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Abstract: Does time have a direction in and of itself? Using metaphysics guided by science, our
reasons for thinking time might have an intrinsic direction fall into two types, demarcating two
“projects”. We might posit an intrinsic direction a) to explain temporal asymmetries (the explanatory
project) or b) as a precondition for temporally asymmetric fundamental dynamical laws (the
precondition project). A common thought is that no direction of time is required in the explanatory
project, but that we should be agnostic over whether such a direction is required in the precondition
project. I’ll argue that such a position is unstable. The arguments for an intrinsic direction in the
precondition project would, if they worked, apply equally to the explanatory project. Conversely, if
one denies that the explanatory project supports an intrinsic direction of time, one can’t, given
current arguments, accept that an intrinsic direction of time might be supported in the precondition
project. I’ll suggest a shared resolution to both projects: neither temporally asymmetric laws nor
boundary conditions require an intrinsic direction of time. This resolution suggests a further
plausible view: there could never be scientific reason to posit an intrinsic direction of time, even

though such a direction is conceptually coherent.
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1. Introduction

Does time have an zntrinsic direction from the past to the future? That is, does time have a forward
direction in and of itself, regardless of its relation to other things? Much of our talk and thought
seems to presuppose that time has soe kind of direction. We distinguish what Aas happened from
what wz// happen, for example. So, one might think that an intrinsic direction is part of our intuitive
or common-sense picture of time and this gives us reason to posit such a direction. A-theorists
(Zimmerman 2007), for example, take their view to have intuitive support, holding that time is
objectively divided into distinct regions, the past, present and future. The intrinsic direction of time

is the direction in which the present moves and the direction from the past to the future. Some who



deny the A-theory still take time to have an intrinsic direction and posit such a direction because it

seems to match our intuitions (Maudlin 2007: 182; see also Earman 1974).

Alternatively, we might think that we can make some sense of time’s direction, while denying that
time is intrinsically directed. This is to defend the idea that time has a “reduced” direction. I use the
term “reduction” very broadly, to indicate any view that explains real or apparent temporal
asymmetries, in which we take the direction of time to be manifest, without presupposing an intrinsic
direction of time." Reductionists aim to make some sense of a direction of time by explaining why
certain phenomena that we associate with the direction of time, such as causation or records, are
temporally asymmetric—that is, oriented differently towards the past and future. The focus is on
temporally asymmetric phenomena such that a reduced direction of time related to these
phenomena would warrant being called a “direction”—what I will call “manifest temporal

asymmetries”.

Arguably, the possibility of a reduced direction of time means we need to be careful about
arguments from intuition for an intrinsic direction of time—it is not obvious that our intuitions
would distinguish a reduced from an intrinsic direction. I'm also generally skeptical that intuitions
should be a guide to relatively fundamental metaphysics. Moreover, even if one accepts a role for
intuition, most think fit with intuition would need to be balanced against other criteria, including fit
with science (Maudlin 2007, Ch. 6). Those that think intuition has a role to play in metaphysics can

read the arguments of this chapter as partial: concerned merely with science-based reasons.

Putting intuitions to one side, there are two kinds of broadly scientific reasons given for thinking
time has an intrinsic direction. First, we might think that an intrinsic direction of time is required to
explain manifest temporal asymmetries. For example, one might argue that there is a temporal

asymmetry in what we can control and that an intrinsic direction of time is required to explain this

! “Reduction” is sometimes used narrowly (Price 1996, 2002, 2011; Maudlin 2007) to indicate views in which some
phenomenon’s orientation or arrangement either constitutes the direction of time, is what we really mean or ought to
mean by “the direction of time” or explains the #uzh, use ot apparent success of our talk about the direction of time. But
many who are labelled reductionists make no specific proposals about what the direction of time reduces to (Horwich
1987; Albert 2000, 2015; Loewer 2012; Callender 2017; Rovelli 2018) and some (Horwich: 49—51; Price 1996, 2002,
2011; Callender 2017: Ch. 13) have principled reasons for rejecting reduction in the narrow sense.



asymmetry. Take the “explanatory project” to be concerned with whether an intrinsic direction of

time is needed to explain manifest temporal asymmetries.

Second, we might think that an intrinsic direction of time is required as a precondition for ot is
otherwise indicated by dynamical laws of fundamental physics that are distinctly temporally
asymmetric in their scientific formulation. Dynamical laws that are temporally asymmetric in their
scientific formulation are known as time-reversal asymmetric laws as distinct from “time-reversal
symmetric’ or “time-reversal znvariant’ laws. Time-reversal asymmetric laws seem to distinguish
between two directions of time. The predictions they make, for example, seem to depend not just on
the arrangement of objects and properties in spacetime, but on which direction time is “pointing’”.
Time-reversal invariant laws, by contrast, take the same for in either direction and have no
preferred orientation. If the fundamental laws of a world are all time-reversal invariant, the time-
reversed sequence of a lawful evolution is also in accord with the fundamental laws. Metaphorically,
if one were to play a movie of the world in reverse, its behaviour would still be in accord with the
laws. Exactly how to formulate time-reversal symmetry is controversial (Albert 2000: 5—21;
Arntzenius 2004; Malament 2004; North 2008, 2011; Arntzenius and Greaves 2009; Callender 2021).
But the following laws are typically taken to be time-reversal invariant: the laws of Newtonian
mechanics, General Relativity and the law of the evolution of the wavefunction described by the
Schrodinger equation. There is some evidence that our fundamental dynamical laws are time-reversal
asymmetric, coming from asymmetries in decay rates (Section 3). The “precondition project” concerns
whether time-reversal asymmetric laws would indicate an intrinsic direction of time 7z a way that tine-
reversal invariant laws wonld not. That is, the project is concerned with whether distinctly temporally
asymmetric fundamental dynamical laws indicate an intrinsic direction of time. The idea is not that a
direction of time might explain or reduce to a direction in the laws, or vice versa, but that a direction

in the laws zndicates an independent intrinsic direction in time.

