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Abstract

The aim of this thesis is to defend a presentist metaphysics. I respond to a series

of objections against presentism, including some that draw on our best physics.

I also explore ways in which presentism might play an active role in interpreting

and constraining physical theory, beyond merely being consistent with it.

A unifying theme of this thesis is that I advocate for a reduction of presentism to

its bare essentials. Within the proposed ontology, reality is three-dimensional.

Time only exists in the sense that three-dimensional reality primitively changes.

I reject any temporal dimension, extension, or direction. I reject any primitively

tensed facts or nonpresent-tensed truths. I also reject any notion of simultaneity,

beyond the mere fact that multiple entities exist in the three-dimensional world.

I accept and embrace that if ontology is ‘stripped back’ to the present, then other

features of metaphysics that depend on ontology should be stripped back too.

The world, under this view, is a forgetful one. What we call the ‘past’ has been

utterly lost from existence: there are not even any absolute facts or truths about

how things once were. All that remain are records, memories, and the like,

but there are no objective underlying truths to which those records correspond.

This has implications for physics. In a forgetful world particles have positions,

but no entire trajectories. The present may be certain and determinate, but the

past and future are at best modelled using probabilistic mathematics.

I believe that the world is likely to be as I describe. I will not attempt to argue,

however, that this view is intuitive. Instead I will argue that it can account for

our experiences and observations, including those from physics, in a simple and

effective way. Most importantly, I argue that this view succeeds in the face of

challenges where other versions of presentism fail.
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Chapter 1: Introduction

The central aim of this thesis is to defend a temporal ontology called presentism.

Presentism is, broadly speaking, the view that only present things exist.1 It is

perhaps easiest to understand this view by considering the alternatives to it.

A time travel story might depict the year 1955 as existing in the past, as a sort

of place that one could in theory travel to, if only it were possible to retrofit a

DeLorean in the right way. Presentists deny that such a form of time travel is

possible, because they believe that there exists nowhere (or no-when) to travel

to, other than this present that we already occupy.2

Presentism has faced a great deal of opposition. Some critics invoke our best

science, arguing that modern physics favours other, rival temporal views, and

at worst might contradict presentism outright.3 Other objections do not draw

upon physics, but rather stick to what might be called ‘pure philosophy’. The

critics argue that presentism runs afoul of internal logical inconsistencies,4 or

that it conflicts with popular views from other areas of metaphysics, such as

truthmaking.5 I will endeavour in this thesis to defend presentism from both

schools of criticism: against physicists and philosophers alike.

I believe that presentism is true. I am uninclined to believe that presentism

is necessarily true.6 I do not think that other views are categorically incoherent

or impossible, but on balance, presentism seems the most convincing to me.

1This wording is used by Markosian (2004, p. 1) and Ingram and Tallant (2018), among others.
I will have much more to say about the definition of presentism in chapter 2.

2In §6.2 I discuss other forms of time travel that do not invoke multiple existing times. These
might be compatible with presentism: see Keller and M. Nelson (2001) and Bernstein (2017).

3See for example Putnam (1967), Savitt (2000), Wüthrich (2013), and Rovelli (2019).
4This includes problems with passage, discussed by D. Williams (1951) and Leininger (2015), and
also problems with defining presentism, summarised by Meyer (2005) and Deasy (2019b).

5See Keller (2004), Crisp (2007), and Caplan and Sanson (2011).
6Ingram and Tallant point out that ‘although presentists sometimes make this move, there’s
very little discussion in the literature as to whether PAN [necessarily, presentism] is preferable
to PA [presentism alone], and if so, what would justify that preference’ (2018, sec. 1).
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When weighing up the merits of competing temporal ontologies, I accept that

it is crucial to consider what our best physics implies. Discoveries from physics

can reveal important facts about the underlying nature of reality, including the

nature of time.7 If presentism is to be supported then it must be shown to be

consistent with these discoveries. In this thesis I make such a defence, but also

go a step further. I argue not only that presentism is consistent with established

physics, but also that there is useful understanding to be gained by adopting

a presentist approach to unsolved physical problems, such as that of interpret-

ing quantum mechanics. Presentism is not merely a view that sits unscathed,

once the physics is ‘done’.8 Rather, presentist thinking can play an active and

contributing role towards our understanding of the physical sciences.9

Throughout this thesis I will assume a certain breed of ontological realism.

I believe that there is an external world, existing at least largely independently

of any given person or cultural group,10 with one particular temporal structure

(however complex that may be). My goal, and indeed what I regard as the

primary goal in temporal metaphysics, is to describe the temporal structure of

that single, actual, external reality.11 Some readers might doubt this assumption,

and reject that there is an ‘external world’ so conceived. It is not the purpose of

this thesis to defend realism against such views. I merely seek to convince other

ontological realists that external reality might be limited to the present.

7Dirac (1978) argued that fundamental physics, and the mathematics contained within, should
be the ‘starting point’ for ontology. My arguments do not go so far. Presentism is not generally
motivated by physics, even it might be consistent or even useful in that context.

8Other defences of presentism tend to merely argue that it ‘survives’ physics. Chapter 4 will
contain various examples on the theories of relativity, but see also Esfeld (2015) on quantum
mechanics and Monton (2006) on quantum gravity.

9Such thinking is rare in the literature, but for a recent example see Smolin and Verde (2021).
10By ‘independently’ I do not mean to imply, of course, that people and cultural groups are

incapable of exerting any influence over the entities in their vicinity. For an introduction to
this subject, and for more on what is meant by this ‘independence’, see A. Miller (2019).

11There are, it should be noted, some issues with conceiving of the field and the views within it
in this way. For example, is our goal to describe the temporal structure as it is (simpliciter), or
as it is, was, or will be (in a tensed sense)? See Deng (2018).
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In this introductory chapter I will outline some of the key areas of debate

concerning presentism. In §1.1 I introduce the view in more depth, contrast it

to other views in the literature, and summarise its main challenges. I will then

outline in §1.2 the objections that I will be addressing, and what the course of

my arguments will be, throughout the rest of the thesis. Of course, I will not

be able to address every issue facing presentism. I will therefore conclude this

chapter in §1.3 by briefly discussing what I regard as two of the most important

problems facing presentism that will not be addressed in detail later on: those

concerning temporal passage, and scientific anti-realism. I will introduce these

problems, and provide some indication of my views on them, before explaining

why I have opted to set them aside in favour of addressing other challenges.

1.1. A first look at presentism

I will begin by introducing some of the more popular temporal ontologies in

the literature, in §1.1.1. I will then summarise the strengths and weaknesses of

presentism specifically in §1.1.2, before discussing the declining popularity of

presentism in §1.1.3. Identifying these issues will allow for me to outline, in

§1.2, how I will be defending presentism throughout the rest of the thesis.

1.1.1 Theories of time in the literature

There are several ways in which theories of time can be characterised. One

traditional approach is to define a temporal A-series that sorts events into past,

present, and future, and a temporal B-series that sorts events based on their

earlier-than or later-than relations.12 So a given event, like the inaugural Rugby

World Cup Final, can be characterised in both an A-theoretic way (it is past) and

12For these terms we can thank McTaggart (1908), who defines the two series in order to criticise
them both, and so argue that time is unreal. Pity that such an exciting argument should leave
us with such unexciting terminology. For more on this view see N. Smith (2011).
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a B-theoretic way (it is located on June 20th, 1987). Temporal ontologies can then

be categorised into A-theories or B-theories, depending on which of these series

they take to be fundamental.13 A-theories are often called dynamic, because they

generally invoke some notion of robust temporal passage, whereby that which

is fundamentally present changes as time passes by.14 While I will use these

terms throughout the thesis where appropriate, there will be moments where

the A-/B-theoretic distinction is suboptimal. For example in chapter 2 I will

argue that presentists, who are traditionally thought of as A-theorists, might

not take A-properties like presentness to be fundamental after all. In this section

it will make sense to approach theories from a different angle: namely, to focus

on what exists, in the most unrestricted sense of the word.15

Presentism is the theory that only present things exist.16 You, the reader,

exist, as do the words you are reading, and the cup of tea in your hand.17 Past

things like dinosaurs, Aristotle, and the 1987 Rugby World Cup Final do not

exist: they are wholeheartedly gone. Future things like quantum computers,

Martian colonies, and Marxist utopias do not exist yet. Some might think that

the present has temporal thickness, so that a duration of (say) one microsecond

of reality exists, but nothing before or after.18 In this thesis, however, I will

defend a conception of presentism wherein the present has no thickness in time.

Instead, reality has only three spatial dimensions,19 with no fourth temporal

13Some have questioned whether there is a meaningful distinction between A- and B-theories.
See C. Williams (1996) and Oaklander (2012).

14I will return to this issue in §1.3.1, but see also Prior (1962) and Skow (2015, ch. 3).
15This is also a traditional approach, formal statements of which tend to lean on unrestricted

quantifiers. See Crisp (2003) and Sider (2006) for details, particularly in relation to presentism.
16For overviews see Magalhães and Oaklander (2010) and Ingram and Tallant (2018). Notable

proponents of presentism include Arthur Prior (1968) and John Bigelow (1996).
17If the reader does not have a cup of tea in their hand, I recommend that they seek one out.
18See for example Hestevold (2008) and Baron (2012).
19Barring any surprises from (say) string theorists, who generally argue for more than three

spatial dimensions. Of course, string theorists also posit temporal dimension(s), and might
reject a firm distinction between the two. For an introduction see Zwiebach (2009, pp. 7-9).
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dimension in which any thickness could exist. The presentist accepts that reality

changes, so she might also accept that representative tools like a temporal axis

or ‘timeline’ are useful when modelling that change. She denies, however, that

change necessitates the existence of a real, physical temporal dimension.

Perhaps the most popular rival view to presentism is eternalism.20 This is

the theory that past, present, and future things all exist in a four-dimensional

‘block-universe’. Aristotle is real and physical, just as you are. He is not situated

at your temporal location, just as he might not be at your spatial location, but

he and everything else are still out there at the various spatiotemporal locations

that they have. Under this view, a temporal dimension is not just a useful way

to model change, but rather it is an existing feature of the external world. The

eternalist believes that there is nothing special about a particular ‘present’ time.

People refer to the time in which they happen to be located as ‘the present’,

but there is no further notion of an absolute or subject-independent present, nor

any notion of such a present undergoing robust temporal passage.21 Instead,

eternalists tend to define change in a purely ‘at-at’ sense: to say that something

changes is just to say that it exists at one time, with one set of features, and also

at another time, with a different set of features.22

There are many other temporal ontologies, which often mix together various

commitments of both presentism and eternalism. Two are worth mentioning

here. Firstly, under the moving spotlight theory past, present, and future things

exist á la eternalism, but within the four-dimensional world there is a specific

three-dimensional slice that is absolutely present. The passage of time consists

of the present slice ceasing to be present, as the next slice becomes so. As Broad

20Notable proponents of eternalism, or similar views, include Bertrand Russell (1937, ch. 54), W.
V. Quine (1960, ch. 5), David Lewis (1976/86), and Robin Le Poidevin (1991).

21There have been attempts to incorporate temporal passage, in some other form, into an eter-
nalist world. See for example Savitt (2002), Deng (2013), Ismael (2016), and Leininger (2021).

22See Russell (1937, pp. 465-473) for a detailed examination of such change.
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puts it, ‘we imagine the characteristic of presentness as moving, somewhat like

the spot of light from a policeman’s bull’s-eye traversing the fronts of the houses

in a street’ (1923, p. 59). Though this view is discussed at length in the literature,

it has failed to attract much in the way of serious supporters.23 Even Broad

himself, to whom the theory owes its name, rejected it in favour of a different

ontology: the growing block theory.24 This is a second important example that

incorporates elements of both presentism and eternalism. As Broad puts it, the

growing block theorist ‘accepts the reality of the present and the past, but holds

that the future is simply nothing at all’ (1923, p. 66).25 Dinosaurs and the 1987

Rugby World Cup Final exist, whereas Martian colonies and Marxist utopias

do not. This four-dimensional universe grows as time passes, as newly-formed

events and entities accrete onto the growing edge of the block, and it is this

growing edge itself that is identified as the absolute present.26

While there are other ontologies that could be listed here,27 this thesis will

mostly focus on presentism. One exception is in chapter 4, where my arguments

can be adapted to any A-theory, including presentism, the growing block, and

the moving spotlight. Elsewhere I will only occasionally reference the other

ontologies above, as the main alternatives to the presentist position.

23Deasy remarks ‘the moving spotlight does not deserve its current relative unpopularity’ (2015,
p. 2073), and Skow admits to having ‘a tremendous amount of sympathy’ (2015, p. 3) for the
view. Yet neither personally endorse it. See also Deasy (2018b) for a response to Skow.

24Though he was never a moving spotlight theorist, Broad’s views did shift considerably across
his lifetime. See Thomas (2019) for details.

25Modern proponents of the growing block theory include Tooley (1997) and Ellis (2014).
26Since both the moving spotlight and growing block admit an absolute present, and also other

times, they face an epistemic problem. How could we know if we exist in the present or not?
See Bourne (2002), Braddon-Mitchell (2004), Forrest (2004), and Heathwood (2005).

27See for example Belnap (1992), Sharlow (2007), and McCall (2009) on branching spacetime
theories, and Norton (2014) for speculation about the shrinking block theory.
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1.1.2 Strengths and weaknesses of presentism

Advocates of presentism point to three possible advantages of their position.

Whether presentism in fact has these advantages is a point of dispute, and even

if it does, these advantages might be shared by at least some other temporal

ontologies. I will not enter into these debates below. Instead, I will merely take

note of what the purported advantages of presentism are supposed to be.

Firstly, presentism might be more intuitive than its rivals.28 Pre-theoretically,

Aristotle does not seem to ‘still live’ in any sense other than in the records and

traces of his life that linger in culture and memory. Fossils exist, but living

breathing dinosaurs do not: it is intuitive to say of them that, rather than being

out there, they are simply no more. Such an attitude seems to be reflected in

the language that we use to describe the past.29 We talk of past things as being

gone, and we thank goodness that they are over.30 While recent experimental

work has called the intuitiveness of presentism into question,31 even opponents

of presentism still occasionally concede its intuitive strength.32

Secondly, presentism might be more parsimonious than its rivals.33 If it can

account for our observations as well as other views, for example, then Occam’s

razor might favour the presentist position.34 Why believe in a fourth temporal

dimension, if the three spatial dimensions alone would do? Expanding our

ontology to include dinosaurs despite having no direct means to observe that

28See Bigelow (1996) and Tallant (2009, p. 425).
29I cannot comment on how far this extends beyond English, but Bigelow has claimed that

presentism ‘is written into the grammar of every natural language’ (1996, p. 35).
30To paraphrase the famous line from Prior (1959).
31See Latham, K. Miller, and Norton (2020; 2021; forthcoming).
32See for example Sider (2001, p. 11).
33Bourne (2006a, pp. 68-69) and Tallant (2013) defend presentism’s quantitative parsimony. My

arguments in chapter 2 could also contribute to presentism’s qualitative parsimony.
34For more on parsimony and its definition see Quine (1963), Sober (2006), and Baker (2016).
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they are there would at least require serious justification.35 If such an ontology

turns out to be necessary in order to explain our best physics, say, then believing

in eternalism might be reasonable. If it does not, then one might argue that the

simpler ontology of presentism is preferable ‘by default’.

