2012).

3 Although we borrow the term from the context of effective field theories, our purpose is tangential to
the recent discussions of the relation between effective field theories and scientific realism (Williams,
2019; Rivat, 2021). We use the label ‘effective’ to refer to the fact that all empirically confirmed sci-
entific theories are effective in a broader sense—i.e., one which does not reduce the notion of validity
domain of theories to the notion of energy scale.

4 To contextualise our work: we regard our project here are being complementary to e.g. the discussion
of ‘situated possibilities’ by Ruyant (2021). The central innovation which our own work brings to the
table is the notions of an effective theory and of an effective law—notions which have not so far been put
to work in the literature on science and modality.
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desiderata. In Sect. 3 we outline our own principle based on effective theories. In
Sect. 4 we address some potential difficulties with our approach. In Sect. 5 we wrap

up.

2 Four Desiderata

Our goal is to identify a principle for guiding belief. In particular, a principle that
tells us which models of which theories we should believe correspond to genuine
possibilities. Why do we need such a principle? The short answer is that modal rea-
soning is deeply important to science. Consider physics. As Wilson puts it:

It is a truism that physics involves reasoning about alternative physical pos-
sibilities. To explain and predict actual observations, we construct models of
the phenomena which represent alternative physically possible histories; per-
haps we also assign a probability distribution over these histories. This essen-
tially modal character of physics has been emphasized by authors as varied as
Sellars, Suppes, Cartwright, Ladyman and Ross, and Maudlin. (Wilson, 2021,
p- 1113)

Here are a couple of examples. First, symmetry explanations. Some explanations
appeal to the fact that certain features of a physical system are invariant under some
salient transformation. For some, the fundamental quantities of physics just are
those that remain invariant under changes, whereas non-fundamental quantities are
variant (see e.g. Saunders, 2003).> This notion of fundamentality forges a tight con-
nection between physical and modal notions since an invariant quantity is one that
is necessary in the sense that it appears in all the possible worlds related by the
transformation. This makes it quite important to ensure that we are working with the
right possibilities when providing such explanations.

Second example: statistical mechanics. According to the popular ‘Boltzmann-
ian’ approach, one can characterise entropy as follows: the (Boltzmann) entropy of
a macrostate is a measure of the number of possible microstates with which it is
compatible. This Boltzmannian notion of entropy clearly makes use of a notion of
possibility, one that it seems natural to call physical possibility. Indeed, the alterna-
tive ‘Gibbsian’ approach to statistical mechanics countenances ensembles of physi-
cal systems that evolve in a probabilistic way, and thus would also appear to trade in
notions of physical possibility. Again, we need to ensure that we attend to the right
physical possibilities when reasoning in this area, and for that some epistemic guide
to possibility is needed.

These examples draw from physics, but of course examples can also be found
elsewhere. Take, for instance, Sober (1983)’s equilibrium explanations, which
appeal to the instability of certain possibilities to explain actual facts. Sober’s
classic example is the explanation of the 1:1 sex ratio in most animals, which
relies on the fact that all other possible ratios are unstable and tend toward 1:1

5 Think also of Noether’s theorems: conserved quantities are associated with symmetries of an action.
See Read and Teh (2022) for recent work on the philosophy and physics of Noether’s theorems.
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given enough time. Indeed, on what is perhaps the most prominent account of
explanation, all scientific explanations outside of physics rely on counterfactu-
als (see e.g. Woodward 2003). That being so, we should assume that possibilities
play a large role in science across the board and so, again, there is pressure to
identify a reliable method for guiding belief about physical possibility so that we
can ensure the explanations provided are good explanations.

As we see it, a viable principle for guiding belief about possibility should tell
us which situations we should believe are genuine possibilities, and should more-
over satisfy the following four desiderata:

D1 Provide a basis for reliable modal reasoning.

D2 Provide a guide to possibility now, rather than at some putative ‘end’ of science.
D3 Allow some superseded theories to guide beliefs about possibility.

D4 Be generalisable across science.

For a principle to satisfy D1, any situations the principle tells us to believe are
genuine possibilities should in fact be genuine possibilities. That is, the principle
should not just guide belief but it should do so accurately. For a principle to sat-
isfy D2, it must be applicable now, to our current scientific theories. It should not,
for instance, recommend agnosticism about what the possibilities are in lieu of a
final theory of everything.