The explanatory and precondition projects are distinct in the sense that taking up any position in the
explanatory project is compatible with taking up any other position in the precondition project and
vice versa (Section 4). Moreover, those arguing that no intrinsic direction of time is required in the
explanatory project have taken up various positions in the precondition project. Nevertheless, I'll
argue that there is an important link between these projects. The arguments used in the precondition

project, if they worked, would also support an intrinsic direction of time in the explanatory project.



For this reason, certain positions are unstable. Given current arguments, one can’t commit to an
intrinsic direction of time in the precondition project while rejecting one in the explanatory project
(Horwich 1987; North 2008, 2021). Nor should one reject an intrinsic direction of time in the

explanatory project yet be agnostic over whether one is required in the precondition project.

If these arguments are right, the significance of the precondition project has been overrated. Those
concerned with science-based reasons in the explanatory project already accept that a posit
concerning initial conditions is required to explain uncontroversial temporal asymmetries. If such a
posit already commits one to an intrinsic direction of time, the precondition project is unnecessary.
We don’t have to settle the controversial question of whether the fundamental dynamical laws are
time-reversal asymmetric. Either manifest temporal asymmetries are enough to establish that there is
an intrinsic direction of time, o7, even if the laws are time-reversal asymmetric, this asymmetry would
not indicate an intrinsic direction of time. Insofar as there are worthwhile projects concerning how
to formulate time-reversal invariance, or how to derive features of spacetime from features of the
laws, these projects aren’t significant because they are needed to establish whether time has an

intrinsic direction.

My preferred resolution to both projects is that neither suggests an intrinsic direction of time. While
not compulsory, this resolution suggests a further plausible view: regardless of the form of laws and
boundary conditions we accept, there could never be scientific reason to posit an intrinsic direction
of time. In this sense, there cox/d never be an intrinsic direction of time. This is a curious result, given
that the concept of a direction of time seems conceptually coherent—conceptually, there could have
been a direction of time. But, I will argue, this curious result is compatible with the aspirations of

scientific metaphysics.

The paper proceeds as follows. In Section 2 I outline the explanatory project. In Section 3, I outline
the precondition project. In Section 4, I show how the two project are related. In Section 5, I argue
for a shared resolution to both projects against an intrinsic direction of time. In Section 6, I explore

in what sense time could have had an intrinsic direction.
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Here are some disclaimers. First, talk of “past”, “present” and “future” is to be read as implying
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“before”, “simultaneous with” or “after” a particular time, rather than as indicating distinct regions



of time. Second, Ill stay as neutral as possible regarding Substantivalism versus Relationalism:
roughly, whether spacetime is best modelled as a container in which things happen or as relations
between happenings. I'll briefly mention Relationalism in Section 6. Third, in order not to
presuppose too much physics, I will mostly only assume Newtonian mechanics rather than General
Relativity and only include discussions of quantum mechanics as required. See Earman (1974),
Malament (2004), Maudlin (2007: 115—7) and Callender (2017: Ch. 2) for relevant discussions of

General Relativity.

2. The Explanatory Project

The explanatory project aims to explain manifest temporal asymmetries—temporal asymmetries that
we associate with the direction of time. Manifest temporal asymmetries typically include asymmetries
relating to causation and control, knowledge and records, thermodynamics and entropy, as well ways
in which we value or have different attitudes towards past and future events. These asymmetries
appear, prima facie, to be linked with our idea that time has a direction and, in some version, are
commonly accepted. While there are debates over whether there might be some cases of backwards
causation, for example, most accept that causation is, by and large, temporally asymmetric. I will
focus on these commonly accepted temporal asymmetries rather than those whose existence is

disputed.

Philosophers seeking to explain manifest temporal asymmetries use three broad strategies. Option 1,
“Metaphysical Explanation”, is to use an intrinsic direction of time to directly explain a particular
temporal asymmetry. The criterion for falling into this camp is that the explanatory link between the
intrinsic direction of time and the temporal asymmetry is not typically taken to be subject to
scientific investigation. Examples of this strategy including using a direction of time to directly
explain the “flow” of time (Maudlin 2007: 135; Zimmerman 2007) or why we value past and future
events differently (Prior 1959; Maudlin 2007: 135; Zimmerman 2007). For reasons given above
(Section 1), I won’t consider Option 1 further. Option 1 uses an explanatory link that is, by
definition, not something subject to scientific investigation and so falls outside the scope of this

investigation. For further arguments concerning this strategy, see Fernandes (2021, 2025).

Option 2 is to defend a “reduced” direction of time: that is, to explain manifest temporal

asymmetries without using an intrinsic direction of time and instead by using primarily temporally-



neutral scientific posits. Typically, the explanations use some combination of boundary conditions,
relatively fundamental dynamical laws and a probability distribution. Option 2 is popular among
those working within scientific metaphysics. Defenders include Reichenbach (1956), Horwich
(1987), Price (1996), Albert (2000), North (2011), Ismael (2014), Callender (2017), Fernandes (2017)
and Rovelli (2018), amongst others.