Thirdly, presentism might be compatible with other attractive notions that

are incompatible with some rival views. Consider for example the theory that

the future is open: things yet to come are in some sense unfixed or unsettled.36

This seems to align with the theory that the future is unreal: after all, future

things could hardly be fixed or settled if they do not exist. Within other views,

openness might be harder to accommodate. Eternalists might deny that what

exists at one time determines what follows,37 but they do seem committed to

there being future things, in particular states, even when considered from the

standpoint of here and now. So it seems that, within eternalism, there is at least

some sense in which the future is fixed. Similar debates exist over eternalism’s

consistency with free will.38 Eternalists may of course be able to defend them-

selves, either by denying openness or free will, or by arguing that their view is

compatible with them.39 It is a plausible attraction of presentism, however, that

it might more easily accommodate for intuitive notions of this kind.40

So there are at least some attractions of presentism. What of its costs? There

are four main objections that are worth noting here. Firstly, some have argued

that presentism is ill-defined as a metaphysical thesis. If both presentists and

35Bigelow recognises the seriousness of this ‘ontological expenditure’ (1996, p. 47), but he con-
cedes that presentism expends the same elsewhere. I will return to this issue in chapter 3.

36For details on openness see Barnes and Cameron (2008) and Grandjean (2021).
37For more on determinism, and the distinctions between it and notions like openness or chance,

see Earman (2006, ch. 2), Myrvold (2012), Hoefer (2016), and Müller and Placek (2016).
38See Campbell (2011, pp. 7-12) and Gisin (2017).
39See for example Lewis (1979).
40Łukasiewicz (1930/1967; 1961/1967), for example, supported a view where indeterminism,

three-valued logic, and the unreality of the nonpresent are mutually reinforcing ideas.
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their rivals agree that the past existed, the present exists now, and the future will

exist later, then what are they disagreeing about? Whether nonpresent things

exist simpliciter might not be a clearly-defined point of contention.41 There are

also concerns over whether the boundaries of presentism are well-set. Which

views count as presentist, and which do not?42 The initial definition I gave

earlier, ‘only the present exists’, turns out to be in some ways problematic, but

attempts to define presentism more precisely have struggled to account for the

diversity of theories that have been called presentist in the literature. So the first

challenge is to properly outline what presentism even is.

Secondly, some have argued that temporal passage is a problematic or ill-

defined notion within A-theories such as presentism.43 The presentist accepts

that reality changes, but she denies that this requires entities to be distributed

across a temporal dimension. Critics argue, however, that a temporal dimension

constitutes the best, and perhaps the only way to understand change.44 The

presentist will need to clearly establish an alternative account of change, but it

is unclear whether this can be accomplished.

Thirdly, presentists face some problems with truthmaking.45 Most presentists

concede that, while there is no past, there is still a set of absolute, objective truths

about the past. It is then unclear what it is that makes those truths true, when no

past exists to ground them.46 This problem becomes particularly concerning in

cases where no presently-existing records or traces could pick out some claims

from others. For example, one day a specific dinosaur (let’s call her Dorothy)

has vine leaves for breakfast. 10 million years later there remain no fossils,

41See C. Williams (1996), Meyer (2005), Savitt (2006), Deng (2018), and Deasy (2019b).
42See Deasy (2017) and Tallant and Ingram (2021).
43See D. Williams (1951), Grünbaum (1967), Prosser (2007), and Leininger (2015).
44I direct the reader again to Russell (1937, pp. 469-473) for a classic defence of this point.
45See Keller (2004), Caplan and Sanson (2011), Baia (2012), and Torrengo (2013).
46For introductions to this notion of truthmaking see Fine (2017) and Cameron (2018).
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prints, or evidence that might be used to extrapolate that information. So what

makes it true, today, that Dorothy once had vine leaves for breakfast? In rival

ontologies the past exists, and so Dorothy exists out there eating vine leaves,

which can ground this truth. Presentists have no such solution, and so might be

worse-equipped to account for truthmaking than their rivals.

Finally, presentism is accused of contradicting our best physics. The theories

of relativity in particular paint a picture of the world that is four-dimensional,

where entities are distributed in curved spacetime, and where observers can run

into irresolvable disagreements about which events were simultaneous with

which. Such a picture does not seem to admit an absolute present,47 and may

also exclude temporal passage or flow.48 If presentism is plainly disproved by

physics, then that would be damning for the theory. Even if presentists can

avoid contradicting physics outright, one might still argue that the theories of

relativity favour other, four-dimensional ontologies like eternalism.

1.1.3 Presentism in decline

It is worth reviewing the state of play among philosophers of time, given the

debates above. Are there many presentists out there, or are the drawbacks too

serious to be bourne? While I will not be examining the history in detail, the

story of presentism in recent centuries seems to be one of decline. Presentism

has deep historical roots: in the 4th century St. Augustine claimed that ‘there are

neither times future nor times past’ (1955, p. 436). He believed that the past and

future exist only as representations in the present, and that ‘the present has no

extension whatever’ (1955, pp. 433-434). Shcherbatsky also describes presen-

tist thought within Indian Buddhism from at least as early as the 7th century:

47See Putnam (1967), Savitt (2000), and Wüthrich (2013).
48For discussions on this point see Gödel (1949) and Dieks (1988).
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‘everything past is unreal, everything future is unreal... Ultimately, real is only

the present moment’ (1962, p. 70). Bigelow even claims that presentism ‘was

believed by everyone, both the philosophers and the folk, until at least the nine-

teenth century’ (1996, p. 35). This is likely too bold: there are many historical

ontologies that do not seem to be presentist.49 In the West, there is debate over

whether St Anselm was an eternalist.50 As for the Buddhists, Warder (1980,

pp. 141-150) describes no less than 62 temporal theories, supposedly held by

various groups, which were rejected by the Buddha. The Sarvāstivāda school

would go on to maintain the existence of dharmas in ‘the three times’ (past,

present, and future), while the Vibhajyavāda school put them in only the past

and present.51 So while presentism has an impressive history, there is also a

history of competing views resembling the rival ontologies above.

Among the modern philosophical community, presentism has not proven to

be popular. The advent of relativistic physics in the 19th and 20th centuries led

to new challenges for presentism. Bigelow also interprets the emergence of time

travel stories during this period as evidence of rival views ‘brewing in the Zeit-

geist’ (1996, p. 35).52 A survey of philosophers by Bourget and Chalmers (2014)

found that only 15.5% of 931 faculty members supported or leaned towards the

A-theories. B-theories were more popular (26.3%), though the largest group

(58.2%) were unfamiliar, agnostic, or held ‘other’ views. In a follow-up study

(2021), 17.1% of 1785 respondents supported or leaned towards the A-theories.

In a more focused question (excluding those who skipped or indicated their

49One might think of Parmenides, who denied the reality of change. See Copleston (1953, p. 50)
and Lombard (2010). In chapter 2 I will argue that a changeless three-dimensional world could
be considered presentist, but it is unclear if this the view Parmenides took.

50See Rogers (2007) for this view and Leftow (2009) for a response.
51Warder (1980, pp. 272-275) describes the historical schism around this ‘eternalism’. See also

Shcherbatsky (1962, pp. 79-80) and Vasubandhu and de la Vallée Poussin (1990, pp. 805-808).
52It is remarkable that, despite no shortage of belief in gods, demons, and magics, time travel

stories seem to be almost unheard-of anywhere until the 19th century, in works such as H. G.
Wells’ The Time Traveller (1895). For more on the history of time travel stories see Bailey (1947).
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unfamiliarity with the subject), 18.4% of 736 respondents supported or leaned

towards presentism, less than half of those who favoured eternalism (39.9%).

So why have we turned away from presentism? One plausible explanation is

that presentists might have failed to resolve the objections at their door.

Another issue worth identifying is that the adaptations made by presentists,

when responding to their critics, can undermine the positive case for support-

ing their view in the first place. A common presentist strategy is to introduce

new ontological machinery that, while perhaps answering the challenge(s) at

hand, only does so by trading off on presentism’s intuitiveness or parismony.

When it comes to truthmaking, for example, Keller claims that ‘the truthmak-

ing problem does not refute presentism, but it does leave the presentist with

the [burden of] showing that it is worth making the unattractive commitments

that such an account will inevitably involve’ (2004, p. 102). Caplan and Sanson

remark that ‘the attempt to save presentism and truthmaking... has led to a rich

landscape of metaphysical views and mysterious posits. But these views con-

tinue to disappoint: if they don’t founder on the rocks of hypotheticality, they

miss the boat when it comes to explanation’ (2011, p. 203). Meanwhile, when it

comes to relativity, Wüthrich remarks that ‘the tension between modern physics

and presentism can be resolved, but... all resolutions either require unpalatable

metaphysics or speculative science, which our best current knowledge cannot

support. On the first option, the presentist position may become so disfigured

as to more than offset any advantage that may have been gained’ (2013, p. 21).

This problem will be a recurring theme throughout the thesis. In chapters 2,

3, and 4 I will provide a more detailed examination of the defences presentists

have offered, and the problems that they have led to. A core goal of this thesis

will be to do better: to defend presentism against its objections, while retaining

the simple, ‘stripped down’ ontology that presentists wish to boast.
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1.2. Aims of the thesis

My primary goal in this thesis is to defend presentism from its critics. Most of

my arguments will therefore focus on the various challenges that were listed in

§1.1.2. While I will not provide a general analysis of presentism’s advantages,

I will argue that the defences I provide have several specific merits over those

that have been attempted before. A unifying theme will be that my defences

avoid radical or needless expansions of the presentist’s ontology or alethiology.

I aim to keep presentism limited, and although the benefits of this will differ

depending on the defence in question, I anticipate that my arguments should

all in part help to keep presentism parsimonious, however that notion might be

understood. Some of the arguments I raise may also contribute to presentism’s

intuitiveness, but this will be a lesser priority.53

In chapter 2 I address the objection that presentism is ill-defined. I highlight

several problems facing the definitions of presentism in the literature, including

some issues identified elsewhere, and some others that are new. I then defend a

definition of presentism that avoids these problems. I propose that presentism

should be understood as a negative thesis about time rather than a positive one.

The core of presentism is not a particular understanding of how time is, but

rather an understanding of how time isn’t: namely, time does not constitute

a topological dimension, and accordingly there is no such thing as temporal

extension. I call this view topological three-dimensionalism, and defend it as a

precise, formal definition of presentism. I therefore maintain that presentists

can overcome the objection that their view is ill-defined.

53Given the emphasis placed on the intuitiveness of presentism elsewhere, the reader might
wonder why I deprioritise it. Perhaps it stems from my background in the sciences, where
arguments invoking folk intuition are treated with a distrusting eye. While I find presentism
intuitive myself, I would hestitate to claim from my armchair that a single view is intuitive for
everyone across all cultures, though I break this rule somewhat in §1.3.1. Regardless, I am not
inclined to regard intuitiveness as an important strength for this, or any, temporal ontology.
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In chapter 3 I discuss presentist truthmaking. It has generally been assumed

that presentists must believe in a set of truths about the past, despite the past not

existing. It is in the process of defending such a position that presentists often

introduce problematic complications into an otherwise simple ontology. In this

chapter I argue that presentists would do better by denying that there are any

truths about the past or future. What we have in the present, including records,

fossils, memories, and the like, are sufficient to account for what we experience

and observe in the world. There is no need for a further underlying set of past

truths. Many may find this move unintuitive: in that case, this argument can be

thought of as trading out on the intuitiveness of presentism in order to preserve

its other attractions. Regardless, I maintain that presentists can overcome the

objection that there are truths about the past that their view cannot account for,

at least without further complicating their ontology.

In chapter 4 I examine the argument from relativity. My defence covers not

only presentism, but also the broader school of A-theories to which presentism

belongs. I argue that this objection has been posed elsewhere in a problematic

way: critics assume that A-theories, including presentism, can be treated as

views where the present is located within four-dimensional spacetime. While I

agree that A-theorists should accept relativistic spacetime as a useful model for

doing physics, I argue that the objection from relativity should be construed

from the beginning as a problem of matching ontological claims to claims about

relativistic observations. I then argue that our lack of observations of absolute

simultaneity does not preclude there existing an absolute present, so long as we

clearly understand what constitutes an absolute present, and what constitutes

simultaneity or copresentness. I therefore maintain that A-theorists can reconcile

their views with the theories of relativity, without resorting to denials of the

physics, or to extensive ontological modifications.
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Chapter 4 marks a shift of focus towards the interplay between presentism

and physics. This continues into chapter 5, where I will also move from merely

defending presentism against objections to instead proposing a novel advantage

of the view. I argue that adopting presentism allows for quantum theory to be

interpreted in new and interesting ways. In particular, presentism allows for

both an open future, and even an open past, which gives the presentist unique

tools for explaining the strange and probablistic behaviour of quantum systems.

My goal in this chapter will be modest: I will merely aim to show that there

is promise in this line of thinking, and that presentist approaches to quantum

theory would be worth exploring further.

Once my four main arguments are made, I will conclude in chapter 6 by

bringing them together into a single coherent picture of presentism. I defend an

ontology where reality is three-dimensional, with no temporal extension; where

there are only truths about the existing present; where the results of relativistic

observations are accounted for; and where some of the behaviours of quantum

systems are interpreted to be consequences of presentist ontology. Of course, I

will not address every problem facing presentism in this thesis, and so there will

remain some questions to be asked of the view that I conclude with. In partic-

ular there are two issues that, while not the focus of any of the chapters, will

arise at several points as peripheral or secondary concerns. These are, firstly,

the problem of temporal passage introduced in §1.1.2, and secondly, the extent to

which presentists must commit to scientific anti-realism. I do not neglect these

issues because I believe them to be unimportant: on the contrary, I think it is

crucial for presentists to have a clear account of passage, and a clear account of

how to interpret our best science. Given that, in the next section I will briefly

express my own views on each of these problems, while also explaining why I

have largely left these issues aside throughout the rest of the thesis.
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1.3. Two initial problems for presentism

Physicists often model systems in terms of a given initial state, coupled with a

set of equations governing the system’s evolution. The job of the physicist is to

use those equations to calculate one or more possible pasts or futures, into or

out of which the initial state could evolve. Intuitively, we might be realists about

at least the initial state. The state is supposed to be a straightforward, though

simplified, representation of something that exists. In chapter 2 I will elaborate

on the presentist’s belief that reality is three-dimensional. For now it is enough

to note that presentists would represent physical systems with a merely three-

dimensional state, coupled with a set of evolution equations. This, to my mind,

captures the presentist ontology in a nutshell: reality is three-dimensional, and

yet changing in some kind of systematic way.