Next, D3. By a superseded theory we mean any theory that scientists consider to
have been replaced by a better theory. One example is Newtonian gravitation. This
theory has been superseded by general relativity. It is thus tempting to think that
the models of Newtonian gravitation don’t correspond to genuine possibilities. That,
however, looks like a mistake. Consider, for instance, the solar system: this system
is modelled well by Newtonian gravity, and indeed different models of Newtonian
gravity can provide possible ways for regions of the world like this (i.e., other stellar
systems, of which there are of course many!) to be. Given this, we want an epistemic
principle that is flexible enough to allow for Newtonian gravitation to guide belief
about possibility in some, but by no means all, situations.

Finally, D4. When we talk of physical possibility we don’t simply have in
mind physics possibilities, though that is a large portion of the types of possibili-
ties at issue. Rather, by physical possibility we mean to include possibilities for
the physical world in general, so long as these are ratified by science. We think
it would be odd indeed to have one method for guiding belief about possibility
in one area of science, and a different method for another area of science. This
would make our epistemic access to possibilities through science unattractively
dis-unified. That being said, we grant that this might be forced on us, if different
areas of science somehow call for different epistemic access to modality. But we
think it is reasonable to assume unification as the default position, and try to fit a
principle on this basis.

With these four desiderata in hand, we turn now to a simple law-based princi-
ple for guiding belief about possibility. Here’s the principle:
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For any theory that accurately captures the laws, every model of that theory
corresponds to a physically possible world.

On the face of it, this principle satisfies our first desideratum beautifully. For
what it invites us to do is believe in the possibilities rendered by theories that
accurately capture the laws. Any such theory, one might think, is bound to have
models that correspond to genuine possibilities, given that those possibilities just
are circumscribed by the very laws captured by the theory.

Unfortunately, the principle fails to satisfy D2 because it is doubtful that any of
our past or present scientific theories manage to accurately capture the actual laws
of nature. First: what is it for a theory to capture the actual laws? A law of nature,
presumably, is an exceptionless, non-accidental regularity that applies universally.
A theory can be regarded as a class of models.® This class of models can generally
be described using a set of equations or general principles. A theory accurately cap-
tures the actual laws of nature when the sets of equations or general principles corre-
spond to the actual laws. In other words, the actual laws, when written down, just are
the equations or general principles of a given theory that defines a class of models.

Now, while many of our theories imply universal claims that are candidates to
be laws, none of them imply such claims that are true. The generalisations that we
find in even our best theories neither hold universally nor lack exceptions.” Indeed, it
seems plausible that it is only at the end of science that our theories will accurately
capture the laws. That being so, the law-based principle stated can only guide belief
when science is done.

This, one might argue, is easily fixed. For while our current theories are not fully
accurate, insofar as they don’t capture the actual laws, they approximate the actual
laws to a high degree.® We can capture this thought by weakening the above princi-
ple as follows:

For any theory that approximately captures the laws to a high degree, every
model of that theory corresponds to a physically possible world.

The approximation principle arguably satisfies D2 (assuming we can establish that
our current theories approximate the laws to a high degree). It also seems to satisfy

% Here, we sidestep the debate between semantic versus syntactic formulations of physical theories. In
light of the work of Lutz (2017), it is not obvious that this is a substantive debate in any case.

7 We are not the first to point out that our scientific theories fall short of accurately capturing the actual
laws of nature, whatever they may be. Both Cartwright (1999) and Lange (2012) offer similar examples.
In both cases, they point to apparently universal claims, and show that they have exceptions. Cartwright,
for instance, focuses on Newton’s law of gravitation, and shows that it applies only under certain cet-
eris paribus conditions (e.g., at relatively low speeds, or in the absence of electromagnetic interference).
Lange, by contrast, considers general principles of thermal expansion found in thermodynamics, and
shows that these principles apply at least conditionally. For instance, general principles of thermal expan-
sion apply to metal rods only in the absence of external factors influencing the system, such as mechani-
cal impact on the rod (e.g., someone hammering the rod into place).