The major temporally asymmetric explanatory posit used in Option 2 is boundary conditions on the
universe, typically special “initial” conditions, such as the claim that the universe begun in a
particular low-entropy macrostate known as the “Past Hypothesis” (Albert 2000).” The label “initial”
might suggest that such a condition only makes sense if there is an intrinsic direction of time with
respect to which the condition is located. But defenders of Option 2 are at pains to point out that
“initial” is just a convenient labelling device. The condition comes to be called “initial” in virtue of
the temporal asymmetries it gives rise to and doesn’t require one to posit an intrinsic direction of
time (North 2011). This point will prove important in what follows (Section 4). Defenders of
Option 2 often put to one side the question of whether our laws are strictly time-reversal invariant.
But they usually take it that, at our world, even temporally asymmetric laws would not significantly
contribute to explaining manifest temporal asymmetries. Hence, boundary conditions remain the

“major” temporally asymmetric explanatory posit.

The explanations of temporal asymmetries in Option 2 aim to be scientific, by relying on
explanatory links that are used in scientific explanations and by making explicit use of resources and
results from science. Explanations of lower-level asymmetries, typically thermodynamic
asymmetries, are modelled off explanations used in statistical mechanics. In the tradition of classical
statistical mechanics following Boltzmann, for example, one explains the rise in entropy of the
universe and of isolated subsystems using time-reversal invariant laws, a temporally symmetric
probability postulate and a low-entropy initial condition. From these posits, one can derive that the
universe is overwhelmingly likely to increase in entropy towards the future and not the past, and that
the entropy of isolated subsystems at non-maximal entropy is overwhelmingly likely to increase

towards the future and not the past—see Albert (2000), North (2011), Loewer (2012), Fernandes

2 “Begun” might be the eatliest time at which the concept of entropy applies.



(2022) and Rovelli (2024) for details. Explanations of higher-level asymmetries rely on lower-level

asymmetries, as well as resources from sciences such as psychology.

Option 3 is a variant of Option 2. Option 3 uses an intrinsic direction of time as an zndirect explainer
or as a precondition for explaining manifest temporal asymmetries. Under Option 3, temporal
asymmetries are explained using similar resources to those used in Option 2 (dynamical laws,
probabilities and boundary conditions) except that the boundary conditions are taken to presuppose an
intrinsic direction of time, typically in such a way that an intrinsic direction of time contributes to
indirectly explaining temporal asymmetries. Like Option 1, an intrinsic direction of time is required
for temporal asymmetries to be explained, but, unlike Option 1, the intrinsic direction of time must,
at best, explain in an indirect way—via temporally asymmetric boundary conditions. It won’t matter
to the arguments to come whether the intrinsic direction of time is itself an explainer. The important
point is that the boundary conditions presuppose an intrinsic direction of time. But I will use

“Indirect Explainer” as a useful label for the position.

Under Option 3, the explanations of manifest temporal asymmetries are largely modelled off those
used in the sciences, except, perhaps, the link between the intrinsic direction of time and the
boundary conditions—whether this link scientific is controversial (see Section 3). For example,
Maudlin (2007; 130—5; see also Frisch 2014: 125) argues that an intrinsic direction of time is
required to justify the asymmetric treatment of boundary conditions used in statistical mechanical
explanations. If so, standard reductionist explanations presuppose an intrinsic direction of time.’
One might also argue more directly from the use of “initial” in “initial conditions” to that claim that

such conditions require an intrinsic direction of time.

I won’t yet attempt to settle which of the above options to prefer. What I conclude for now is that,
for those looking for science-based explanations of temporal asymmetries, there are two viable

strategies: Option 2 (Reduction) and Option 3 (Indirect Explainer).

3 Maudlin defends both Options 1 and 3. Arguably, there is some tension here. For example, if an intrinsic direction of
time indirectly explains temporal asymmetries in what we know, via boundary conditions, then the cotrect response to
the “epistemic argument” is not that conscious creatures are directly sensitive to the intrinsic direction of time (Maudlin
2007: 121—06), but that they are indirectly sensitive to it via boundary conditions—see Fernandes (2025) for discussion.



3. The Precondition Project

The aim of the precondition project is to establish whether an intrinsic direction of time would be
indicated by fundamental dynamical laws that are distinctly “time-reversal asymmetric’, such that a
direction of time would not, in the same way, be indicated by fundamental dynamical laws that are
time-reversal symmetric. The precondition project doesn’t merely concern whether, if the fundamental
dynamical laws (laws” hereafter) are temporally asymmetric, there is an intrinsic direction of time,
but whether their having a temporally asymmetric forz would indicate an intrinsic direction. So, one
can take in the project, even if one thinks that #/ dynamical laws require an intrinsic direction of

time (Maudlin 2007).

One caveat. Most participants to the debate accept that time-reversal asymmetric laws would at best
indicate that time had an “asymmetry”, which is strictly less than arguing that it has a direction. The
temporal asymmetries that the laws directly give rise to seem largely irrelevant to explaining manifest
temporal asymmetries—see Section 2, Maudlin (2007: 135—7) and Wallace (2014). If so, perhaps any
asymmetry indicated wouldn’t be something that deserves to be called a “direction”. This detail
won’t affect the arguments to come. I will still talk of time-reversal asymmetric laws indicating an
intrinsic direction of time, noting that the right to call it a direction may depend on further arguments

linking this asymmetry with manifest temporal asymmetries.