This picture of presentism raises two initial problems. Firstly, what does

‘changing’ mean in this context? This amounts to the familiar temporal passage

problem flagged in §1.1.2. Secondly, if one is a realist about the initial state,

should one also be a realist about the evolution equations, or about the other

states that are extrapolated from the initial state plus the equations? At the very

least, it seems like presentists cannot be realists about entire distributions of

states across time, but the significance of this as a form of scientific anti-realism

has not seen much discussion in the literature. These issues will reappear at

several points in the thesis, but I will not seek at any stage to comprehensively

defend a particular stance on either of them. My aim in this section is simply to

introduce each issue, indicate my views regarding them, and then elaborate on

my reasons for sidelining them in favour of other problems.
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1.3.1 Presentism and temporal passage

As I will elaborate on in chapter 2, the presentist believes that reality is three-

dimensional and changing. Whatever ‘change’ is, it is not understood to imply

that there exists a fourth dimension. The sceptic might challenge the presentist

to explain this notion of change, or passage.54 A similar challenge can be posed

for any temporal A-theory, and as such there is a rich literature concerning this

problem.55 There has also been a great deal said about passage in the context

of physics.56 So I can understand if the reader feels that it would be suitable to

address this topic in detail in a thesis of this kind.

In my view the question being asked of presentists can be divided in two.

Firstly, the critic might claim to lack even a basic, first-pass understanding of

what presentist temporal passage could be. She might have no comprehension

of what the presentist is ‘getting at’ when they talk of three-dimensional reality

changing, without such talk obviously and intuitively invoking a fourth, tem-

poral dimension. Secondly, some critics might admit to a basic understanding

of what this talk of passage is ‘getting at’, but they might challenge presentists

to provide a more detailed breakdown of this notion. In terms of what else,

more fundamental than passage, might passage itself be understood?

When it comes to the first question, I believe that there is a clear response to

those who deny even a basic or intuitive understanding of what passage within

presentism might be. Take, for example, your intuitions regarding your sense of

sight.57 We seem to see things around us as three-dimensional. We can point to

54Here, I seem to conflate change with passage. Under the view proposed in chapter 3, change
only exists in sense that reality undergoes passage, so one can talk of these interchangeably.
Other presentists, however, might define change in terms of truths about various times.

55See Savitt (2002), Dainton (2011), Skow (2015), Ismael (2017), and Deasy (2018a).
56See Grünbaum (1967), Hartle (2005), Norton (2010), Ismael (2016), and Arthur (2019).
57I merely refer to how what you see appears to you, at first pass. As for the technical details of

eyes and optic nerves, there is also reason to think that perceptions of change are irreducible
to ‘static’ information about entities at a series of times. See Shaw and Pittenger (1978).
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up to three visibly orthogonal directions: not two, not four. And yet, we seem

to see things changing. The fact that we see things changing does not prima facie

make us see them as four-dimensional, even if a fourth dimension were some-

thing that we might reason to exist, beyond what we merely see. So we already

find one arena - sight - where change manifests in a way that does not, at first

pass, involve extension along a fourth temporal dimension.58 Although I have

scruples about assuming anything to be universally intuitive, in this case I will be

so bold: I am yet to meet anyone who claims to straightfowardly and intuitively

see things in four dimensions, nor anyone who claims to straightfowardly and

intuitively see things as unchanging.

Given this, I will assume that the reader has a basic understanding of what

temporal passage looks like in a presentist world. To say that reality is three-

dimensional and changing is to say that reality is, very broadly speaking, how

it looks like it is. This explication is so broad that it is more of a description of

a phenomenon than a definition of passage: I am yet to put into words exactly

what passage is. This brings us to the second question: how can the presentist

define passage precisely, without invoking a fourth dimension? Two strategies

are possible. Firstly, the presentist might define passage outright, in a precise

and detailed way. Alternatively, she might reject that passage can, or needs to

be, defined in any more precision than the intuitive picture already introduced.

Passage might, for example, be primitive or fundamental, in such a way that it

cannot be precisely defined in terms of other concepts.59 This need not be a

problem, so long as a more detailed definition of passage is not required in

order for the presentist to address the other challenges facing her.

58I will not analyse here whether we perceive or experience a more rich notion of temporal
passage. There are many who claim that we do not: see Prosser (2012), Hoerl (2014), K. Miller,
Holcombe, and Latham (2018), and K. Miller (2019a).

59For an example of a primitivist view, albeit not within presentism, see Maudlin (2007, ch. 4).
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So why do I not address passage in more detail in this thesis? Firstly, even

if presentism is true and passage exists, the task of defining it might be very

difficult or even impossible. I do not wish to commit to the stance that passage

is primitive, but I think it is a distinct possibility. Even if there is hope of finding

a precise definition, I am not confident that A-theorists are close to it yet. My

brushes with Buddhist thought suggest a history there of both presentist think-

ing, and an interest in change, and so I suspect that the history and philosophy

of Buddhism might be fertile ground for this subject.60 Here we reach an area

that is not my field of expertise, and where collaborations beyond the scope of

this thesis might be in order.

I also take seriously the possibility that passage might not need to be defined

precisely, in order to support presentism. Of course, more clarity on this topic

would never be a bad thing, but I am hopeful that a first-pass understanding of

passage might be sufficient for the arguments that I raise. While there are some

interesting questions to be asked about passage, I do not find myself harbouring

a deep-seated desire to understand what it means for three-dimensional things

to change, beyond the basic notion that seems obvious to the senses. If further

details are not necessary for one to get on with the business of defending pre-

sentism, then I am inclined to leave this issue aside, though I will note at various

points in the thesis when questions about passage become relevant.

1.3.2 Presentism and scientific anti-realism

Next, I will consider whether presentists might be committed to some form of

scientific anti-realism. As in the case of temporal passage, I address this subject

now because it will become relevant again at several points in the thesis. It will

pay to initially clarify what my assumptions about anti-realism will be, and

60For example Shcherbatsky (1962, pp. 79–86) describes as prevalent a historical view where
reality is both instantaneous and essentially kinetic.
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also why I refrain from raising any more detailed arguments about it. Earlier

I indicated two things that presentists might be anti-realists about: the various

states across time that scientists describe when modelling physical systems, and

the evolution equations (or laws). I will examine each of these in turn, providing

an indication of the kind of anti-realism that presentists might adopt.

Firstly, consider the distributions of states across time that are invoked in our

best science. Physicists often describe systems at various states throughout an

entire course of evolution, or trajectory, without making any references to which

point in that trajectory (if any) is the present. Earlier I characterised these states

as the results of extrapolations from just one initial state, but it is not always

obvious which state (if any) holds the privileged position of being that initial

state. Instead, systems are modelled by indifferent distributions of states acoss

four-dimensional spacetime. If presentists are to maintain that only the present

exists, then they must reject that these spacetime models are straightforward

depictions of reality.61 In this sense, at least, all presentists must be anti-realists

about spacetime models. Of course, many presentists maintain belief in a set of

absolute truths about the past, present, and future, and they might understand

spacetime models to straightforwardly depict those truths. In chapter 3 I reject

this position, however, arguing that presentists should abandon the notion that

there are truths about the unreal past and future. This commits me to a stronger

version of anti-realism about spacetime models: they are at most useful tools for

experimentation, and a reflection of the evidence and records that exist presently,

but there are no existing nonpresent things, nor any underlying truths about

nonpresent things, to which our spacetime models correspond.

How might one defend an anti-realist position of this kind? One option

would be to defend scientific anti-realism more broadly. Perhaps a great deal of

61In chapter 4 I note that growing block and moving spotlight theorists must also take spacetime
models to be ‘missing something’ about reality: its growing edge, or its spotlight, respectively.
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scientific discourse should be understood as merely useful, without assuming

that it maps onto anything out in the world.62 If that were so, then by default we

would be instrumentalists about spacetime manifolds, unless there was some

compelling reason to believe otherwise. While this is one option available to the

presentist, it is not my own preference: in general I would consider myself to be

a scientific realist.63 However, I believe that at least two independent defences

can be given for anti-realism about spacetime manifolds, and the distribution of

states represented in them, even if one is a realist about science more broadly.

Firstly, spacetime manifolds might not seem to contain an ‘initial’ state, from

which all other states are derived, when they are used in theoretical problems.

However, this state can be identified when dealing with experiments in practice.

In theoretical problems we limit our scope to a series of times t0 through tn over

which some process is represented to occur. At most we might pick one time

(often t0) to be called the ‘initial’ state, but this does not give any obvious leeway

for distinguishing a real present state from unreal nonpresent states. In practice,

however, we must also consider the state of the experimenter themselves, as

they reflect on the experiment after its conclusion. It is this state that we can

think of as the ‘initial’ one: the experimenter uses information in their vicinity

such as numbers written in their ledger, alongside a working theory about the

laws of nature, to represent a series of states in the past. In chapter 4 I discuss

further this ‘backward-looking’ feature of observation. For now, it is enough

to note that when spacetime models are deployed in practice, they are used to

extrapolate representations of many states from just one ‘initial’ state. So we

can plausibly regard that one (present) state as real, but treat the greater series

merely as a useful representation or tool.

62For an overview and defence of anti-realism see van Fraassen (1980, ch. 2).
63For more on the realist position see Hacking (1982) and Chakravartty (2017).
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Secondly, I would argue that instrumentalism about distributions of states in

physics aligns well with our talk of similar distributions in everyday contexts.

In §1.1.2 I noted that presentists take their view to be intuitive, but this is not

to deny that we often talk about indifferent distributions of events across time.

Writers of encyclopedia entries or train timetables, for example, merely note

the order in which events do or should occur, perhaps with times attached, but

without indicating what time it is now. This is purposeful: documents of this

kind provide ongoing guidance, omitting any information that would quickly

become misleading as the present changes. It would be odd to regard anyone

using a train timetable as committed to the existence of the past or future, just

because they find it useful to represent events across time indifferently in that

particular context. It is plausible that physicists would also omit information

about the present in their models of physical systems, for the very same reason:

they aim to provide useful ongoing guidance about systems of that kind. So I

would argue that presentists can justify the same instrumentalism for spacetime

manifolds as for train timetables. Of course, I am yet to consider whether spe-

cific features of these manifolds, such as their treatment of simultaneity, could

create other problems for presentists. This will be the focus of chapter 4.

Even if presentists can justify anti-realism about distributions of states in the

sciences, it remains the case that even the fundamental scientific laws tend to

be written in ways that reference a variable of time, ‘t’. In chapter 5 I discuss

applications of presentism to quantum theory, and the core evolution equation

in that field is the Schrödinger equation, i~ d
dt
|Ψ(t)〉 = Ĥ |Ψ(t)〉. If my arguments

in chapters 2 and 3 stand, then presentists should avoid understanding reality

in terms of times, and should also reject that there are truths about events across

time. Does this imply that presentists should be anti-realists about laws? Are

we to believe that the Schrödinger equation is false?
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Here it will be worth distinguishing between two uses of ‘scientific law’. On

the one hand, there are laws as we write them down: specific equations using

specific variables that play a role in our best theories, such as the Schrödinger

equation. On the other hand, there are the underlying laws: some structure or

order to the universe that we might think exists, and which constrains how

reality is capable of evolving.64 Of course, the two are linked: the equations

are supposed to be representations of the underlying structure. It is specifically

in the former case, however, that we find explicit use of the variable ‘t’, and I

would argue that anti-realism about these equations is a fairly straightforward

position to defend. There are often many equivalent ways of mathematically

representing the same constraints on the same system, and even if we could pick

out just one of these, it would be bold to assume that today’s best equations will

never be overthrown by other alternatives. It would be equally bold to think

that the particular variables used in today’s equations, including ‘t’, could never

be supplanted. Cartwright (1980) also argues that our current best equations do

not even reflect our current best knowledge about how things evolve. The laws,

as they are written, are useful for explaining what we observe, but do not strictly

‘state the facts’. I will assume, then, that presentists can plausibly adopt an

instrumentalist view about the evolution equations.

What about the underlying laws? There are several ways of understanding

these laws that are incompatible with the ontology that I defend. For example, I

cannot define a natural law to be a universal true regularity across all times.65 It

is worth noting here that the underlying laws are meant to provide constraints

on how reality can change. So to say that there is some structure or order to the

64There are known anti-realist views about these notions, with justifications that are distinct
from anything to do with presentism. See for example Cartwright (1980) and Giere (1999).

65Of course, there are many problems with regularity theory, so this option will not be sorely
missed. For an overview see Armstrong (1983, ch. 1–2).
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universe is, in this context, just to say that things only change in thus-and-such

a way. In §1.3.1 I explored the unique understanding of change that presentists

defend: namely, they defend some form of robust temporal passage. To say that

reality only changes in thus-and-such a way is, under the view I defend, simply

to say that passage exists in thus-and-such a form. So there is some structure

to temporal passage: three-dimensional reality changes, but not in a way that

is totally unstructured or chaotic. The evolution equations are, in turn, just our

best representation of the constraints that exist on how things can change as a

result of passage. For example, perhaps temporal passage exists in such a way

that it does not ‘touch’ the overall electric charge of a system. We model this

using equations that represent a system’s charge as fixed across multiple times.

The presentist is an instrumentalist about the equations: they deny that multiple

times exist, and see such models merely as useful representations. However,

the presentist could remain a realist about the ‘underlying’ laws, if they could

maintain that passage exists in some sort of charge-conserving way.

This view of laws leaves presentists with some questions to answer. Firstly,

how can passage exist in a particular form? For example, what grounds the fact

that temporal passage leaves electric charge ‘untouched’, if there are no truths

about nonpresent values of charge? Secondly, why is representing change in

terms of times is so useful, if the times themselves are unreal? Why have we not

discovered some other, superior physics that avoids references to times? None

of these problems are specific to laws: rather, they bring us back to the general

problem of passage discussed in §1.3.1. The presentist might not only have to

define temporal passage generally, but also define the particular features of it,

and what grounds those features. The presentist might also have to explain

why, in practice, we find it useful to represent passage using times. These could

be difficult questions to answer, but I see no obvious reason to think that they
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are unanswerable. For example, if presentists argued that temporal passage

is primitive or fundamental, then they would not be surprised by the fact that

even our most useful attempts at breaking down passage in mathematical detail

end up misrepresenting it somehow. I will not attempt to offer any alternative,

‘timeless’ approaches to physics in this thesis. I suspect that doing so would be a

significant task, involving a serious mathematical analysis that is outside of the

scope of this project.66 Instead, I simply accept in chapter 2 that it is often useful

to model change in terms of states across time, and I use such representations

myself when discussing presentist physics in chapter 5.