8 Note that the approximation here doesn’t involve any domain restriction. The idea is that our theories
capture the entirety of physical possibilities, approximately. Our proposal later on uses approximation,
but under domain restriction: we focus on laws that hold approximately for a restricted domain, rather
than an entire physical possibility.
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D1. On the assumption that our theories closely approximate the truth, our beliefs
about possibilities based on those theories will be good approximations to the truth
as well. However, the principle seems to fail D3. The reason for this is that there
appear to be superseded theories that do not even approximately capture the laws,
and yet are good guides to possibility.

Take, for instance, Newtonian gravitation. This theory works under specific cir-
cumstances which don’t correspond to the majority of gravitational situations that
are, for instance, covered by relativity. Newtonian mechanics is also not a quantum
mechanical theory. This means that a vast number of quantum gravitational situa-
tions lie outside the domain of the theory. For a theory to approximately capture the
laws, in this case the laws of gravitation, it should apply well to most gravitational
situations. Accordingly if what we are looking for is a theory that approximately
captures the actual universal laws to a high degree, then Newtonian gravitation is not
a viable candidate. Nonetheless, and as already noted, Newtonian gravitation is still
used for a variety of purposes, precisely because it seems to give us good informa-
tion about physical possibilities.

Is there a version of the law-based approach that does better? We doubt it. The
trouble is that such principles generally set the bar too high. For such principles,
belief about possibility is guided by the most general laws and principles. But this
will always pull against cases in which superseded theories seem to accurately guide
modal beliefs, since those theories are generally superseded on the grounds that they
fail to be fully general, or to even be close. Such principles, simply put, start in the
wrong place. Rather than starting from the most general laws, we should focus more
on the success of theories in specific situations, using that as a guide to belief about
possibility instead and then generalise if we can. It is to a principle along these lines
that we now turn.

3 Effective Theories

Our suggestion is to focus on effective laws. An effective law is not a universal,
exceptionless regularity. Rather, an effective law is a regularity that (i) holds for a
specific domain D and (ii) breaks down for a specified domain D* # D.” Domains
are specified in terms of the conditions that hold within them. For instance, a region
in which the gravitational field is very weak, and everything is moving at low speeds
relative to the speed of light, corresponds to a particular domain. Similarly, a par-
ticular energy scale corresponds to a domain, such as the extremely high energies at
which general relativity is thought to break down, or the comparatively low energies
at which general relativity applies.

Effective laws are grounded in universal laws. Which is to say that the univer-
sal laws plus the conditions which specify a given domain ground the truth of the

° Note that from this it follows that no final theory can supply effective laws, assuming that final theories
are unconstrained in application domain-wise. If one wishes to include final theories as the limit case of
effective theories, one could lift the second condition, but that would make it harder to characterise an
effective law.
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effective law for that domain. An effective theory is a theory that captures the effec-
tive laws for a domain either exactly or to a high degree of approximation. Our pro-
posal, then, is to focus on effective theories.

Because effective theories apply only to a specific domain, we cannot have a total-
ising principle like that considered in the previous section. That is, a principle that
provides a link between models and entire worlds. Instead, we need a way to link the
models to possibilities in a more specific sense. Here we draw on similar recommen-
dations made by a number of philosophers to focus on parts of worlds, instead of
entire worlds (Kripke, 1981; Ladyman and Ross, 2007; Lange, 2016; Ruyant, 2019).

Effective laws thus correspond to only a part of the world, and thus not to the
world as a whole and so the models of effective theories approximate parts of genu-
ine physical possibilities. With this in mind, we offer the following principle:

For any model M of an effective theory 7, M approximates a part of a physi-
cally possible world.

We have strong evidence that some of our current theories capture actual effective
laws. Take, for instance, general relativity. The principles of gravitation from general
relativity don’t hold universally, for all domains. However, we have good evidence
that they hold universally for a particular domain, namely certain energy scales. The
same point applies for the Standard Model of particle physics, for Newtonian gravi-
tation, or indeed for essentially any other extant empirically successful theory of
physics.

Given that we have strong empirical support for effective theories, it is reason-
able to believe that they capture effective laws either exactly or to a high degree of
approximation. Therefore, it seems we can rely on such theories in our modal rea-
soning, at least insofar as we are reasoning modally about the domain of applicabil-
ity for each theory, and thus what we are doing is drawing inferences about parts of
worlds (as per our principle). For that reason, our principle satisfies D1. D2 is also
satisfied: the whole point of effective theories is that we have them now, not at the
end of science. Thus we can use them to draw reliable modal inferences without
having to wait until the discovery of some putative final theory.