There is some evidence that our fundamental dynamical laws are time-reversal asymmetric. There
are observed violations of CP (charge, parity) symmetry in the decay of neutral k mesons or
“kaons”. Given that we take CPT (the combination of charge conjugation, parity and time-reversal)
symmetry to be preserved, the violations of CP symmetry indicate violations of temporal
symmetry—suggesting that the fundamental laws governing such decays are time-reversal
asymmetric. There are also candidate theories of fundamental physics whose laws are time-reversal
asymmetric, the most well-known being the “GRW” version of quantum mechanics (Ghirardi,

Rimini, & Weber 1980).

Before we consider the philosophical arguments, a few notes about the physics. First, a temporal
asymmetry in a physical phenomenon doesn’t straightforwardly imply time-reversal asymmetric laws.
Another possible source of temporal asymmetries is boundary conditions, typically special initial

conditions. This is the situation in classical statistical mechanics, where time-reversal invariant laws



and special initial conditions imply temporal asymmetric phenomena. Whether the observed CP
violations indicate a temporal asymmetry in the laws ultimately depends on the final form taken by
fundamental physics. Second, the implications of CP violations depend on how time-reversal
symmetry is formulated. If time-reversal requires CP reversal, there is no violation of temporal
symmetry. See Arntzenius and Greaves (2009) and Wallace (2014) for discussion. Third, some
candidate time-reversal asymmetric laws, including those of GRW, are taken by their proponents to
be at best “effective”, that is, not fundamental. Putting these points together, while we should take
seriously the possibility that our fundamental laws are time-reversal asymmetric, whether they are
remains an open question—especially since significant issues in the foundations of physics remain
unsettled. It is partly for this reason that I formulated the precondition project conditionally—
concerning whether, /f our fundamental dynamical laws are temporally asymmetric, this asymmetry
wonld indicate an intrinsic direction of time. One can take a stance on this question even if one is

uncertain of the form of the laws or even certain that the laws are time-reversal invariant.

There are two positive stances taken up in the precondition project. Option A, Correspondence, is to
think that there must be a match in features between time and laws, such that distinctly temporally
asymmetric fundamental dynamical laws would require or otherwise indicate an independent
intrinsic direction of time. Defenders include Horwich (1987), Savitt (1996), Arntzenius (1995, 1997,
2004), Arntzenius and Greaves (2009) and North (2008, 2021). Option B, Newutrality, is to deny that
distinctly time-reversal asymmetric laws would indicate an intrinsic direction of time. For example,
Price (2011) and Farr (2020) argue that a direction of time isn’t needed to tell temporally asymmetric
laws which way to go. If so, whether our laws are time-reversal asymmetric is irrelevant to
determining whether time has an intrinsic direction. An alternative to both positive stances is to be
Agnostic over the debate. In this group I include those who have not considered the debate in
published work as well as those who have considered the debate and not taking up any positive

stance.

Three major arguments are given for Correspondence. The first is that we need an intrinsic direction of
time to state time-reversal asymmetric laws (North 2008: 202—4). The idea is that, since time-
reversal asymmetric laws are different in their formulation towards the past and future, there must
be some past—future asymmetry in time with respect to which they are oriented, for these laws to be

stated.



A second argument is a slightly more formal version of the first. According to this second argument,
we need an intrinsic direction of time to state time-reversal asymmetric laws 7z a co-ordinate independent
way (Arntzenius 2004; Arntzenius and Greaves 2009—see also Malament 2004). The argument
begins from the claim that labelling the forward direction as # (rather than -7) is a convention.
Reversing this convention should not take one from a lawful evolution to a non-lawful evolution. If
there is a pre-existing forwards direction of time with respect to which the laws are oriented, we
know that by changing its label from 7 to — both the direction of laws and the ordering of events are reversed
with respect to 1. So, lawful evolutions will necessarily remain lawful evolutions. But, without that pre-
existing direction, it seems that changing the label from 7 to —# will reverse the laws (since # features
in their formulation), but not the ordering of events—which can result in a change from a lawful

evolution to a non-lawful one.

A third argument is that an intrinsic direction of time is required to explain temporally asymmetric
phenomena that temporally asymmetric laws give rise to, that is, to explain why the relevant law-
governed processes occur in one direction and not the other (Horwich 1987: 41—2). I'll assess most
of the arguments for Options A and B later (Sections 4—5). But the third argument for Correspondence

can be dealt with quickly. Here is Horwich’s argument in full (1987: 41, my emphasis):

In supposing that it is by law that one of time’s directions can coincide with an entropy
increase and the other cannot, we are excluding the possibility that #/is difference depends on
something other than time—say, the initial conditions of the universe. Thus we are
supposing that there must be something about time itself that explains the difference. Thus a sufficient
condition for there to be an intrinsic dissimilarity between the past and future directions of

time is that they be distinguished by laws of nature.
Horwich’s idea seems to be that the difference in behaviour towards the past and future, because
lawlike, is not due to initial conditions or other contingent features. So, by exclusion, it must be due

to features of time itself.

This is a strange argument. For, it seems that what explains the difference in behaviour towards the

past and future is surely the /zw that one of time’s directions can coincide with entropy increase and
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the other cannot. There may be further argument over whether a law like this requires an intrinsic
direction of time (perhaps via the first or second argument above). But the mere fact that such
behaviour is lawlike does not by itself suggest that its explanation is due to the nature of time, rather

than the laws. For this reason, I'll only consider the remaining arguments for Option A.

4. How the Two Projects are Related

Having laid out the explanatory and precondition projects, I'll now assess their relation. It will turn
out that, while all combinations of positions in the projects are compatible, certain combinations are
unstable. In particular, one can’t argue that an intrinsic direction of time is required in the
precondition project or be agnostic on this question, while denying that one is required in the
explanatory project—at least given current arguments. The arguments regarding laws given for
Correspondence in the precondition project would, if they worked, apply equally to initial conditions in

the explanatory project—and would support an intrinsic direction of time as an indirect explainer.