A proper discussion of anti-realism about laws would require more to be

said on the subject of temporal passage, so I will not address this issue in any

further detail here. Instead, I hope that the arguments raised in this thesis will

be understandable simply by assuming a basic, first-pass notion of passage, and

by assuming an instrumentalist view about the evolution equations, which are

just useful representations of what passage is like. With these issues put to the

side, there remain four big questions that this thesis will address more seriously.

How should presentism be defined? How can presentists account for truths and

truthmaking? How can presentists reconcile their theory with relativity? And

how can presentists integrate their ontology with intepretations of quantum

mechanics? These questions will be the focus of the four main chapters of this

thesis, beginning with the question of presentism’s definition.

66While some theories of quantum gravity are ‘timeless’, they draw on distributions of multiple,
causally-related states. So they are generally not presentist theories. See Barbour (1994).
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Chapter 2: Defining Presentism

Abstract

Presentism is traditionally defined as the theory that only present things

exist. Several authors have recently challenged this definition, however,

and have proposed alternatives of their own. In response Tallant and

Ingram (2021) argue that none of these definitions will do, and instead

there can be no precise definition of presentism. In this chapter I assess

the competing definitions, and identify a new problem common to them.

I argue that the best definition of presentism, if we were to adopt one,

would be negative. Presentism should be understood as a theory about

what time is not: that there is no temporal dimension, and no temporal

extension. While I give reasons to adopt this view instead of abandoning

presentism, I acknowledge that both options remain defensible.

2.1. Introduction

Elementary discussions of presentism often begin with a pair of broad ideas.

Firstly, only the present exists, while the past and future are unreal. Secondly,

reality is three-dimensional rather than four-dimensional. Of these ideas, the

first seems at least in part to be a positive thesis. Everything that exists is thought

to have some quality that makes it absolutely, objectively present, a quality that

presentists believe in where their rivals may not. The second idea bears some

positive content too, in so far as the presentist is claiming that there are three

spatial dimensions. These dimensions would also generally be accepted by the

presentist’s rivals, however, so the distinguishing feature of this second claim is

its negative content. Presentists deny that there is a temporal dimension, or that
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reality temporally extends.1 So on the one hand, presentism can be understood

as a positive thesis: reality contains and is limited to entities with particular

features, like presentness, that are not found in other views. On the other hand,

presentism can be understood as a negative thesis: reality does not contain par-

ticular features, like a temporal dimension, that are found in other views.

In this chapter I consider how presentism might be formally defined, beyond

these elementary ideas. In the literature, something akin to the first, positive

thesis is often taken to be the definition of presentism. The second, negative

thesis is thought to be an implication of presentism, but not the definition of it.

There is, however, a growing body of literature highlighting the problems that

these typical definitions run into. In §2.2 I review these criticisms, and introduce

some of my own. I argue that the positive commitments made in the process of

defining presentism are at best unnecessary, and at worst unintelligible, within

presentism itself. Presentism is being defined in terms of things that presentists

should not, and perhaps cannot, believe in.

In §2.3 I introduce an alternative, negative definition. Presentism should be

understood as a theory about what time is not: time is not a physical dimension

akin to space; time is not a direction in which entities extend. Whatever form

time or change takes, it is not of the sort that would invoke a fourth, temporal

dimension. This approach avoids some of the problems facing positive defini-

tions of presentism. There will remain, however, a serious challenge facing all

definitions that has been identified by Tallant and Ingram (2021). They argue

that there is no ‘theoretical core’ shared among the views that have been called

presentist in the literature. Any definition will exclude some ‘presentisms’ from

the presentist camp, a move that Tallant and Ingram deem unjustifiable. They

conclude that there can be no good definition of presentism. In §2.4 I raise some

1Though some consider whether the present could be ‘thick’. I discuss this further in §2.4.
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problems with this argument, and defend my negative definition over no defi-

nition at all. With that said, my conclusion on this issue will be a modest one.

While I have concerns about Tallant and Ingram’s position, their argument re-

mains defensible, and could yet succeed. The purpose of this chapter is not so

much to argue that formally defining presentism is, itself, the right thing to do.

Rather I will argue that, if we assume that a formal definition is something that

we seek, then the best candidate on offer is a negative definition, which seems

to have been overlooked thus far. Moving forward, the presentist should be

weighing up between the pessimism of Tallant and Ingram, on the one hand,

and the negativity of the approach that I defend, on the other.

2.2. Presentism in the literature

Presentism is often defined in as little as a sentence. Typically, this is one of

several similar sentences about the existence or nonexistence of the present or

nonpresent. Examples include ‘only present things exist’, ‘nothing exists which

is not present’, ‘all and only present entities exist’, and ‘reality is limited to the

present’.2 These basic definitions lack clarity on a few important details. Firstly,

what is meant by ‘reality’ or ‘exist(s)’? Critics have noted that if ‘exists’ means

‘exists now’, then the above claims are trivial, whereas if ‘exists’ means ‘exists

now, existed, or will exist’, then these claims are nontrivial but obviously false.3

I will assume for now that there is a third, tenseless way of understanding exis-

tence that can be sensibly employed here, though I will revisit this issue in §2.3.

Secondly, what is meant by the term ‘present’? In some of these definitions it is

unclear whether it is objects that are present, or whether there is a substantive

present time distinct from any objects contained within. I will initially assume

2See Markosian (2004, p. 1), Bigelow (1996, p. 35), Asay and Baron (2014, p. 1), and Caplan and
Sanson (2011, p. 196) respectively.

3For such critiques see Meyer (2005) and Lombard (2010), and see Sider (2006) for a response.

28



that presentists are just discussing objects, since they may not want to commit

to a substantivalist view of times. It remains unclear, however, what it would

mean for an object to be present. Is presentness a property, for example? If it

was, then presentism could be defined as the theory that only objects with the

property of presentness tenselessly exist.

This notion of presentness has faced serious criticism.4 One of the issues

raised by Craig (1997, p. 36) is that things must already be present, and thus

existent, before they can have any properties. Sosa (1979) also argues that pre-

sentness could not be instantiated in either a tensed or tenseless fashion, leaving

it unclear how it could be instantiated at all. More recently, Deasy (2017) has

objected to both property and non-property approaches to presentness, and so

looks to define presentism without reference to either. I am inclined towards a

similar line of thinking. Whether it refers to a property or not, the term ‘present’

is hard to make sense of within presentism. Presentness is only meaningful if

it differentiates things at the present time from other things at other times, but

the presentist may not believe in times, nor in anything nonpresent for present

things to be contrasted with. If presentness exists, then the presentist believes

that everything has it, rendering it redundant. There are no clear, meaningful dif-

ferences between a three-dimensional world where everything has presentness,

and that same world where everything just exists, without presentness.5

Given these issues, Zimmerman (1996), Craig (1997), and Tallant (2014a;

2019) suggest that presentists adopt a deflationary view of presentness, so that to

be present means nothing more than to exist.6 Some things exist, while others

4Moore rejected it, but admitted its intuitiveness. ‘It seems to be the plain truth that: every event
has, when it is present, a characteristic wh. it does not possess at any other time–a characteristic
wh. is what we mean by saying that at that time & no other it is present’ (1962, p. 97).

5A similar point can be made for copresentness: this will be crucial in chapter 4.
6This might be taken to mean that presentness is not a property, though as Tallant (2019, p. 423)
discusses, it could still be an ‘uninteresting’ property reducible to mere existence.
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do not, but there is no further notion of things being present, or not.7 I sym-

pathise with this existence presentism: I think that presentists should reject that

there is a property of presentness, and define their theories simply in terms of

which things exist. Note, however, that existence presentism does not constitute

a definition of presentism. Claiming that the set of present things is by definition

the set of existing things does not tell us what it is that does or does not exist,

which is something that a theory like presentism is supposed to do. As Deasy

(2017, p. 383) points out, adopting existence presentism makes ‘only the present

exists’ trivially true, and therefore consistent with any theory of time. So while

existence presentism is a good start, there needs to be a further definition that

clarifies how the presentist’s ontology differs from those of other views.

So far, I have discussed how definitions that invoke presentness implicitly

commit to something that exceeds what presentists could be expected to believe

in. Presentists believe that you, the reader, exist, whereas Aristotle does not,

but it is unclear why presentists would believe that you bear some presentness

property that might further distinguish you from Aristotle. I will now argue that

several other attempts at defining presentism have run into similar problems:

they implicitly invoke particular positive theses that are themselves problematic

for the presentist to adopt. In fact, other definitions may suffer from a worse

version of this problem, as they require the presentist not merely to think that

existing things have presentness, but rather to think that nonpresent things have

certain features or properties, even though they don’t exist. I shall now consider

several examples that run into such problems.

After acknowledging the problems with presentness, Deasy suggests that

presentism should be defined as ‘there is an absolute, objective present instant...

& sometimes, something begins to exist and sometimes, something ceases to

7This seems to suit Prior’s ‘redundancy theory’ of the present tense: ‘the proposition that it is
(now) the case that p is the very same proposition as the proposition that p’ (1968, p. 101).
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exist’ (2017, p. 391).8 This definition draws on terms like ‘present instant’ and

‘sometimes’, while the further particulars of this definition use language such

as ‘(n)ever’ and ‘always’. In order to adopt this view, presentists would need to

believe in several positive claims about instants, and about things being some-

times, always, or never thus-and-so. Correia and Rosenkranz (2015) also define

presentism without invoking presentness, and to their credit they take signifi-

cant precautions to define the temporal language that they use.9 Yet one term

(such as ‘being in time’) is often defined with respect to other, unexplained

terms (such as ‘sometimes’ or ‘times, t’). Whether it is the term ‘present’, or

whether it is supposedly more fundamental or obvious terms like ‘times’, these

definitions use language that at the least requires further explanation in order

to be understandable.10 The presentist must explain how it can positively be

the case, within her theory, that there could be times or instants, or that entities

could be sometimes thus-and-so. Are we to understand, for example, that the

presentist believes that everything exists at a time - the present one - and there

are, in some sense, other times that the present can be sensibly compared to?11

Are we to understand ‘sometimes’ to mean ‘at some of the many times’?

Outside of works that focus specifically on defining it, presentism is often

construed in a more explicitly four-dimensionalist manner. In the literature on

relativity and its implications for presentism, for example, presentism is often

posed as the theory that there is a three-dimensional hypersurface of existing

things, which somehow sits within the greater four-dimensional manifold of

relativistic spacetime. One finds this approach among both presentists and their

8The latter claim is called temporaryism. Some argue that debates about presentism could be
abandoned, in favour of debates about temporaryism against permanentism. See Deasy (2019a).

9For brevity I will not labour over the wording of Correia and Rosenkranz’s view. They define
presentism as ‘always, ∃t(t is one-off&x(x is in time→x is contemporaneous with t))’ (2015, p 6),
but to understand terms like ‘one-off’ I would direct the reader to the paper itself.

10For a number of other concerns regarding these two definitions, see Tallant (2019, pp. 410-421).
11See Hestevold (2008) for a critique of this approach to times.
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critics,12 who often assume such a view at the beginnings of their articles, with-

out much explanation as to how it is to be understood. In defence of these

thinkers, adding a ‘slice’ of existents to an otherwise four-dimensional picture

does intuitively seem to capture presentism, while constituting a minimal depar-

ture from the models of our best physics. It is not obvious that such a picture

of presentism could be accurate, however, when the whole point of presentism

is to deny the existence of the rest of the manifold, making it difficult to main-

tain that the present ‘sits within’ a manifold in any sense at all.13 I will examine

the conflict between relativity and presentism in chapter 4. In general I suspect

that the most promising approaches to this problem may revolve around the

discrepancies between the four-dimensional ‘presentism’ that the critics attack,

and proper presentism (whatever that looks like).

A recurring theme among these views is that they seem to implicitly commit

the presentist to times, to spacetime, or to particular features of nonpresent things.

The presentist must adopt one of two plausible methods for intepreting these

notions. Firstly, she could take these terms to be a useful, but ultimately dis-

pensable representation or metaphor for what she thinks. The presentist does

not believe in multiple times, but she does talk of times in so far as doing so is

useful. An initial criticism here is that if the presentist means something else

by ‘present’ or ‘times’, then she would do better to define her theory directly in

terms of whatever these words represent. I will adopt such a position in §2.3,

where I argue that presentism should be defined in terms of topology, and terms

like ‘times’ and ‘present’ might then be defined once a topological definition of

presentism has been settled upon. It is not clear that other presentists are taking

the same approach, however, when they use such language in their definitions.

12See Hinchliff (2000) and Monton (2006), and Putnam (1967) and Savitt (2000), respectively.
13This issue has been acknowledged elsewhere. See for example Prior (1972).

32



So I will first review what else these terms might represent, in order to show that

the alternatives are not particularly promising. There is also a second approach

to this problem: instead of understanding terms like ‘times’ to be metaphorical

or representative, the presentist could take this talk more seriously. She might

define her theory so that there can properly be times and instants within her

ontology, and so in at least some sense, present things are genuinely located at

the present time rather than at other times.

Consider the first approach. Presentism is defined as either ‘only the present

exists’, or as some theory about what times there are and what happens at some

of them, but the terms ‘present’ or ‘times’ represent something else. What do

these terms represent? I will focus on the clearest option: most presentists main-

tain that, although the past does not exist, there does exist something else with

sufficient representational content that it can ground truths about the past. Such

entities are invoked by presentists in order to respond to the truthmaker objection:

the claim that presentists cannot account for past-tensed truths.14 I will discuss

this problem in much more depth in chapter 3. For now, it will be sufficient to

note that while presentists cannot draw upon past things to ground past truths,

they might posit other things that do that grounding work instead. Some in-

voke special truthmaking properties for this purpose.15 Others invoke abstract

sets of propositions, called ersatz times, to fill that same role.16 So-called nefarious

presentists reject that anything existing grounds truths about the past, instead

proposing that they are true in virtue of primitively tensed facts.17 Each of these

views could only succeed if these special properties, or ersatz times, or tensed

facts had the right sort of representational content, such that they contained a

14For a summary see Caplan and Sanson (2011).
15For a variety of such properties see Bigelow (1996), Cameron (2011), and Ingram (2016).
16See Bourne (2006b) and Crisp (2007).
17This involves rejecting typical truthmaking principles, in favour of alternatives that incorpo-

rate tense. See Kierland and Monton (2007), Baia (2012), and Tallant and Ingram (2015).
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good record of past events. This representational content might also allow for

them to be the referrents of terms like ‘present’ and ‘times’. An ersatz presentist,

for example, might define ‘only the present exists’ to mean ‘only things corre-

sponding to one ersatz time exist’. Similarly, a term like ‘times’ could be taken

to refer to ersatz times, rather than referring to times proper.