The great power of our principle, however, lies with its capacity to satisfy D3.
Take the case of Newtonian gravitation again. Even though this theory might not
provide a very good picture of the actual universal laws, as already mentioned it
does provide an accurate picture of effective laws for a specific domain. In particu-
lar, for domains in which the gravitational field is weak and velocities are low, New-
tonian gravitation is highly accurate, and very well-supported empirically. Moreo-
ver, we can be confident that new data won’t overturn this fact, and so we can be
confident that Newtonian gravitation is accurately capturing effective laws. It is for
this reason that its models correspond to physical possibilities, albeit approximately
and only in the sense of corresponding to parts of possible worlds.

Now, we recognise that there is perhaps a bit more to say here. We are claiming
that the empirical resilience of an effective theory is a sufficient basis upon which to
conclude that the effective laws will continue to hold within a domain. One might
object, however, that empirical resilience is not enough. We also need some kind of
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robustness condition that provides a safeguard against defeaters for effective laws in
a domain. We will return to this issue later on, in Sect. 4.1.

This brings us to D4. To satisfy D4, our principle must be generalisable across
science. On the face of it, it generalises beautifully. Take biology, for instance. It is
plausible that there are effective laws of biology: laws that apply to certain domains
(such as for all biological organisms) that are ultimately grounded in the universal
laws at some level. As such, our principle applies equally well to biological theories,
or indeed to any effective theories in any domain, as to theories from physics. For
extremely well-confirmed theories of any domain where we can be confident that
new data won’t undermine the theory, we can be relatively certain that the models
of the theory approximate parts of physical possibilities. For theories that are less
well-confirmed, we can be less confident of the modal inferences drawn from those
theories. But that is as it should be: it seems right for theories that enjoy less eviden-
tial support to be less of a guide to what is possible.

Because effective theories can be highly specific, we find it hard to see that many
theories will be left out of the picture, regardless of which particular area of science
they might come from. For keep in mind that effective theories must be very well-
confirmed for their domain. Indeed, the level of confirmation is quite demanding:
we must be fairly confident that no new data will require significant revisions to
the theory. Any theory like that, no matter how specific, will count as an effective
theory.

Thus, the only theories that our principle won’t capture will be theories that are
not well-confirmed empirically. But we don’t see that as a problem. For, again, we
really should be careful about drawing inferences from such theories (modal or oth-
erwise), and so it seems reasonable to be sceptical that the models of these theories
correspond to physical possibilities.

We are claiming that strong accord with empirical data is good evidence that a
theory is an effective theory: one that approximates, to a high degree, the effective
laws for a particular domain. Given this, why not just say that strong accord with
empirical data is good evidence that a theory accurately captures the actual univer-
sal laws, not just the actual effective laws? The answer is that in the case of effec-
tive laws, we can be confident that there is very little, if any, extra empirical data to
be gathered that would undermine the accuracy of the theory for a given domain. '
Thus, we have good reason to suppose that the principles articulated by the the-
ory won’t need to be modified much if at all to capture the actual effective laws. In
the case of a theory and the universal laws, however, we have no similar assurance.
There may well be a great deal of empirical data that would require us to change the
general principles articulated by a theory in order to get it to match the actual laws.

Take general relativity again. This theory does not capture fully the actual laws,
as already explained. We know that there are facts about high-energy domains that
will need to be accommodated. We currently have no idea about what those facts
might be or about the scope of the revisions to general relativity which might be
required in order to bring it into line with the actual laws. As a result, we have

10" See Hoefer (2020): “the experiments have all been done already, and current theory is confirmed by
them” (emphasis in original).

@ Springer



Scientific Theory and Possibility

significant uncertainty about how close general relativity is to capturing laws of
gravitation. If, however, we focus just on the low energy domain, we know that most
of the data relevant to general relativity in this domain have been gathered already.
Thus while general relativity might not get the effective laws for this domain exactly
right, we can be comparatively confident that it is quite close. In particular, we can
be confident that no new information about this domain will come in and radically
undermine the theory.!