Here’s why all combinations of positions in the explanatory and preconditions projects are
compatible, at least under widely held assumptions. The explanatory project is concerned with
explaining temporal asymmetries iz which the direction of time is taken to be manifest. These asymmetries
concern phenomena such as causation or records, but not phenomena such as kaon decay or GRW-
collapses. After all, the idea that time has a direction was widely shared, long before we encountered
phenomena such as kaon decay and even though we’re uncertain that there are GRW-collapses.
Nor, most think, do these phenomena have much to do with explaining temporal asymmetries in
which the direction of time is taken to be manifest (Maudlin 2007: 135—7; Wallace 2014). It may be
that temporal asymmetries in the laws that concern kaon decay align with manifest temporal
asymmetries. But the explanatory project is simply not concerned with what might be indicated by

temporal asymmetries relating to kaon decay or GRW-collapses.

One might deny either of the shared assumptions above and think that asymmetries relating to decay
rates or collapse are relevant in the explanatory project. Or one might question whether there is a
clear enough demarcation of what are “manifest” temporal asymmetries. These possibilities won’t
significantly alter the arguments to come. The distinction I will ultimately rely on is that between
arguments for an intrinsic direction of time based in the for of the laws and those based in posits

concerning boundary conditions. One can make that distinction, even if one thinks that both temporal
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asymmetries in laws and boundary conditions contribute to explaining manifest temporal
asymmetries or abandons talk of manifest temporal asymmetries altogether. The reason for setting
things up as I have, however, is to make the strongest case for the explanatory and precondition
projects being distinct, which is how they have been treated, before showing they are related. If one
already thinks the precondition and explanatory projects are related, I will be giving just one more

reason to treat them as such.

The apparent independence of the precondition and explanatory projects is reflected in the positions
philosophers have adopted. Those arguing that 7o intrinsic direction of time is required in the
explanatory project (Reduction, Option 2) have taken up a variety of positions in the precondition
project, including Correspondence, Neutrality and Agnosticism (see Table 1). Whether a reductionist

accepts or rejects Correspondence is not settled by their commitment to Reduction.

There are some groupings. All of those I’'m aware of taking up positive positions in the precondition
project (Options A or B) argue that 7o intrinsic direction of time is needed in the explanatory
project. This is unsurprising. If no intrinsic direction of time is needed in the explanatory project, it
makes settling whether one is needed in the precondition project more pressing—one ought to
engage in the more technical debate over whether more controversial phenomena would indicate an
intrinsic direction of time. In addition, 4/ those I’'m aware of defending Option 3 in the explanatory
project (Indirect Excplainer) adopt Agnosticism in the precondition project. Again, this grouping is
unsurprising. If one already thinks that an intrinsic direction of time is required in the explanatory
project, one can forgo the more technical debate over whether one is required in the precondition
project. But, if an Option 3 defender were to engage in the precondition project, it seems that
Options A and B would be equally available. Even if an intrinsic direction of time is indicated by
initial conditions in the explanatory project, it seems an open question whether temporally

asymmetric fundamental /aws would indicate an intrinsic direction of time.

However, while all combinations of positions in the precondition and explanatory projects are
compatible, the projects are related in a more subtle way. The connection I'll draw between the
projects depends on the for of arguments that have been given for Correspondence. The arguments
given for Correspondence, if they worked, would apply equally well to defend Option 3 (Indirect
Explainer). So, those defending Correspondence with Option 2 (Reduction), including Horwich (1987)

12



and North (2008, 2021), are in an unstable position. Either their arguments for Correspondence should

also lead them to adopt Option 3 (Indirect Explainer) or they should reject their arguments for

Correspondence and instead defend Neutrality and Reduction. See Table 1.

The Precondition Project: Do distinctly temporally asymmetric
fundamental dynamical laws require an intrinsic ditection of time?
Option A: Option B: Agnosticism
Correspondence Neutrality

[Explanatory Option 2: Horwich (1987), Price (2011), Farr Loewer (2012)

Project: Reduction North (2008, 2021) (2020), Albert

'What explains (2000)

temporal >

asymmetries in

which the direction r] '

of time is manifest? | Option 3: Indirect % & Maudlin (2007), Frisch

Explainer (2014)

Table 1: Positions adopted in the explanatory and precondition projects. Unstable positions are

shaded in grey. Arrows indicate directions in which one instability might be resolved.

Here’s how the instability arises. Each of the arguments for Correspondence in the case of laws applies

equally well in the case of boundary conditions. The two viable arguments for Correspondence were
that an intrinsic direction of time is needed to:

1. state temporally asymmetric laws (North 2008)

2. state temporally asymmetric laws in a co-ordinate independent way (Arntzenius 2004;

Arntzenius and Greaves 2009).