Alternatively, consider the second approach. Perhaps nonpresent times could

have some ontological status within presentism, despite not existing. A variety

of theories have been proposed where, in some sense, only the present exists,

but in another sense, there is a past and future. One significant motivation for

this approach is, again, that it might resolve the truthmaker objection. Crucially,

if one grants the past and future some restricted ontological status, allowing for

them to be truthmakers, then they should also have a sufficient ontological sta-

tus to be the referrents of terms like ‘times’. I will summarise a few examples

of such theories. Fiocco (2007) and Zimmerman (2011, pp. 197-201) both defend

positions where present and nonpresent times exist, but only the present time

is populated with objects. Nonpresent times are empty,18 but they still bear the

grounding relations necessary for truthmaking. Such a presentist could make

sense of a term like ‘times’, since times literally exist; and of what it means to

be present, at the only populated time. A second example are the Meinongian

presentists, including Paolini Paoletti (2016), who argue that existence itself is

a property that objects either have, or not. Nonexisting things lack one partic-

ular property, but they still have other properties, and bear relations, and do

explanatory work. Markosian (2004) defends a similar position where nonpre-

sent things are granted a status analogous to that of possible worlds within some

versions of modal realism. A past/possible world has one form of reality, which

allows for it to ground truths and underpin language, but it is not the same

18Well, empty of objects, at least. Both suggest that other things (e.g. simple facts, trajectories)
might exist in the past even if objects do not.
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form as the present/actual world.19 Finally, one might even propose that past

objects could simply exist within presentism. Some have argued that such a

theory could still be considered presentist, provided that a certain emphasis or

privilege was afforded to the present. Q. Smith (2002) raises a view where non-

present things exist to a lesser degree than present things, while Baron (2015b)

discusses a position where nonpresent things exist in virtue of present things.

Presentism might be defined a little differently here, as the theory that only

present things exist simpliciter or to the highest degree, allowing for nonpresent

things to enjoy some form of ‘second-order’ existence.

I will have more to say about these four-dimensional ‘presentisms’ in §2.4.

Ultimately, I will argue that these theories should not be thought of as presentist

at all. For now, it is worth noting that whether one takes the term ‘times’ to lit-

erally refer to times or not, both camps of presentists employ a similar tactic for

understanding temporal language in general. The presentist defines temporal

language in terms of whatever entities there are that at least represent past times:

entities that she already commits to in order to answer the truthmaker objection.

For some presentists, special properties, ersatz times, or tensed facts are drawn

upon; for others, it is times proper that are drawn upon, but those times are only

afforded a restricted ontological status. On the one hand, this might allow for

presentism to be defined as something like ‘only the present exists’, since each

presentist could define ‘present’ in line with her particular views about truth-

making. Note, however, that presentists themselves would disagree about the

meanings of these terms. One could only define presentism in this way if it was

understood as a category covering any theory that, by its own lights, maintains

that only the present exists - or equivalently, for other definitions that lean on

‘times’ rather than the ‘present’.

19Parallels between modality and presentism are well-known, but presentism is usually affili-
ated with actualism, not modal realism. See Bergmann (1999), Sider (1999), and Deasy (2019a).
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There are a couple of issues with this approach. Firstly, it is problematic for

presentists to define their position using temporal language, without an agreed-

upon standard for what that language means. Almost anyone could come up

with a definition for ‘present’ so that, by their own lights, ‘only the present

exists’. One cannot usefully categorise all of these views under the label of

‘presentism’, however, since there is little assurance that they share anything

meaningful in common. If an eternalist were to believe that, in addition to their

other properties, everything in the four-dimensional universe happened to have

a property called ‘presentness’, then she would agree that only present things

exist. Would that make her a presentist? This approach casts the net of presen-

tism too widely, and so fails to provide a useful categorisation. If at all possible,

it would be better to define the view so that it at least approximately captures

only those theories that are intuitively presentist, and where each presentist can

agree that, even by my own lights, your theory is a presentist one.

Secondly, this approach fails to capture theories that deny that there is any-

thing that ‘times’ or ‘presentness’ could be good representations of. In chapter 3

I will defend a view called hard presentism, wherein there are no truths about

the past or future, and so there are no extra entities introduced to account for

such truths.20 While hard presentists may not have to commit to it, one way to

understand this approach is that there is nothing that ‘present’ or ‘times’ could

be good representations of, and so such language should be avoided in technical

contexts. While this approach will have its controversies, it does generally seem

inappropriate that one should have to commit to a particular understanding of

terms like ‘times’ in order to understand presentism, when on the face of it the

word ‘times’ invokes exactly the sort of thing that presentists do not believe in.

While there may yet be a representative purpose for language of this kind, it

20This idea is also entertained by Ingthorsson (2019, pp. 61-63).
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would be more appropriate for us to define presentism in a way that does not

assume as much, and instead draws on terms and concepts that the presentist is

more reliably going to accept. Otherwise, we risk defining presentism in a way

that does not make sense to at least some presentists.

While I have by no means exhausted every view in the literature, a rigorous

definition of presentism does seem to be elusive. The dominant approach has

been to define it in a positive way, so that in the very act of defining their view

presentists commit themselves to believing that entities bear some quality like

presentness, or they exist at times, or they sometimes behave like so, despite not

doing so now. This seemingly four-dimensionalist thinking is difficult for pre-

sentists to work with. In the next section, I will argue that presentism would be

better defined in a negative way, as the theory that reality does not temporally

extend, or that there is no temporal dimension. Such a definition might exclude

those theories mentioned above that propose a restricted ontological status for

nonpresent entities. I will return to this issue in §2.4.

2.3. Understanding presentism negatively

Presentism is a theory about time. Intuitively, it might seem to be a theory about

what time is. There are a number of varieties of presentism, and we might think

that they are united under a single banner, which is some positive claim about

time. There are, however, some important reasons to doubt this idea. Firstly,

the positive claims made by presentists vary considerably. I have already given

some indication of this in the previous section, but a more rigorous assessment

has also been provided by Tallant and Ingram (2021). Their conclusion is differ-

ent from my own, and I will have much more to say about it in §2.4, but at the

very least they make a compelling case that presentists are not obviously united

around any positive thesis that has yet been proposed.
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Secondly, there is a degree of mystery in how presentists positively under-

stand time. Presentists believe in temporal passage, which is meant to allow for

change despite only the present existing. If presentists were united around a

claim about how time is, then we might expect them to be united around a claim

about how passage is. Yet this is not obviously so. The definitions above do not

explicitly refer to passage, and while some presentists do attempt to describe

passage in detail,21 others merely gesture at it using a variety of metaphors and

intuitions.22 While further details about passage might be interesting, it would

seem to me that presentists already feel that their view is distinct from its rivals,

even before they make any specific claims about passage.23 I am therefore doubt-

ful that it is a positive claim about time that defines presentism. Rather, I believe

presentism should be understood as a negative claim, about how reality isn’t, or

what time is not. Specifically, I believe that presentism should be defined as the

negation of topological four-dimensionalism:

(¬T4D): no temporal topological dimension(s) exist.

If we are happy to assume that reality has exactly three spatial dimensions,24

and that if no temporal dimension(s) exist, then there must only exist spatial

dimensions, then (¬T4D) implies that our world is simply three-dimensional.25

As (¬T4D) does not explicitly refer to the number of dimensions, however, it

generalises to possible worlds with different numbers than our own. I will still

refer to (¬T4D) as the negation of four-dimensionalism, to capture its implica-

tions for the world that we live in. I will also assume that (¬T4D) is equivalent

to the theory that reality does not temporally extend.

21I will return to this issue later in the section, but as indicated in §1.3.1 I will not address it in
detail in this thesis. For discussions elsewhere see Prior (1962) and Markosian (1993).

22For more on these turns of phrase, and a critique of passage, see D. Williams (1951).
23For more on passage, particularly in light of the sciences, see Norton (2010) and Ismael (2017).
24Some frontier theories of physics (e.g. string theories) deny this. See Zwiebach (2009, pp. 7-9).
25Such a world might have the topology of a Riemannian three-manifold, with signature (+++).
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As I noted in §2.1, most presentists would take their view to imply that

the world is three-dimensional. So (¬T4D) does not contradict most presentist

views. Beyond that, however, I would argue that it captures the most impor-

tant underlying intuitions associated with presentism. Adopting (¬T4D) means

committing to the belief that the past and future are not out there, they are not

locations that one could in theory travel to. Objects, including people, are not

four-dimensional ‘worms’, but are instead three-dimensional as we intuitively

perceive them to be. In general, most theories of presentism would only extend

on (¬T4D) by adding particular ontological commitments that, while perhaps

useful for purposes such as truthmaking, are not thought to be essential to pre-

sentism. So whatever is essential may indeed by captured by (¬T4D). In §2.4 I

will consider some exceptions: theories that invoke a temporal dimension, but

which have nonetheless been called presentist in the literature. First, however, I

will examine whether (¬T4D) avoids the pitfalls of the views discussed in §2.2.

Does it implicitly commit to anything that is difficult for presentists to make

sense of? Answering this question will require an assessment of how ‘exist’ and

‘temporal topological dimension(s)’ might be understood in this context.

Let us begin with ‘exist’. In §2.2 I noted that a tensed reading of ‘exist(s)’

renders claims like ‘only the present exists’ either trivially true, or obviously

false. It is also unlikely that one could take a temporal dimension to exist in a

tensed way, so if presentism is defined as (¬T4D) then a tenseless ‘exists’ might

still be required. Many of the presentist’s rivals require the same: within eter-

nalism and the growing block, for example, there is a tenseless sense in which

past and/or future things exist. From all camps, then, come suggestions as to

how tenseless existence might be understood. One popular approach is to use

unrestricted quantification, so that something tenselessly exists if our widest
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quantifiers include it.26 Another is to draw an analogy with modal realism, by

taking existence in the past or future to be akin to existence in possible worlds.27

These notions of tenseless existence have faced criticism. Lombard (2010),

for example, allows that we might define a ‘master class’ containing everything,

where ‘everything’ can extend beyond the now if we postulate that ‘if a class S

exists at a time t, then everything that is a member of S exists at some time or

other’ (p. 59). It would be worrying, however, if debates about presentism re-

duced to mere worldplay about the rules governing classes. This talk of ‘widest

quantifiers’ at least obscures the meaningful differences between a world where

Aristotle tenselessly exists, and a world where he does not. We might seem to

be arguing about how philosophers should write ‘Aristotle’ into their paper-

work, rather than arguing about Aristotle proper. I would suggest, however,

that tenseless existence is more robust than this. We can conceive of what it

would mean for Aristotle to be out there, and we are assisted in doing so when

we read time travel stories, or modern physics texts, which challenge us to con-

sider the parallels between time and space. A time traveller would typically

be thought of as travelling to times past while leaving behind a real present. If

the world does not temporally extend then this has the tangible consequence

that time travel, so conceived, is impossible.28 While there is more to be said

on tenseless existence, I would suggest that the use of it in (¬T4D) should not

discourage us from adopting this definition, over the others on offer.

Next, consider ‘temporal topological dimension(s)’. A temporal dimension

is a distinctly non-presentist creature, and so on this matter the negativity of

26For a detailed defence of this position see Sider (2006). See also Correia and Rosenkranz (2020),
who advocate for using such quantification in lieu of any talk of existence.

27For examples of this anology see Hinchliff (1996), Sider (1999, p. 326), and Deasy (2019a).
28The form of this impossibility will depend on whether this dimension is necessarily unreal.

Other forms of ‘time travel’ might be compatible with presentism, but they could involve the
suicide of the traveller, or the mass-murder of those ‘left behind’. I return to this in §6.2.1.
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(¬T4D) is crucial. The definitions discussed in §2.2 make implicit commitments

to presentness, or times, and it is from those positive commitments that troubles

come. Such presentists cannot draw on other temporal theories: they need to

clarify what times are within a presentist world. By contrast, (¬T4D) does not

implicitly commit to a temporal dimension within a presentist world. One can

therefore draw on other theories of time, and the definitions they provide, when

clarifying what it is that presentists deny. A temporal topological dimension

is something proposed by eternalists, and other A-theorists, and so it is their

charge to define what such a dimension would be like.29 The presentist merely

listens to their accounts, and finds herself unconvinced, which does not involve

committing to anything problematic within her own ontology.

It would even be acceptable if eternalists failed to define a temporal dimen-

sion. It is unclear what a married bachelor would be, for example, but this does

not undermine the claim ‘married bachelors do not exist’. Quite the opposite:

we doubt that married bachelors exist in part because they seem nonsensical.

Similarly, if ‘temporal dimension(s)’ should turn out to be nonsensical then this

only lends credence to the view that no such dimension(s) exist. This line of

thinking might assist those who argue that presentism is necessarily true, though

I am uninclined to go this far.30 I grant that eternalists can provide a reasonable

account of what a temporal dimension might be, as distinguished from spatial

ones.31 Yet I am a presentist, just because I am unconvinced that there exists a

dimension of the kind that they describe.

There are two further points worth noting about (¬T4D). Firstly, with this

definition settled upon the presentist could now define terms like ‘present’ and

29A large part of this task would be to clarify how such a dimension would differ from a spatial
one, if it existed. See Skow (2007) on the distinctions between time and space.

30I discussed this in chapter 1. See also Ingram and Tallant (2018, sec. 1).
31Callender (2017, ch. 6) summarises some differences, beginning with those found in physics.
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‘times’. They will merely represent other things: the presentist does not believe

in substantive times or presentness properties. If one still wishes to use these

terms, however, then ‘the present’ could be defined as ‘all of concrete reality’.

Other terms might be defined in terms of other commitments: ersatz presentists,

for example, might define the present ersatz time to be a set of propositions about

reality, and nonpresent ersatz times to be sets of propositions bearing earlier-

or later-than relations to the present ersatz time. ‘Times’, ‘the past’, ‘hours’,

‘always’, and ‘sometimes’ could then be defined using ersatz times. It is impor-

tant that presentism was already defined as (¬T4D), and some clarity given to

the presentist’s view, before any attempt was made to define these terms. Tak-

ing ‘the present’ to mean ‘all of concrete reality’ would not be sensible without

it already being established that reality is not temporally extended. By defining

her language in this way, the presentist could interpret a claim like ‘only the

present exists’. I suspect that any sensible approach would yield the conclusion

that, within presentism, only the present exists. This is only implied by presen-

tism, however: it is not the definition of it. It is also likely that this temporal

language, while useful in many settings, could be misleading in some formal

contexts, as it merely represents other, more fundamental concepts.