The shift from correspondence with possible worlds to correspondence with parts
of worlds might seem troubling. Granted, we are able to reduce uncertainty about
whether the parts of worlds at issue are parts of physical possibilities, but we do
so apparently at the cost of our capacity to draw reliable inferences about complete
worlds. We admit as much: our principle provides no way to work out which models
of which theories correspond to complete worlds. But we don’t see this as a problem.
For we rarely if ever use science to draw modal inferences about worlds as a whole.
We are typically interested in possibilities in a narrower sense. That’s because, when
we draw modal inferences from science, we generally draw those inferences with
respect to specific domains. We are therefore confident that our principle is suffi-
cient to guide beliefs about which models of which theories correspond to physical
possibilities, at least insofar as we want those beliefs to be both reliable and useful in
modal reasoning within science.

Problems

So far we have introduced a new principle that aims to determine which models of
which theories correspond to physical possibilities. In this section we consider and
respond to some potential problems.

4.1 Not Every Model

The principle, as stated, is quite general: every model of an effective theory approxi-
mates part of a physically possible world. This, one might argue, is a problem. Even
for effective theories, one might argue, we should allow that some of their models
don’t correspond to any genuine physical possibilities. Here are two examples from
the philosophy of spacetime in particular:

i. Those inclined towards relationalism about spacetime might aver that vacuum
solutions of general relativity do not represent physical possibilities, for there
can be no spacetime in the absence of matter. (Pooley, 2001, for example,
explores this idea.)

ii. One might maintain, g la (Earman, 1995), that solutions of general relativity
which admit of closed timelike curves and which violate certain consistency

" Leading on from the previous footnote: this is a point which has been made with great force by Hoefer
(2020).
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conditions (designed to rule out grandfather-type paradoxes) do not represent
physical possibilities.

These kinds of cases can be handled, to some extent, using the notion of approxi-
mation already built into our principle. As noted, the models of an effective theory
correspond to parts of physical possibilities by approximating them. This means that
there can be some measure of mismatch between the models and the physical possi-
bilities. This mismatch leaves it open that some aspects of a model don’t correspond
to anything in a given physical possibility.

This is, perhaps, what is happening in case (ii), if we follow Earman. Solutions
to general relativity which feature closed timelike curves would only approximate
physical possibilities, since they get the topology wrong. One way in which they
might get the topology wrong is through the inclusion of closed timelike curves.
Nevertheless, such solutions might still approximate physical possibilities to some
degree, for (say) the local physics described in such solutions might still agree with
the local physics in (a region of) a world devoid of closed timelike curves. This is
related to e.g. the content of Proposition 1 of Manchak (2016), which states that any
spacetime is locally observationally indistinguishable from a spacetime which lacks
a global time function. Moreover, recall that on the account we are proposing, it is
only parts of worlds that models of effective theories need to approximate, and so
the case of closed timelike curves can be handled. To be clear: we are not saying
that only parts of models represent parts of worlds. The representation relation is
between the whole model and parts of a world, it is just that the relation need not
be exact, it can be approximate, leaving room for the model to get the physics right
despite including aspects that are not physical (such as closed timelike curves).

Case (i) is perhaps a little harder. Consider again relationalists about general rela-
tivity who maintain that at least some of the models of the theory don’t approxi-
mate even parts of physical possibilities.'? If this can happen, then uncertainty about
the reliability of our modal inferences starts to creep back in. For if there are some
models that don’t approximate any physical possibilities at all, then how confident
should we be that any particular model approximates a physical possibility?

In order to address this issue, we propose the following modification of our prin-
ciple: we should believe that all models of an effective theory approximate physical
possibilities, in the absence of countervailing physical principles for which we have
strong inductive evidence based on past theories.”> The thought, then, is that the
models of an effective theory are innocent until proven guilty: our default position
is to assume that they all approximate physical possibilities.* This default position,

12 One could push back against this, by e.g. arguing that vacuum solutions still represent parts of physi-
cal possibilities—e.g., Minkowski spacetime can still represent parts of solutions to e.g. Maxwell’s equa-
tions. In which case, the worries and responses to follow are moot. Consider also the point made by
Lehmkuhl (2017), that vacuum solutions to general relativity can still represent physical (sub)systems
(e.g., the vacuum Schwarzchild solution can represent the solar system) when interpreted ‘carefully’
rather than ‘literally’.

13 We are grateful to a referee for suggesting this modification.

14 What we propose is in the spirit of (a modal version of) the ‘totalitarian principle’, popularised in
physics by Gell-Mann (1956): “everything not forbidden is compulsory”.
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however, is subject to specific defeaters, though what those defeaters might be is
considered on a case-by-base basis.