Regarding the first argument, if an intrinsic direction of time is required to state temporally
asymmetric laws, they are equally required to state temporally asymmetric initial conditions. If we
need an intrinsic direction of time to state that laws constrain the evolution of the universe 7z one
direction and not the other, then we equally need an intrinsic direction of time in order to state that

boundary conditions constrain the state of the universe az one temporal end and not the other. At this

point, I'm not evaluating whether either is a good argument (see Section 5). I’'m merely pointing out

that the argument applies equally well to boundary conditions and laws.
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Regarding the second argument, the same kind of worry about co-ordinate independence applies
equally to special initial conditions. In both cases, one can’t temporally reverse the laws or the
special initial conditions (due to changing the conventional labelling of “7” to ““-7’) and keep the
evolution of states unchanged, without risking conflict with the relevant posit. In the case of laws,
such a reversal will sometimes take you from a lawful evolution to an unlawful one. In the case of
special initial conditions, such a reversal will sometimes take you from evolutions that satisfy the
boundary condition (such as the universe beginning in a particular low-entropy initial state) to
evolutions that do not (such as the universe beginning in a high-entropy initial state). Again, I’'m not
assessing whether this is a good argument, just making a conditional claim: insofar as it’s a good
argument in the case of temporally asymmetric laws, it’s an equally good argument in the case of

special initial conditions.

Conversely, if one rejects arguments analogous to Arguments 1 and 2 in the case of special initial
conditions and adopts Reduction, one has equally strong grounds for adopting Newutrality. If an
intrinsic direction of time is not required to state initial conditions or to state them in a coordinate
independent way, there is no reason to take an intrinsic direction of time to be required to state
temporally asymmetric laws or to state them in a coordinate independent way. So, one should not

adopt Agnosticism in the precondition project, insofar as one considers that project.

Altogether, regardless of whether arguments of the form of 1 and 2 above are good arguments, they
make the combined position of Reduction with Correspondence unstable, as well as the combination of
Reduction with Agnosticism (for those who consider the precondition project). Horwich (1987) and
North (2008, 2021) ought to move to the combination of Indirect Explainer with Correspondence or the
combination of Reduction and Neutrality. Defenders of Reduction who consider the precondition

project ought to give up Agnosticism.

Here are some concerns one might have.

Objection 1: Arguments from laws are different than arguments from boundary conditions, since only laws are

nomologically robust or “lawlike”. Boundary conditions are contingent.
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There is a long-standing project in the philosophy of physics of using the structure of fundamental
dynamical laws to reveal the structure of spacetime. For advocates of this project, it may seem that
Correspondence is the obvious choice. There is no similarly long-standing project of using boundary

conditions to reveal the structure of spacetime. So, Reduction may seem like the default choice.

I have two responses. First, it is worth keeping in mind that, on some views, constraints on initial
conditions are laws. Some best-systems accounts of laws treat the Past Hypothesis as lawlike
(Loewer 2012; Albert 2015). Taking initial conditions to be lawlike is also compatible with viewing

laws as constraints.

Second, I agree that the combination of Correspondence and Reduction may seem like a default. I also
agree that there is nothing incoherent about the combination—one may coherently believe that
fundamental dynamical laws, but not contingent boundary conditions, indicate features of time. The
problem is that we need arguments for such a combination and the most prominent arguments for
Correspondence won’t do. They speak equally in favour of special initial conditions indicating an

intrinsic direction of time and so against Reduction.

Objection 2: The fundamental dynamical laws are fundamental, whereas low-entropy boundary conditions are not.

This difference justifies taking laws but not boundary conditions to indicate features of time.

Two responses. First, under some criteria, boundary conditions like the Past Hypothesis are part of
fundamental physical theory. Boundary conditions are required to derive higher-level regularities
from fundamental posits. So, depending on one’s views on reduction, some who think higher-level
scientific theories ought to be unified with or reduce to fundamental theory have reason to take
boundary conditions to be part of the fundamental theory. Second, even if boundary conditions are
not fundamental, this difference doesn’t imply that arguments of the form of 1 and 2 don’t work in
the case of non-fundamental posits. If we have non-fundamental posits, they still need to be stated.
One can also insist that, as for fundamental posits, non-fundamental posits need to be stated in a co-
ordinate independent way, at least for non-fundamental posits that are not derivable from or

explainable using fundamental posits.4

+ My responses don’t imply that the status of boundary conditions as fundamental or lawlike is 7ever relevant to what
position one adopts in the explanatory and precondition project. For example, Maudlin’s argument (Section 2) for Indirect
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Obyjection 3: The explanatory project is concerned with explanation, while the precondition project is not—it is
concerned with reasons to posit an intrinsic direction of time as a precondition. So, one can take there to be an intrinsic

direction of time indicated by special initial conditions without committing to Option 3 in the explanatory project.

Incorrect. Option 3 in the explanatory project allows that the intrinsic direction of time might not
itself be an explainer (Section 2). The criterion for Option 3 is that the boundary condition that
explains temporally asymmetric phenomena requires an intrinsic direction of time, such that the
explanation of temporally asymmetric phenomena requires an intrinsic direction. There is no

requirement that the boundary condition explains.

Obyjection 4: The explanatory project is concerned with manifest femporal asymmetries, while the precondition project

25 not. So, the combination of Reduction and Correspondence remains stable.

While each project concerns different temporal asymmetries, this doesn’t prevent arguments of a
similar form being used in each project. Both projects are concerned with what about an intrinsic
direction of time might be indicated by laws or special initial conditions, whatever asymmetries these

posits explain.

Obyjection 5: The precondition project can only establish that time has an asymmetry, not a direction. So, the

combination of Reduction and Correspondence remains stable.

Proponents of Reduction reject arguments from manifest temporal asymmetries to an asymmetry in
time, as well as an intrinsic direction. So, even if the arguments of the precondition project are
merely about asymmetry, Correspondence with Reduction remains unstable. Moreover, arguably, even if
the precondition project is only directly about an asymmetry in time, that asymmetry will ultimately

warrant being called a direction if it aligns with manifest temporal asymmetries.