Secondly, (¬T4D) leaves much unanswered about the details of any given

presentist’s worldview. Importantly, it does not specify why there seems to

be some sort of thing called time: why there is change, movement, temporal

phenomena of some kind. So silent is (¬T4D) on this topic that it classifies as

presentist the view that reality is three-dimensional and unchanging. This does

not strike me as a problem: with no existing past or future, such a ‘frozen’ world

does seem to be presentist. Assuming that no one would wish to defend such

a view, however,32 we can take it that presentists must defend some account

32Parmenides might have done so, though as indicated in chapter 1 it is unclear if his view was
three-dimensional. For more on his position see Copleston (1953, pp. 47-53).
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of temporal passage. Different presentists will understand passage in different

ways, and the success of their theories will in part depend on how convincing

those accounts are. As noted in §1.3.1, passage is a thorny issue for presentists,33

and not one that I will be solving here. There are, however, several approaches

that presentists could investigate which are consistent with (¬T4D).

Firstly, while presentists could define passage with reference to ‘times’, such

language would be dispensible: they would really be defining passage in terms

of ersatz times, or tensed facts, or the like. Drawing on truths and truthmaking

entities is a fairly traditional approach. Prior (1962), for example, understood

passage in terms of the changing tenses of true propositions.34 If that won’t do,

one could instead define passage by proposing that objects bear vector properties

associated with each way that they can change.35 The term ‘temporal passage’

could be understood to refer to all vector properties collectively. I indicated

in §1.3.1 that primitivism about passage might be a good course for presentists.

Perhaps temporal passage cannot be analysed in terms of anything more fun-

damental: the world is three-dimensional, it simply changes, and somehow that

does not imply the existence of a fourth dimension, or of any times. While there

is obviously more work to be done here, I would suggest that defining presen-

tism as (¬T4D) does not make the problem of passage any more difficult than it

would otherwise be. (¬T4D) only excludes explanations of passage that invoke

temporal dimension(s), and explanations of that kind would likely undermine

the presentist’s other beliefs anyway.

In this section I have proposed that presentism should be understood as a

theory about what time is not, rather than as a theory about what time is. The

33See, for example, Dainton (2011, pp. 412-414) and Leininger (2015).
34Markosian (1993) defends something similar: changes in tense entail changes in A-properties,

producing ‘pure passage’. See van Cleve (2011) for a comparison of this view to Prior’s.
35See Bigelow and Pargetter (1989).
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(¬T4D) definition I support would often be thought of as an implication of pre-

sentism. I have argued that it should be thought of as its definition, particularly

in light of the shortcomings of those definitions defended elsewhere. In the

next section, however, I consider another shortcoming that could threaten my

definition just as seriously as it threatens the others.

2.4. Pessimism towards defining presentism

Tallant and Ingram have recently argued that there is ‘no theoretical core to

presentism’ (2021, p. 1). Their methodology is as follows: they identify a large

variety of views that have been called presentist in the literature, and list fifteen

candidate definitions of presentism that capture at least some of those views.

They then argue that there is no definition or ‘theoretical core’ consistent with

all of the views listed. So whenever one suggests a definition for presentism, one

excludes at least some theories that have been called presentist in the literature.

Tallant and Ingram consider, and reject, reasons for prioritising some of the so-

called ‘presentisms’ above others. They conclude that attempts to formalise the

definition of presentism are misguided. Every candidate definition considered

by Tallant and Ingram is a positive one. As it had not been defended before, they

of course do not consider the (¬T4D) definition.

Tallant and Ingram’s argument is compelling. I agree that the term ‘pre-

sentism’ is, and perhaps always has been, applied to a wide and inconsistent

variety of views. As I see it, there are two paths that the philosophical com-

munity might take from here. The first is to give up on defining presentism, as

Tallant and Ingram’s argument would suggest. The term ‘presentism’ might be

relegated to the role of loose gesture, suitable only for idle chat in the tearoom,

or as a guide when introducing students to basic metaphysics. We might expect

more advanced students to avoid the term, however, and we might similarly
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avoid it in formal writing, in favour of more precise terminology. A second op-

tion available to us, however, is one of conceptual engineering.36 We might accept

that the philosophical community has failed to clearly define presentism so far,

but respond to that confusion by steering the community towards a definition

that is more useful. We might view the inconsistencies in the use of ‘presentism’

not as a sign that the term should be avoided, but rather as an anticipatable

teething issue for a phrase that is still establishing itself in the lexicon of the

modern philosopher. Instead of warning advanced students to avoid the term

‘presentism’, we might instead warn them that older texts use ‘presentism’ in a

fairly loose way, prior to the community settling on a consistent definition.

I believe there are advantages to this second path, even if there is a certain

arbitrariness in our ultimate choice of definition. With so many temporal views

out there, it makes sense to engineer methods of categorising them, and when

so many find ‘presentism’ to be a useful term in the lecture room there is a nat-

ural desire to carry that terminology over to formal writing. So there is intuitive

appeal in steering the community towards a clear definition of presentism, even

if such a definition is currently lacking. If the reader finds themselves swayed

by Tallant and Ingram’s arguments, then I invite them to consider a negative

definition of presentism not because it arises ‘naturally’ from some shared core

belief held by presentists, but rather for the more pragmatic purpose that it can

aid us in our discussions moving forward. All we might ask of a definition is

that it includes many of the views called presentist in the literature; that it sat-

isfies many people’s intuitions about presentism; and that it works, in the sense

that it avoids the problems that positive definitions of presentism are troubled

by. To that end, I would suggest that there are still good reasons to adopt the

(¬T4D) definition. In the rest of this section, however, I will make a stronger

36For more on conceptual engineering see Isaac (2020) and Chalmers (forthcoming).
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argument: I believe there might be good grounds to prioritise some so-called

‘presentisms’ over others, unlike Tallant and Ingram claim. In particular I will

argue that theories that contradict (¬T4D), but which have been called presentist

in the literature, might be rightly classified as non-presentist theories of time.

In §2.2 I discussed several views wherein only the present exists, but there

is in some sense a past and future. To say that a fourth dimension exists within

these theories might be too simplistic. Within some approaches, the dimension

does exist, but the nonpresent times located along it are either empty, or exist

to a lower degree. Within other views, the dimension spans some things that

exist, and some that do not. By adopting a Meinongian metaphysics, say, these

theorists maintain that nonpresent things have temporal locations despite not

existing. Do such views contradict (¬T4D)? Certainly it seems that some of them

do. As I wish to avoid delving into the sort of being that nonexistents might have

within Meinong’s jungle, I will assume that all of these views are excluded by

(¬T4D), and so are excluded from the presentist camp.

While these theories might be perfectly workable in their own right, I do not

believe that they should be understood as presentist, and so I am content to de-

fine presentism in a way that excludes them. I have two reasons for holding this

view. Firstly, the notion that the past is out there, unseen but existent (or close to

it), stretched along a fourth dimension that is conceivable in theory but invisible

in practice, seems to me to directly violate the basic intuitions that presentism

is founded upon. Even if the past is empty, or even if it only enjoys a second-

order existence, there still seems to be a genuine sense in which these theories

posit an extensive four-dimensional universe, in a similar fashion to the eternal-

ists. While such theories might address some of the presentist’s problems, such

as the truthmaker objection, they are also likely to lack some of the supposed

virtues that presentists seek: a simpler ontology than eternalism, say, or a closer

46



correspondence between ontology and intuition. So while these theories might

have one of traditional features of presentism - only the present exists simpliciter

- they fail to satisfy many of the intuitions surrounding presentism, as well as

many of the aims that motivate presentism. I am hopeful that the reader might

share some of my intuitions about what presentists believe and aim for. We

must bear in mind the lessons from Tallant and Ingram (2021), however, who

rightly question whether these intuitions about presentism are universal. On its

own, this first reason for excluding these views is likely insufficient.

Secondly, however, I suspect that these views could be more comfortably

classified as moving spotlight theories (MSTs), introduced in §1.1.1. A four-

dimensional ontology with a ‘spotlight’ appeals to the intuition that while there

are many times (in some sense), the present is objectively privileged. This seems

to be exactly the view that four-dimensional so-called ‘presentisms’ appeal to.

There is also a fair bit of room within MSTs to understand this privilege or high-

lighting of the present in a number of different ways. Within a minimal version,

for example, the spotlight might only be associated with a single property, be-

ing present, that objects gain and then lose in succession.37 Deasy (2015) and K.

Miller (2019b) argue, however, that there is reason to think that the spotlight

could alter a larger number of an object’s properties. We might think that as

the spotlight moves across an agent, for example, it alters not only that agent’s

presentness, but also some of the mental properties of that agent.38

If the spotlight’s movement over a time could alter various different features

of the things contained within it, then there is room to propose particular MSTs

where the spotlight alters features relating to existence. I would suggest that

the four-dimensional ‘presentisms’ from §2.2 could be understood as theories

37I discuss this characterisation of MSTs further in §4.3.1.
38This idea is drawn on to respond to the epistemic objection, flagged in fn. 26, §1.1.1. For more

on this response see Forrest (2004) and Heathwood (2005).
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of this kind. If there was a four-dimensional universe with a moving spotlight,

and that spotlight altered whether an object had the property of existence, then we

would have Meinongian ‘presentism’. If instead the spotlight altered ground-

ing relations, such that every object outside of the spotlight was in some sense

grounded by those things within, then we would arrive at a theory were only

the present exists simpliciter, but other things exist in virtue of the present. We

could just as easily suggest a theory where the spotlight alters the degree of an

object’s existence. Finally, the spotlight’s arrival at a time could somehow make

that time become momentarily populated with objects.39 Many times exist, in

this view, but all nonpresent times are empty. Overall, I would suggest that

these four-dimensional ‘presentisms’ should be classified as MSTs instead, and

so I am comfortable defining presentism in a way that excludes them. I do not

mean to insult these theories by classifying them in a different way. They might

be perfectly reasonable MSTs, or failing that, perfectly reasonable theories fit-

ting neither into presentism, nor the moving spotlight. Regardless, I consider

any view where nonpresent times are out there to be fundamentally at odds with

presentism. The definition I propose is built to capture this intuition, elevating

it to be presentism’s essential characteristic.

A final view to consider is the theory that only the present exists, but it is

thick, with a nonzero temporal width.40 On the one hand, if the present had a

large width - a day, say - then that would contradict (¬T4D), but such a view

would not intuitively be presentist either. At the other extreme, the width of

the present might be very small: we can even consider a present that is atomic,

spanning only a single quantum of time. Such a view is intuitively much closer

to presentism, but it is also less obvious whether it violates (¬T4D). Would a

39Explaining how this occurs is a serious issue, whether the theory is classified as a MST or not.
40For views of this kind see Hestevold (2008) and Baron (2012).
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quantum of time have any extension? Would it invoke a fourth dimension? Even

if these questions are difficult to answer, they do not undermine (¬T4D) as the

arbiter by which we determine which views are presentist. It is not startling to

find views that are nearly presentist, but not quite; nor to find views that are

similar enough for it to be vague as to whether they are presentist or not. One

can anticipate ‘close calls’ for any definition of any philosophical theory. Yet,

I would suggest that (¬T4D) continues to serve as a good compass for making

judgements about such views. After all, if a theory seems close to presentism, it

might well be because it posits temporal extension that is close to nonexistent.

2.5. Conclusion

I have argued that a negative definition of presentism is superior to the positive

definitions defended elsewhere. Rather than attempting to define presentism

using terms that the presentist herself, arguably, does not make room for (such

as ‘times’), it would be better to define presentism as a denial of temporal exten-

sion, or temporal dimension(s). Though I think there is a good case to be made

for this negative approach, I do not regard it as settling the debate over whether

presentism should be defined precisely at all. Once we have a clear idea of the

best available definition of presentism, we can better consider whether steering

the community towards adopting that definition is the best way forward, or

whether we should instead resign to thinking that, as Tallant and Ingram put it,

such a scheme can provide ‘no pay-off’ (2021, p. 21). For my own part, however,

I am inclined to believe that there is a pay-off, and that a negative definition of

presentism can deliver where other, positive definitions have failed. For the rest

of the thesis I will assume that presentism should be understood in this way.
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Chapter 3: Presentism and Truthmaking

Abstract

One of the most serious criticisms facing presentism is that it might be

incompatible with any acceptable system of truthmaking. If there is no

past, how could there be truths about the past? In this chapter I introduce

a new theory of presentism, which addresses this problem in a novel

way: by simply denying that there are any truths about the past. While

prima facie unintuitive, I argue that a sensible presentist philosophy of

this kind can be described, as long as it is accompanied by an appropriate

system of physics. I also briefly explore how this view could allow us to

interpret fundamental physics in new and interesting ways.

3.1. Introduction

In this chapter I introduce a new philosophy of time, hard presentism. I then

defend that philosophy by outlining some important links between presentism

and fundamental physics. I will prioritise the philosophical questions facing

hard presentism, so discussions of physics will mostly be limited to that which

is essential for describing the theory. With that said, one of the attractions of

hard presentism is that it may open up new opportunities for interpreting quan-

tum mechanics. This is a possibility that I will nod to here, and then explore in

more detail in chapter 5. In §3.2 I will outline the truthmaking objection to pre-

sentism, and indicate the new angle that my own theory takes with respect to

that problem. By the end of §3.2, it will be clear that the hard presentist has

some issues to address if she is to provide an intuitively acceptable answer to

this objection. In §3.3, I will show how these problems of truth and intuition

can be recast as a problem for presentist physics. This will pave the way for a
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discussion of that physics, and the solutions it provides, in §3.4. I then respond

to some of the main metaphysical objections to hard presentism in §3.5. Before

I begin, there are two initial issues worth mentioning.

Firstly, it is worth acknowledging the objections based on physical science

that presentists already face from outside of the field of quantum mechanics.

Physicists often model the universe using relativistic spacetime. Within that

framework, key features of presentism are missing: there is no objective present

time, and no robust temporal passage. In chapter 1 I introduced eternalism, a

temporal ontology that closely matches this spacetime structure. The eternalist

proposes that all entities throughout time exist within a four-dimensional block

universe. While the eternalist might talk of ‘change’ by comparing one part of

the block to another, the block as a whole undergoes no change, with all future

events already existent and fixed. Presentism, on the other hand, is sufficiently

different from this four-dimensional picture that it stands accused of outright

contradiction with relativity theory. Whether presentism or other A-theories

can or cannot be defended from these objections will be addressed in chapter 4.

In the meantime, the discussions of physics in this chapter will be limited to

non-relativistic quantum theory.

Secondly, it is worth warning the reader that hard presentism does clash

with some of our basic intuitions about truth and the past. Many readers may

only be inclined to take the theory seriously once it has been introduced in full,

since particular links between presentism and physics must be spelled out be-

fore these intuitive concerns can be properly addressed. I leave most of the dis-

cussion of these problems to §3.5. With that said, my discussion of truthmaking

in §3.2 should clarify why presentists might be tempted to explore some new,

unintuitive approaches to truth, and by the end of the chapter I hope to have

presented a theory that successfully navigates that possibility.
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3.2. Presentism and truthmaking

It is generally acknowledged that there must exist a close connection between

truth and ontology.1 This connection is often thought to take the form that truth

supervenes on being: that which does or does not exist must determine which

statements are or are not true.2 This principle serves presentists well enough

when considering the present, since the present exists, and truths can follow

from that. The truthmaking objection to presentism is the claim that presentists

are unable to account for true statements about the past.3 The intuition behind

this objection is clear enough: if the past does not exist, then past truths cannot

supervene on being in the same fashion as present truths.