Given this modification we can thus allow that some models of an effective the-
ory don’t correspond to even parts of physical possibilities. The idea is that defeaters
‘knock out’ specific models, without impugning the entire set of models associated
with an effective theory. This helps us to handle the case of relationalism, since we
can allow that specific models don’t correspond to parts of physical possibilities.

What if there are always some defeaters? Then we can weaken our principle
slightly by including a second dimension of approximation. We can thus add that
the space of models is itself an approximation to a space of models that captures the
physical possibilities exactly. A weakened principle along these lines can be stated
as follows:

For most models M; of an effective theory 7, each of the M; approximates a
part of a physically possible world.

This weakened principle reduces the reliability of modal inferences drawn on the
basis of science, since it introduces a second source of error. The first source of
error consists in the fact that models now merely approximate parts of physical pos-
sibilities. The new source of error is based on the fact that some models might not
approximate parts of physical possibilities at all. While this second source of error
reduces the reliability of modal inferences drawn using science, it doesn’t under-
mine them completely. For it is still the case that most models of effective theories
approximate parts of physical possibilities, and so our inferences drawn using those
theories are still generally reliable. Moreover, one can still get a handle on the sub-
set of models which (approximately) represent (parts of) physical possibilities, once
one is explicit about the above-mentioned countervailing philosophical principles in
play. That is still enough to capture the importance of modal inference to science.

In this section we have proposed a modification for handling specific defeaters:
reasons that provide a basis for denying that some model or other of an effective
theory corresponds to a physical possibility. We can use a similar modification to
assuage a related concern identified in Sect. 3. There we claimed that empirical
resilience—being supported by data, and unlikely to be overturned by new data—
is sufficient grounds for believing that an effective theory will continue to hold in
a given domain. As discussed, one might worry that this is too weak, since there
could be other defeaters that undermine the effective theory that are not ruled out by
empirical resilience. What we can do is write the above modification into our notion
of an effective theory. An effective theory is one that is empirically resilient and
not subject to specific defeaters stemming from any currently known countervailing
physical principles that have a strong inductive basis in past theory. This helps to
make the notion of an effective theory more robust, since it will ensure that effective
theories are those theories that aren’t somehow undermined by implications from
other theories (rather than by empirical violations in their domain of validity).
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4.2 Domain Validity

Our picture relies on the idea that effective theories are theories that capture effec-
tive laws, which apply to restricted domains. One might worry, however, that the
domain of validity of our theories is something about which we can know only in
retrospect. For instance, it could be argued that we knew the exact domain of valid-
ity of Newtonian gravitation only once we developed relativity. Thus, there could
be unsuspected domain violations lurking for our current theories. If that’s correct,
though, then we might not have a good grip on which of our theories are effective
theories, and perhaps might not really know until the development of a final theory.
The capacity of our account to satisfy D2 starts to look shaky.

In response, we believe it is useful to clarify what we mean by a ‘domain of valid-
ity’. By a domain of validity we just mean the set of circumstances under which a
theory is empirically adequate. We take it that one could know the domain of valid-
ity of Newtonian gravitation in this sense prior to the development of (say) general
relativity: we can simply look at the situations under which Newtonian gravitation is
empirically adequate and read the domain off those situations. There might be other
ways to specify the notion of ‘domain of validity’ but for present purposes we set
these aside.

What this means is that we do not identify effective theories by finding some
domain, and then looking for a theory that is valid in that domain. Rather, an effec-
tive theory is one that works well for a set of circumstances, namely just that set of
circumstances for which it is empirically adequate. In this way, an effective theory’s
domain of validity and its empirical adequacy are packaged together. Thus, we see
no problem in satisfying D2 arising from the notion of a domain of validity. All
we need to do is identify theories that are empirically adequate for a set of circum-
stances, resilient across those circumstances in the sense that we’ve tried to find vio-
lations in those very circumstances and haven’t found any, and that are not subject to
known defeaters stemming from other theories.

Now, one might remain worried. Empirical resilience and protection from defeat-
ers gives an effective theory some degree of robustness, but perhaps it doesn’t
entirely immunize an effective theory from theory change. That is, in cases of theory
change it might be that an effective theory gets overturned.