Explainer applies in the case of dynamical laws, but not in the case of special initial conditions. It is for this reason that I
didn’t identify Newutrality and Indirect Explainer as an unstable combination.
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5. Against an Intrinsic Direction of Time

So far, I have argued that certain positions are unstable. Using current arguments, one cannot
commit to an intrinsic direction of time in the precondition project while rejecting or being actively
agnostic about such a direction in the explanatory project. In this section, I will argue that neither
project supports an intrinsic direction of time. So, proponents of Reduction with Correspondence should

move to Reduction with Neutrality.

To begin, note that it is widely accepted in the explanatory project that merely the fact that initial
conditions are called “initial” should not lead one to assume an intrinsic direction of time—to do so
is seen as a basic conceptual confusion about the reductionist project (North 2011). The posit is
about a boundary condition at one end of the universe, and not the other, an end that comes to be
called “initial” in virtue of the temporal asymmetries that the posit (and others) give tise to.” The
direction with respect to which the special initial conditions are oriented is a reduced direction of
time.’

An analogous position is equally plausible in the case of temporally asymmetric fundamental
dynamical Zaws. Though we call these laws “temporally asymmetric”, this should not lead us to
assume an intrinsic direction of time. The correct way to think of laws is that they constrain the
evolution of the universe in ore temporal direction, and not the other, a direction that comes to be
called “forwards” in virtue of the temporal asymmetries that the laws (and other posits) give rise to.
The direction with respect to which temporally asymmetric laws are oriented is a reduced direction

of time.

Part of the reason this position has been obscured is due to a confusion between objective and
fundamental. North (2008: 202), for example, argues that an “objective” direction of time is required
for temporally asymmetric laws to be formulated. But this argument doesn’t support her claim that
this direction is zntrinsic, part of the “nature of time itself”; regardless of time’s relation to other

things (ibid.: 202). The asymmetry in time may be ex#znsic in the sense that it is an objective property

> This point is so widely accepted that even proponents of an intrinsic direction of time in the explanatory project rely
on other arguments.

6 Recall (Section 1), “reduction” is used in a very broad sense which merely commits one to there being manifest
temporal asymmetries that are explained without presupposing an intrinsic direction of time. There may not be some
specific set of these temporal asymmetries that really are the direction of time.
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time has in virtue of its relation to other things—in the same way that I may objectively be a sister,

but only in virtue of standing in a sibling-relation.

A reduced direction of time can also explain why laws can be formulated in a co-ordinate
independent way, without an intrinsic direction of time. To see how, let’s play at specifying the
ontology of a hypothetical universe or, equivalently, the posits of a candidate relatively-fundamental
theory.” Begin with a spacetime arena without a primitive direction of time. Then, add some
dynamical laws that constrain the evolution of states within this arena in one temporal direction and
not the other, but without specifying which direction—that is, without orienting the laws with respect
to a prior intrinsic direction of time.® In this hypothetical universe, there is no fact of the matter yet
about which direction the laws constrain the evolution—merely that such a constraint operates in
only one direction. Finally, add a low-entropy boundary condition. As before, there isn’t an intrinsic
direction of time with respect to which the boundary condition is oriented. But we can reasonably
ask how the posits regarding boundary conditions and laws relate—in particular, whether the laws
constrain the evolution towards or away from the boundary condition. Say the laws constrain the
evolution away from the boundary condition. The posits regarding laws and boundary conditions
then generate a set of lawful evolutions. If the hypothetical universe is sufficiently like the actual
universe, the posits will give rise to temporal asymmetries in various phenomena, including
causation, records, etc. In virtue of these asymmetries, it is reasonable to call the direction away from
the low-entropy condition and in which the laws evolve the universe the “forwards direction of
time”. In this sense, time is directed. But we had no need to specify an intrinsic direction of time to

begin with. The direction of time has emerged from the dynamics and boundary conditions.

What about the need for a co-ordinate independent formulation of the laws? If the above picture is
correct, there are two ways we can think about co-ordinate independence. In one sense, if we
reverse the labelling from 7 to -7 with respect to the emergent direction of time, this reversal changes

both how the laws are formulated and how events are temporally ordered—so lawful evolutions still

7 Whether what is posited is strictly part of the ontology or fundamental will depend on one’s views about the
metaphysics of laws, spacetime and much else. Other posits may also be required. My focus is on posits most crucial to
the two projects and what conditions are required for these posits to be propetly stated, regardless of one’s further
views.

8 To simplify, I assume that temporally asymmetric laws constrain the evolution of the universe in one temporal
direction but #of the other, as is true for the laws of GRW. But the same argument will work for laws that are temporally
asymmetric in some other way.
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map to lawful evolutions. But a more accurate way of thinking about the situation is that reversing
the labelling from # to -# on an emergent direction changes nothing. Sure, we now use “-7’ in our
formulation of the laws and in our ordering of events. But, since the direction of time is emergent
rather than reduced, nothing about the direction of laws or the ordering of states is changed by mere
changes in labelling of an emergent phenomenon—which is what one would expect. Regardless,

changes in coordinates do not allow lawful evolutions to be mapped to unlawful ones.

Might there be other reasons for thinking temporally asymmetric laws (or posits) favour an intrinsic
direction of time? Perhaps. Most have found existing arguments, such as those by Maudlin (2007)
and Frisch (2014) regarding typicality, obscure. If the aim is to explain temporal asymmetries, we
don’t just need to account for typical behaviour towards the future. We also need to account for why
entropy was low to begin with (Price 2002). It doesn’t seem that positing an intrinsic direction helps

explain initial low entropy.