There have been two main lines of response from the presentists. The first

approach, known as upstanding presentism, is to propose some kind of presently-

existing entity that grounds truths about the past. The second approach, known

as nefarious presentism, expands the principle of truthmaking in a manner that

allows for some statements to be true independently of that which exists. Both

of these approaches look to retain an intuitive set of true statements about the

past. I will briefly examine each, and the objections that they have faced, before

considering approaches to presentism that do not retain those intuitive truths.

1There is a related question concerning what truths themselves are. I will assume that statements
are the bearers of truth-value, but the same arguments could be made of propositions, beliefs,
etc. I am inclined to understand truths loosely in terms of language or semantics, rather than as
abstract existing things, but this will not be important for the arguments made here. For more
on theories of truth and debates about ontology see Ramsey and Moore (1927), Field (1972),
Grover, Camp, and Belnap (1975), Walker (2017), Ray (2018), and Shieh (2018).

2See Baia (2012), Fine (2017), and Cameron (2018).
3Similar problems arise for truths about the future, under presentism or the growing block. See
Briggs and Forbes (2010). There has been debate about whether there are such truths ever since
Aristotle’s sea battle in De Interpretatione, so it will be most instructive to focus here on the past.
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3.2.1 Upstanding presentism

Within upstanding presentism, a statement like ‘Ceasar crossed the Rubicon’

is true, but not because Ceasar and the Rubicon exist ‘out there’ in the past.

Instead, it is true because of presently-existing proxy entities, standing in for

Ceasar and the Rubicon within the truthmaking process. For a start, presentists

might claim that the everyday physical present grounds truths about the past,

a position known as reductive presentism.4 While past truths would seem to be

connected in some way to presently-existing things, and particularly to things

like records, evidence, and memories, the claim that the former are made true

by the latter can lead to some intuitively strange results. For example, it would

seem problematic to think that ‘I had porridge for breakfast’ is true because there

exists an apparent memory of porridge in my head. If anything, the explanatory

arrow would seem to run in the opposite direction: I remember breakfast because

I truly ate it.5 It might also be the case that different possible pasts could have

led to the same physical state of affairs today. The everyday present therefore

only contains broken information about possible pasts, which is handy enough

in practical life, but which cannot provide the kind of one-to-one grounding

needed to produce a single set of determinate past truths.6 So when it comes to

past truthmaking, the present alone won’t do: the upstanding presentist must

instead look to abstract alternatives.

Many abstract proxy entities have been advocated for: Lucretian properties,7

4So called by Bourne (2006b). Keller (2004) attributes this view to St. Augustine.
5Caplan and Sanson (2011, p. 202) discuss similar problems for other upstanding presentisms.
6I will discuss in §3.5.1 whether the everyday present might be sufficient to ground some broad
indeterminate truths about the past, for example ‘there was a past’.

7Properties like ‘being a universe where Ceasar crossed the Rubicon’, held presently by the
universe itself. This position has roots among the Greek stoics: see Bigelow (1996).
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thisness properties,8 temporal distributional properties,9 and ersatz times,10 to

name a few. Most of these options run into a pair of similar criticisms. Firstly,

these abstracta are accused of being too unusual or ‘dubious’ to be acceptable

extensions to our ontology.11 At the very least, these seem to be worse ways of

extending our ontology than proposing that the past exists, since the concrete

existence of past entities may be a more acceptable form of being than we can

grant to these abstract proxies. Secondly, upstanding presentists are accused of

violating the aboutness principle: that is, that truths must be grounded by the

entities that those truths are about.12 The critics claim that the introduction of

proxy entities reduces our claims about the past to mere claims about present

abstracta, or in the reductive case, to mere claims about the concrete present. In

either case, it is not obvious that something other than a past entity can make a

statement about a past entity true.13

3.2.2 Nefarious presentism

The nefarious presentist argues that statements about the past are capable of

being true independently of that which exists.14 To allow for this, she proposes a

principle of tensed supervenience, which allows for a statement to be true in virtue

of that which exists, or in virtue of that which existed.15 To say that an object

8Properties like ‘being Ceasar’, also known as haecceities. This property comes into existence
with Ceasar but lingers afterwards, haunting the universe to this day. See Ingram (2016; 2019).

9Properties like ‘being Ceasar-then-being a corpse-then-being dust’, held presently by the dusty
remains of Ceasar. See Cameron (2011). See Corkum (2014) and Tallant (2014b) for critiques.

10Sets of propositions pertaining to a particular time. All of these propositions are said to exist
themselves as abstract entities. See Bourne (2006b) and Crisp (2007).

11See Caplan and Sanson (2011). Tallant and Ingram (2015) claim that this unhappy ontology
always makes the upstanding approach less preferable than the nefarious approach.

12This objection is covered in detail by Baron (2013a).
13Dolev (2010) claims that some upstanding approaches lead to a problematic ‘double meaning’

of truth, if present truths satisfy the aboutness principle, but past truths do not.
14For a summary see Baia (2012).
15See Heathwood (2007) for a critique of this principle.
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existed is not claiming its existence at some prior location in four-dimensional

spacetime. So what does it mean, exactly? Nefarious presentists can be reluctant

to clarify this point, claiming that the tensed language invoked here is primitive

and unanalysable. ‘Caesar crossed the Rubicon’ is true simply because Caesar

crossed the Rubicon, and that’s that. It would seem that ‘Caesar crossed the

Rubicon’ is in some sense true now, however, and so it makes sense to wonder

what it means now when we say that Caesar crossed the Rubicon. Is there any

tangible difference between a world with, and a world without, this tensed fact?

There are two plausible answers. Firstly, Meinongian presentists describe objects

that existed as having some sort of being that is less than existence, but more

than fiction: a category of their own for things that merely were.16 This could

arguably be thought of as an upstanding position rather than a nefarious one,

since this new category of being looks very similar to a category of truthmaking

abstracta. Accordingly, the Meinongian presentist falls foul of the same critisms

of ‘dubiousness’ that were laid at the door of the upstanding camp.17

The second, properly nefarious position is to deny that objects that existed

have any form of being at all.18 In this case, it seems misleading to claim that

past truths are ‘made true’ by that which existed, since there is no such thing

to do that work. The principle of tensed supervenience may in this case be

reducible to the claim that past truths are made true by nothing.19 There is no

difference between a world where ‘Ceasar crossed the Rubicon’ is true, and

some other possible world where it is false, other than the brute fact that Caesar

just did cross the Rubicon. This abandonment of truthmaking for nonpresent

16See Baron (2015a) for an overview. The ‘brute past’ theory of Kierland and Monton (2007)
would also likely fit into this category.

17A Meinongian metaphysics is one where there are objects that do not exist. Criticisms of that
general metaphysics will apply to the presentist case. For a defence see Paolini Paoletti (2016).

18See Merricks (2007, ch. 6-8) and Tallant and Ingram (2015).
19If ‘made true’ means that truths bear grounding relations, then it is concerning that those

relations do not have any relata, other than truths themselves. See Baron (2013b).
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times could be problematic, since we could imagine a universe where in one

moment, Ceasar is crossing the Rubicon, and then in the next moment, it just

is a fact that Ceasar did not cross the Rubicon. If past truths are not made true

by ontology, then there is no obvious way to ensure that the set of brute facts

about the past properly matches up with events after they occur.20 Further,

some critics have claimed that past truths necessitate at least some features of

the past, even if the past does not need to exist. For example, there might need

to be some relations between past things and present things, but it is unclear that

relations are capable of holding between present entities and nothing.21

Either approach to presentist truthmaking breeds a similar sort of concern.

The presentist cannot ground an intuitive set of past truths without invoking

some extension to her ontology, but the suggested extensions are all weird, and

therefore presentist theory is at best unparsimonious, and at worst incoherent. I

will not delve into the arguments about these established theories of presentism

in any further detail here. It will be sufficient to note that these criticisms, along

with the aforementioned objection from relativity, have left few philosophers

referring to themselves as presentists today.22 Indeed, similar arguments have

been raised against any theory that objectively differentiates the present from

other times, turning many in the community away from the entire notion of an

objective or absolute present.23

20Leininger (2015) makes a similar point using a ‘One Instant Test’. If God created the universe
as it exists now, out of nothing, then it would contain the same proxies that the upstanding
presentist advocates for, or the same brute facts that the nefarious presentist advocates for.
But there should not be any past truths, in this one-instant universe!

21See Asay and Baron (2014), who also claim that nefarious presentism cannot account for past
negative existentials, such as ‘there have been no unicorns’.

22The popularity of presentism among modern philosophers was addressed in §1.1.3.
23K. Miller (2017), for example, argues that non-presentist dynamic temporal theories face an

even harder challenge when accounting for truthmaking than presentism does.
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3.2.3 Hard presentism

There is another approach available to presentists: to deny that there are any

true statements about the past or future at all. I call this stance hard presentism.24

The hard presentist can accept that truth supervenes on being, and that only

the present exists, without introducing any unusual abstracta into her ontology.

The hard presentist has none of the usual troubles with truthmaking, since she

simply denies that there are any past truths that need accounting for.25 She ex-

changes this problem, however, for a new one: she must deny the basic intuition

that there just are past truths.26 Whether this clash with intuition alone makes

hard presentism prima facie unacceptable is explored in §3.5. For now, I will as-

sume that this view is defensible if, and only if, the hard presentist can explain

how people might come to intuitively believe in past truths, and why these

beliefs are pragmatically useful. If there are no truths about the past, why do

there seem to be truths about the past? I regard this as one of the most significant

problems facing hard presentism, and the next two sections will be dedicated

to addressing it. In §3.3 I will show that, in general, a theory of physics could

explain where these intuitions and beliefs come from, provided that that theory

contains some appropriate features related to determinism and indeterminism.

I will then demonstrate in §3.4 that there are appropriate theories of physics

of this kind that the hard presentist can adopt. The aim of this chapter, then,

is to introduce a theory of presentism that avoids the truthmaking problems

that plague other presentist theories, while at least accounting for our intuitions

24In §3.5.1 I will consider whether hard presentists might believe in some indeterminate past
truths, grounded by the present. I consider this to fall within the purview of hard presentism,
since it would still involve far fewer past truths than we might intuitively believe in. This
should not matter a great deal anyway, since this will prove to be an unconvincing alternative.

25Though I am not inclined to do so, one could go even further: some have denied that there
are any truths, strictly speaking. See Soames (1999, pp. 20-56) for a critique.

26Hard presentism is often dismissed in the literature for this reason. Keller calls it ‘crazy’ (2004,
p. 88); Dummett calls it ‘repugnant’ (2004, p. 44). For an exception see Ingthorsson (2019).
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about truth, even if the theory disagrees with those intuitions on a fundamen-

tal level. While the structure of the rest of the chapter will largely focus on

the problems facing hard presentism, what will emerge from those discussions is

not only that the hard presentist can overcome these problems, but also that the

view has a number of advantages to offer when it comes to understanding truth,

and when interpreting fundamental physics.

3.3. From truthmaking to physics

In this section I will argue that there could be no past truths, but nonetheless

there would seem to be past truths, if reality was indeterministic on the micro-

scale, but approximately deterministic on the macro-scale. This claim will take

some unpacking. In §3.3.1 I clarify how determinism and indeterminism should

be understood in the hard presentist context. I then argue in §3.3.2 that, if there

were no truths about the past or future, then the physics governing our world

would be fundamentally indeterministic. In §3.3.3 I show that there would seem

to be past truths if macro-scale physics was approximately deterministic. The

challenge facing the hard presentist by the end of the section will be to establish

a believable system of physics under which approximate determinism emerges

from an indeterministic fundamental theory.

3.3.1 (In)determinism in a presentist world

Let us briefly consider what the ontology of a presentist universe looks like.

As established in chapter 2, presentists believe that concrete reality is merely

three-dimensional, and by definition we call that reality ‘the present’. I will

remain agnostic on whether presentists believe in some entities (e.g. abstracta)

that lie ‘outside of time’, rather than specifically being present. The important

thing is that there is no temporal extension. Explicitly past entities, as well as
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future ones, are not out there. In order to avoid an ontology that is confined to

a single, unchanging three-dimensional world, however, presentists must also

believe in some form of robust temporal passage. I noted in §1.3.1 that passage is

difficult to describe in a precise or noncircular fashion.27 For now let us assume

that passage can be defined without invoking the existence of, or truths about,

nonpresent times. There simply exists some evolving three-dimensional objects.

This notion of passage is instrumental when understanding the role of physics

within presentism. Physicists are concerned with describing reality, including

the way that reality evolves over time. Physicists often do this by appealing to

natural laws, each of which constitutes a rule or limitation on how things can

change.28 Accordingly, every law of nature can be understood by the presentist

as a law governing how passage works. To say that there is a natural law L is

simply to say that passage exists in a manner described by L.

I wish to consider whether hard presentists should adopt (in)determinism.

The notion of determinism I refer to here is often called causal or nomological

determinism, though these terms can be misleading, since causal determinism

is generally not defined with respect to causal relations, or to truths about which

events caused which.29 Rather, determinism is a view about how the laws of

nature work, and about what the laws, along with the complete state of affairs

at one time (i.e. the present), do or do not necessitate, or imply, or determine,

or logically entail. Determinism is also generally not defined with respect to an

27See Deasy (2018a) for a summary of and defences against objections to A-theoretic passage.
See also Norton (2010), who acknowledges that describing passage is difficult, but cautions
against using this as a reason to disregard passage as unreal.

28The metaphysical status of these laws is a controversial topic. Certainly, the hard presentist
cannot understand laws in terms of relationships between events at different times. As I
discuss in §3.4.2, the hard presentist may simply have to treat passage as primitive, and then
ground the laws in that primitive passage. I will not address this issue any further in this
chapter, but for a summary, and a modern critique of laws, see Filomeno (2019).