But we don’t see that this is right. Theory change doesn’t undermine a theory’s
capacity to capture a range of empirical data. What generally happens is that we
move to new theories that capture a broader range of data. Again, we suspect that
any worries here about theory change are related to how we think about the domain
of validity. Suppose we take a domain of validity in the second manner suggested
above, as a set of features we want to capture antecedent of any theory. We then fit
a theory to that domain. If this is what we mean by an effective theory, then theory
change poses a problem: it may be that a new theory will capture that domain better,
and so be a better effective theory, in the sense of a theory that captures this pre-
specified domain very well.

But, as before, that’s not what we mean by a domain of validity. We just mean the
circumstances under which a theory is empirically adequate, where we’ve looked
for violations in those circumstances and haven’t found any, making the theory
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empirically resilient in those circumstances. Theory change doesn’t depose effective
theories specified in this way, because it doesn’t stop a theory from being empiri-
cally adequate in the circumstances within which it is empirically adequate.

Finally, it’s worth noting that our approach doesn’t require that we be absolutely
certain our theories are effective theories. We require only that this belief is justi-
fied. That being so, we will set aside the task of trying to provide an apodictic basis
for believing that an effective theory suffers no as-yet-unknown violations for its
domain of validity. All we need, then, is a strong basis for believing that some theo-
ries are in fact effective theories. For three reasons, we think that such a basis can be
found.

First, the massive empirical success of the theory in a given domain. This gives
us confidence that the theory has captured a wide range of data. Second, the lack of
any detected violations of the theory, where many attempts have been made. This
gives us confidence that there aren’t any hidden violations. That’s simply because
we have looked for such violations and have failed to find them significantly often.
Third, the lack of any countervailing principles inductively supported by past theo-
ries that would indicate violations in the current domain of validity for a theory.
Thus, we can acquire further confidence that a theory is an effective theory by draw-
ing on the robustness condition offered in Sect. 4.1.

Taken together, these three considerations don’t guarantee that there are no hid-
den violations in a domain of validity for a given theory—but, again, we do not
require any such guarantee. We need only sufficient confidence to be able to identify
effective theories, and use them as a guide to possibility.

4.3 Approximation

Our principle uses a notion of approximation. However, we haven’t said much about
what this is. One might object, then, that our principle is intolerably vague.

As we see it, there are at least three ways in which models might ‘correspond’ to
worlds:

1. A model corresponds to a world if it is isomorphic to a complete possible world. ">
A model corresponds to a world if it is isomorphic to a part of a complete possible
world.

3. A model corresponds to a world if it represents either a part of a complete possible
world or a complete possible world to some degree.

Our principle uses the third, weakest notion of correspondence. Thus, when we talk
of approximation we mean representation to some degree. What is it for a model to
represent to a degree? It depends on how models represent.'® This is a difficult issue,
and not one we aim to discuss here for there are many accounts available. The point

15 There are serious questions regarding what it could mean for models to be ‘isomorphic’ to worlds—
see e.g. van Fraassen (2002). We register these as serious and set them aside.

16 See Frigg and Nguyen (2017) for an overview of various approaches.
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is just that whatever one’s account of the representation relation, it is a desideratum
on such accounts that they be able to make sense of more or less accurate represen-
tations. That, however, is all we need for approximation relations between models
and (parts of) worlds.

If approximation is understood in terms of degree of representation, then a fur-
ther question arises: to what degree should we believe that the models of an effective
theory represent and thus approximate physical possibilities? Our answer is that we
should believe that the models of an effective theory approximate physical possi-
bilities to a high degree, in the absence of any countervailing considerations (of the
kind that might lead us to believe that the models of a theory don’t approximate
physical possibilities at all, as discussed above).

What justifies this claim? The claim is justified by the fact that the models at
issue are models of an effective theory, which is highly accurate for a domain (as
defended in Sects. 4.1-4.2). When a theory manages to capture the effective laws
for an actual system, it seems plausible to suppose that its models also do a good job
of capturing possibilities for that system (again, in the absence of reasons to think
otherwise). In short, the actual is a good guide to what is possible. We admit that
this connection between actuality and possibility could be rejected. If one rejects the
connection, however, then it is unclear why we should take any theory to be a guide
to possibility in any sense. Rejecting the connection would thus lead to a version
of modal scepticism about physical possibility. Since we reject scepticism of this
kind, we take it to be a reasonable assumption that the models of effective theories
approximate physical possibilities to a high degree.