One might argue that whether one accepts a formulation of laws that makes explicit reference to an
intrinsic direction of time depends on the ordinary standards that govern theory choice in science. In
other words, even if an intrinsic direction of time is strictly speaking not required for an empirically
adequate theory, perhaps the simplest, best, most general theory uses formulations of laws that
presuppose an intrinsic direction of time. It may be that broader considerations of theoretical choice
are relevant to which formulation of laws we adopt. But I doubt these favour Correspondence in the
case of an intrinsic direction of time. Formulations of laws that avoid presupposing an intrinsic

direction are no more complex and no less general. Other cases may fall differently.

6. Could There Be an Intrinsic Direction of Time?

We have seen neither temporally asymmetric laws nor special initial conditions provide reason to
posit an intrinsic direction of time. So, given arguments to date, a certain view regarding an intrinsic
direction of time is plausible: regardless of what form of fundamental dynamical laws and boundary
conditions we accept, we should never posit that time has an intrinsic direction. After all, if femporally
asymmetric laws and boundary conditions don’t provide reason to posit an intrinsic direction of time,
other features laws and boundary conditions will also not lead to such a posit. The arguments I have
given above don’t depend on adopting this view. But it’s worth taking seriously. Considerations of

theoretical simplicity seem to suggest we avoid positing an intrinsic direction unless one is required.
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Given the reductionist alternative considered above, current arguments do not show that an intrinsic

direction of time is ever required.

Before I discuss the view in more detail, note that a similar position can be adopted regarding not
just directions, but also /locations and not just time but also space. According to the Strong Stance: no
matter what form of dynamics and boundary conditions we accept, we should never posit that zwe
of space has features such as privileged /ocations or directions. Anytime our fundamental scientific
theories seem to require such posits, it’s not that any locations or directions are special—it’s just that
we call them special, given the behaviour that the laws and conditions give rise to. Special locations

or directions always turn out to be “reduced” or “emergent” and dependent on the dynamics.’

One might defend the S#ong Stance only concerning time, or only concerning directions in time. But
one would need a principled reason for treating apparent references to temporal features differently
from apparent references to spatial features, or for treating apparent references to temporal
directions differently from apparent references to temporal locations. Prima facie, it’s hard to see what

would warrant such distinctions.

The mere availability of the S#ong Stance depends on the fact that we can always reformulate
conditions and laws without mentioning particular locations or directions in time or space,
regardless of the dynamics. For example, say an “Aristotelian” world is one where all matter is
attracted to a single point in space. The correct formulation of laws at this world, according to the
Strong Stance, is that “all matter is attracted to a single point”’—with no specification of where that
point is. The point comes to be called special in virtue of all the matter being attracted and clumping
there. Curiously, according to the S#ong Stance, the relevant features of time or space do not depend
on the world’s dynamics—unlike in the Substantivalism versus Relationalism debate where the
plausibility of Relationalism depends on accepting a dynamics that is invariant under (at least) spatial

translations.

° 'The Strong Stance isn’t concerned with other ways in which spacetime could have privileged directions and locations—
such as the universe being bounded in one temporal direction and not the other. The S#rong Stance shares features in
common with other projects that take appatrently fundamental structure to be emergent (Brown 2005; Knox 2018;
Albert 2023).
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The arguments I have given above don’t depend on the S#ong Stance. But the view is at least
plausible. First, perhaps we should only posit privileged locations or directions in time or space
when they’re reguired. Since a formulation of laws and boundary conditions is always available that
makes no reference to privileged locations or directions, these posits will never be strictly required.
So, we should never posit them. Second, the S#rong Stance seems to get something right about the
explanatory relations between spatiotemporal features and dynamics. Whenever a location or
direction in time, space or spacetime seems special in our world, this will always be due to dynamics

which #reat those locations or directions as special—not to the locations or directions themselves.

If the Strong Stance is correct, we can tell “a priori”, before we investigate its dynamics, that the world
doesn’t have privileged locations or directions in time or space. Unusually for an apparently a priori
inference, such posits are logically, metaphysically or conceptually coherent—unlike in the A versus
B-theory debate where B-theorists often enough take A-theory to be conceptually confused (Price
1996, 13)." In licensing such inferences, does the S#ong Stance conflict with a metaphysics guided by
science? My hunch is that the S#ong Stance (or its rejection) depends on arguments concerning what
we want different parts of our physical theories to do and so what structures can be treated as basic
or derived in satisfying these desiderata. It may that these desiderata rule out features such as
privileged positions or directions, even if they’re conceptually coherent. Of course, none of this is to
deny that our attempts to determine the dynamics of our world have played a substantial role in
helping us reason about the desiderata for our theories—and so have played a role in shaping even

this “a priori” metaphysics.

7. Conclusion

There are two projects that might lead us to posit an intrinsic direction of time: explaining manifest
temporal asymmetries and considering the preconditions for temporally asymmetric dynamical laws.
These projects turn out to be related: rejecting an intrinsic direction of time in the explanatory
project mandates rejecting an intrinsic direction of time in the precondition project, given current
arguments. A further view is that, no matter what form of dynamics and boundary conditions we

accept, we would never have scientific reason to posit privileged locations or directions in time or

10 More carefully, A-theoretic passage may be conceptually incoherent, but the A-theoretic division of the universe into
past, present and future regions is coherent but explanatorily redundant—the latter being an example of privileged
locations in time that the S#rong Stance rules out.
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space. While I have only argued for the plausibility of this view, its mere availability means we need
to be much more careful about our grounds for ever accepting intrinsic directions or locations in

time or space.
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