4.4 Effective and Ceteris Paribus Laws

Thus far we have employed the notion of effective laws. One might argue, however,
that effective laws are nothing but ceteris paribus laws. The ceteris paribus condi-
tions on laws, however, are notoriously difficult to spell out and, in the end, may
collapse into triviality. There is thus a real risk that our account will inherit these
problems.

Effective laws are different from ceteris paribus laws, however. A ceteris pari-
bus law is generated by taking a universal exceptionless regularity and adding extra
conditions that constrain the application of the law. An effective law, by contrast, is
not a way of modifying an existing universal law with extra conditions. It is a non-
universal law that holds for a specific domain. The effective laws are grounded in
the universal laws, whereas ceteris paribus laws are supposed to be replacements for
universal laws.

Unlike ceteris paribus laws, effective laws are not difficult to spell out. In order
to spell out an effective law, we simply identify a particular domain of application,
and then state a general principle for that domain. Since we can specify domains
of application by identifying properties of physical systems (such as energy scales,
gravitational strength, and so on) there is no problem with stating effective laws.
There is thus no reason to suppose that the problems that plague ceferis paribus laws
will apply to effective laws as well.
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4.5 Grounding of Effective Laws

We have claimed that effective laws are grounded in universal principles. We have
also said that effective laws can be highly specific. One might object, however, that
these two points are in tension. Take the following example. Suppose we come up
with an effective theory about the breeding cycles of finches, which accurately cap-
tures an effective law. It’s implausible, one might argue, to suppose that this effec-
tive law is grounded in a set of universal laws. The universal laws, whatever they
might be, will be far too general, and the effective finch law will be far too specific.
Effective and universal laws would involve too different sorts of things, jeopardising
the possibility of grounding the former in the latter.

We admit that there might be some implausibility to the idea that the finch law
is directly grounded in the universal law alone. But, firstly, effective laws can, and
likely will be, indirectly grounded in universal laws, via legal intermediaries. In par-
ticular, each effective law will be grounded in another effective law that is perhaps
more general, applying to a domain that is broader than but includes the domain
covered by the highly specific effective law. Indeed, as we see it there will be a chain
of effective laws that issue from the most basic, universal laws, whatever they might
be to the most specific effective laws. The models of theories that capture effective
laws at each step of the chain will correspond to physical possibilities, as and when
they are developed.

Secondly, that effective laws are grounded in universal laws doesn’t mean that
universal laws are their sole ground. Rather, effective laws are partially grounded
in the universal laws. Other factors contribute to the grounding of effective laws as
well: the concepts used to articulate the target domain of investigation, and the vari-
ous properties of the effective domain itself. Consider our finches again: effective
laws will only be partially grounded in the universal laws. In addition, they will be
partially grounded in the taxon of finches, and in the specifics of their ecological
niche.

5 Conclusion

In this article, we’ve sought to identify a principle which can guide beliefs about
physical possibility based on scientific theories. We concluded that current offerings
based on laws are too restrictive: they present a rather narrow picture of when the
models of theories correspond to physical possibilities. We thus proposed an alter-
native. On our alternative, it is the models of effective theories that correspond to
physical possibilities by approximating parts of worlds.

This alternative is superior for three reasons. First, it does not require theories
that capture universal laws. It only requires theories that capture effective laws,
which is a less demanding requirement. Second, unlike other options, our princi-
ple allows that the models of theories like Newtonian gravitation and evolution by
natural selection correspond to physical possibilities. Third, our principle can, with

@ Springer



S.Baron etal.

minimal adjustments, accommodate cases in which the models of a theory fail to
correspond to any physical possibility, even in part.

Note that this is a first stab at trying to settle on an appropriate principle to guide
belief about physical possibility, and so work remains to be done. The principle
needs to be tested against a larger range of theories in both physics and science more
generally in order to ensure that it continues to deliver plausible results. We also
need to consider the principle in light of the full range of ways in which physical
possibilities are used in science, to ensure that it can appropriately scaffold scientific
practice. It is plausible that the principle will require further refinement going for-
ward. In this way, what we have said provides a foundation for future work on this
topic.
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