29See Earman (1986, p. 5). I will follow the modern trend of simply calling this ‘determinism’,
in line with basic resources on the subject such as Hoefer (2016).
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existing past or future, or with respect to truths about them. As I will explore in

§3.3.2, it might follow from determinism that there are truths about the future,

but the initial definition of determinism merely involves the laws, the present,

and what can be derived from them. To this end, it will be helpful to distinguish

what in practice truly occurred or will occur, from what in theory the present

could evolve into, or out of, given what exists now. To say that a state S could

in theory have evolved into the present is simply to say something about the

laws and the present; it is not to say that S exists,30 nor that S truly occurred.31

We can then understand reality to be deterministic if there is just one unique

way in which the present could in theory evolve, given the laws of nature are the

way that they are. Mathematically, deterministic laws only provide one way to

develop data from a given instant. Conversely, reality is indeterministic if there

are multiple, mutually-inconsistent ways in which the present could in theory

evolve. Mathematically, indeterministic laws provide several ways by which

data from an instant can be developed, perhaps due to probabilistic terms within

those laws. Note that, as I have defined it, indeterminism is a combination of

both under- and over-determination: the present state could, in theory, evolve

into a variety of future states, and out of a variety of past states.32

As I noted above, one way of understanding an indeterministic world is to

posit that the laws of nature are probabilistic, such that some courses of system

evolution are objectively more likely than others. I will discuss how the hard

presentist understands objective probability in the next section. For now it will

30How can we make sense of S, if no S exists? We might adopt the terminology of Barbour
(1999, ch. 2) who talks of each time (in this case, the present) as containing a time capsule, an
intrinsic representation as of things occuring before and after. Ismael (2002) questions why
Barbour does not believe in one time capsule, one existing moment. In a manner of speaking,
this is exactly the hard presentist view. For more on Barbour’s position see Butterfield (2001).

31Some readers might wonder whether the fact that S could in theory have evolved into the
present might make it true that S could have happened in the past, which seems to be a truth
about the past. I address such indeterminate past truths further in §3.5.1.

32For more on overdetermination specifically see Sider (2003).

60



pay to define approximate determinism as the scenario where reality is funda-

mentally indeterministic, but on a large enough scale there emerges a strong

probabilistic preference towards one course of evolution, or towards a narrow

set of similar courses of evolution. An approximately deterministic world will

appear to be deterministic to those observers who cannot discern low-likelihood

or small-scale indeterministic effects. It may be pragmatic for such an observer

to assume and act as if the world is deterministic, even though it is not. This

will be important when we consider why humans assume and act as if there are

past truths, even if there are none.

3.3.2 Hard presentism and indeterminism

The hard presentist denies that there are any truths about the past or the future.

Intuitively, this position seems to favour an indeterministic worldview, since

both hard presentism and indeterminism treat nonpresent times as open, in at

least some sense. If reality were deterministic, however, then the aboutness ob-

jection and the problems with explanation discussed in §3.2.1 would indicate

that the present still could not ground truths about the past. There may also be

a form of openness about the past that is distinct from what is determined by

physics: consider for example last-Thursdayism, the thought experiment where

the entire universe popped into existence last Thursday, complete with deter-

ministic laws of nature. Whether this occurred is a question about the past that

even deterministic laws, in combination with the present, cannot answer.33 So

perhaps there is room for the hard presentist to deny that there are any past

truths, but nonetheless maintain that the laws are deterministic.34 Although

this position cannot be obviously ruled out, I still regard it as a very difficult

33See Barnes and Cameron (2008) for several arguments suggesting that nonpresent truths are
distinct from determinism, bivalence, or even the existence of nonpresent things.

34This is emphasised in the discussion of hard presentism by Ingthorsson (2019, pp. 61-63).
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position for the hard presentist to adopt. I would argue that indeterminism is a

strongly preferable position for the hard presentist, for two main reasons.

Firstly, the hard presentist could be failing to take truth seriously if she

claims that the laws only allow for the present to evolve from one past, and

into one future, but nonetheless it is not true that that past occurred or that fu-

ture will happen. ‘“The sun will rise tomorrow” is true’ should mean more than

the mere assignment of a truth-value to a statement, without any relevance to

the rest of the world. Perhaps it should mean that the sun’s rise tomorrow is

certain, or unavoidable, or fixed, or something along those lines. If the hard pre-

sentist adopts determinism, then she might be admitting that claims about the

future are indeed certain, unavoidable, or fixed, and so to nonetheless deny that

those claims are true might be failing to take truth seriously. While determinism

is not sufficient to ground truths about nonpresent times, worldviews containing

the former but not the latter still seem to be problematic.

Secondly, adopting presentism could make indeterminism itself an easier

position to maintain. I noted earlier that indeterminism might invoke a notion

of objective probability, but many indeterminists have only been able to make

sense of such probabilities by positing the existence of unusual modal entities,

branching spacetimes, or possible worlds.35 In §3.4 I discuss how indetermin-

ism is understood within quantum mechanics. For now, it is worth recognising

that while probability plays a major role in the mathematics of quantum theory,

modern interpreters have often been reluctant to accept objective probability

into their theories. Everettians avoid it; de Broglie-Bohm theorists generally

do the same;36 GRW theorists sometimes attempt to avoid it, with questionable

35See McCall (2009) for an example in the context of quantum mechanics.
36Bohm described quantum systems as ‘determined by definite laws, analogous to (but not

identical with) the classical equations of motion’ (1952a, p. 166). While indeterministic ver-
sions have been proposed, as well as similar theories such as that of E. Nelson (1966), it is often
regarded as a strength of the view that it avoids indeterminacy. See Callender (2007, p. 359).
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effectiveness;37 and QBists, content with an epistemic description of the wave

function, remain agnostic on whether reality behaves probabilistically beyond

our knowledge of it.38

The presentist’s belief in passage allows for her to make sense of objective

probability without these complications. To see how this works, consider a dif-

ferent approach to objective probability that avoids introducing possible worlds

or branching spacetimes, that is the propensities approach.39 Propensity theorists

posit the existence of physical properties that give objects the tendency to un-

dergo probabilistic change. Note the similarities between propensities, and the

notion of passage that the presentist is already committed to. Though it is likely

not a property, passage is also some physical feature of a system that imbues

it with the tendency to change. Just as the propensity theorist establishes ob-

jective probability as a feature of propensities, the hard presentist can establish

it as a feature of passage: no other properties or modal entities are required.

Propensity theory has of course been criticised in the literature,40 but there are

some differences between propensities and passage that make the latter a more

promising means of understanding probability. For example, a propensity is

a two-stage property that is first unrealised, and later realised. Critics argue

that propensity theorists cannot provide a straightforward causal mechanism

by which a propensity can switch from one to the other. Passage, on the other

hand, has no second stage: it is simply happening, and requires no causal mech-

anisms of this kind. Propensities are also unlike passage in that it would seem

possible to understand them as existing at a time, separately from the changes

that they create across time. Critics then point out that if we picture an object

37Frigg and Hoefer (2007) provide a summary of the limited options for GRW theory.
38For more on QBism see Fuchs, Mermin, and Schack (2014), Fuchs (2017), and Mermin (2017).
39First introduced by Popper (1959), and then adapted by others: see Gillies (2000).
40See, for example, the twenty-one problems discussed by Eagle (2004).
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frozen at a specific time (an object-stage) then there is no clear physical feature

of that object-stage that we can point to as evidence for it having a propensity.

Temporal passage differs from this, in that it is not present when we picture an

object ‘frozen in time’. It is exactly the removal of passage that constitutes the

difference between the object-stage, and the object as it actually exists. So the

evidence for passage is more intuitive than the evidence for propensities.

Strictly speaking, then, the hard presentist’s denial that there are any past

truths does not necessarily commit her to indeterminism. However, the hard

presentist will find indeterminism to be an unusually straightforward position

to adopt, while determinism would be unusually difficult. Given that, I will

assume for the rest of this chapter that the hard presentist supports a worldview

that is indeterministic on the most fundamental scale.

3.3.3 Human experience and approximate determinism

Now I return to the question posed at the end of §3.2: if there are no past truths,

why do there seem to be past truths?41 I would posit that our beliefs about

nonpresent truths are informed by our practices of extrapolation: we take what

information we can access in the present, and use it to build a story of past and

future events. I might believe that ‘I ate porridge for breakfast’ is true because

I extrapolate it from the apparent memories of porridge presently in my head,

and from the porridgy dishes presently in the sink.42 I will avoid any serious

discussion of human evolution or psychology in this section, by assuming that

agents such as human beings would engage in retrodiction and prediction, and

41There has been some recent work on whether people might not believe that there are past
truths, or at least whether the sentences we utter might not express as much, and express
non-cognitive attitudes instead. See K. Miller (forthcoming).

42Or, strictly speaking, from the sensory experience I have as of seeing porridgy dishes. A
person can only presently access information at her location, within her own brain, so even
our sense experiences are a form of retrodiction. This is discussed further in §3.5.1 and §4.2.2.
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base our beliefs on those practices, if doing so was pragmatically useful: if,

for example, those practices and beliefs helped us to anticipate the effects of

passage. I would also posit that these practices would be most useful to us if

they gave us a fairly specific story of the past or future. I retrodict that I ate

porridge for breakfast, and I might intuitively believe that to be true, because

there is a fairly precise story of that kind that I can extrapolate from the present.

I cannot and do not predict from the present anything specific about what a

stranger might have for breakfast three years in the future, however, and so I

am less intuitively inclined to believe in truths about that event.

Now consider how these practices of extrapolation would play out in an

approximately deterministic world. An agent with perfect information about the

laws and the macroscopic present B could extrapolate, in theory, a story of past

and future events that would be tightly clustered around a specific macroscopic

past A, and a specific macroscopic future C. In practice, agents such as humans

work with very limited information about B, and at best a working theory, be-

lieved implicitly more than explicitly, about how the passage of time works.

So we can expect the extrapolative practices of humans to often diverge from A

andC. With that said, approximate determinism ensures three important things

when it comes to the retrodictions and predictions made by humans. Firstly, it

ensures that we could plausibly represent quite specific stories of A or C, if our

powers of extrapolation were sufficiently strong, and if we were representing

simple events from the recent past or future. Our powers of retrodiction, at least,

might meet this standard, since we have access to time-asymmetric processes

like memory formation that make retrodiction easier than prediction.43 So we

43The hard presentist can readily explain why our apparent memories are past-oriented: it is
simply possible to form mental states representing events that, in general, can be expected
to change fairly little as a result of passage. Other more widely-acknowledged explanations,
like the entropy-asymmetry of memory formation, could also be relevant. See M. Barrett and
Sober (1992) for a discussion of the relationship between memory and entropy.
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might expect that our retrodictions of basic events from the recent past would

be tightly clustered around A. Secondly we expect that, the more information

we consider, the more our extrapolations should approach a small cluster of

possible pasts/futures, even for complex or distant events. In this context, our

retrodictions and predictions would appear to be approaching a single, true ac-

count of the past and future. Thirdly, any significant disagreements between

the extrapolations of different agents would be much more likely to be a result

of faults on behalf of those agents, than to be a result of indeterminism.

In this scenario, there would seem to be past truths, at least to macroscopic

agents such as human beings. Approximate determinism ensures that there

is a sharp peak in the states that are likely, in theory, to evolve into or out of

the present, and this would translate into a sharp peak in our retrodictions of

the past. Any discrepency between this peak of possible pasts, and a single,

determinate past truth, would be sufficiently small-scale or sufficiently unlikely

that it would go unnoticed in our everyday lives. The steady convergence of our

retrodictions, as we consider more and more information, would appear to us

to support the notion that there are specific past truths that we are converging

towards. It would therefore make sense for us to assume that our practices of

prediction and retrodiction were practices in calculating what the truth is, not just

practices in calculating what is or is not consistent with the present. The hard

presentist can therefore explain why we intuitively believe in past truths, even

though there are no past truths, so long as she can support a system of physics

wherein the macroscopic world is approximately deterministic. On the face of it

this is a trivially easy problem to solve, since it is accepted by physicists that the

behaviour of the macroscopic world is approximately deterministic. As we saw

in §3.3.2, however, the hard presentist supports a fundamentally indeterministic

worldview, so she cannot explain the determinism we see on a macroscopic
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scale simply by declaring the world to be deterministic in general. The hard

presentist instead needs to put forward a believable system of physics, wherein

approximate determinism emerges on a macroscopic scale from a fundamental

physics that is indeterministic. This is not a trivial exercise, but as I will show

in the next section, it is certainly still an achievable one.

3.4. Hard presentist physics

The core purpose of this section is to show that there are acceptable systems of

physics that the hard presentist can support, under which reality is fundamen-

tally indeterministic, but macroscopic reality is approximately deterministic.

Fortunately, many thinkers have already proposed interpretations of quantum

mechanics that satisfy this requirement. Unfortunately, these interpretations of-

ten only succeed in describing reality in this way by committing to controversial

or unintuitive ontologies. In §3.4.1 I will summarise these interpretations, and

the challenges that they face. While adopting one of these theories could still be

a viable option, there is also reason to be vigilant for new opportunities to inter-

pret quantum mechanics in more intuitive indeterministic ways. I believe that

hard presentism itself may open up opportunities of this kind. For that reason

there is a second purpose of this section, which is to briefly explore what a new,

explicitly presentist understanding of quantum theory might look like. Across

§3.4.2 and §3.4.3 I will outline a toy model, which will exemplify the new op-

tions that hard presentism might allow for. I will revisit this subject in greater

depth in chapter 5. §3.4.4 will detail how both the old and the new approaches

to quantum theory give rise to approximate determinism on the macro-scale. In

this area the toy model shows promise, since it may be capable of explaining

approximate macro-scale determinism in a more straightforward fashion than

those interpretations that have come before.
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3.4.1 Established indeterministic interpretations

Quantum mechanics is, at its core, a probabilistic theory. While some argue that

this probability is merely a sign that the theory is underdeveloped, or that it is

merely an indication of what experimenters can know, I am not alone in feeling

inclined to take this probabilistic character at face value, interpreting it to mean

that there really is randomness and indeterminism in the mind-independent

world.44 Accordingly, there are several indeterministic interpretations of quan-

tum mechanics, from the simplistic version of the Copenhagen interpretation

typically taught in an undergraduate physics class, to more complete interpreta-

tions such as GRW theory,45 Nelsonian Mechanics,46 and the consistent histories

interpretation.47 These interpretations often describe reality as indeterministic

by describing objects themselves as existing in states of superposition. A parti-

cle is in some sense distributed across multiple locations at once, before some

indeterministic process of collapse causes the particle to settle on one location,

or another, based on probabilities inherent to that superposition state. While

there have been several attempts to describe what these superposition states

look like, they remain difficult to intuitively understand, and seem to mix the

concepts of probability and physical matter in a problematic way.48 The notion

that matter exists in a states of superposition is also quite divorced from how

most people would intuitively understand indeterminism. When we think of an

indeterministic world, we would generally think of a world where matter exists

44Falkenburg and Weinert (2009) summarise some historical perspectives on this issue.
45Which, as originally posed by Ghirardi, Rimini, and Weber, describes systems using ‘a

stochastic behaviour having classical features’ (1985, p. 10).
46This is, in essence, an indeterministic version of de Broglie-Bohm theory. See E. Nelson (1966)

and Bacciagaluppi (1999). I return to this theory in §5.2.2.
47For a summary of the consistent histories approach see Griffiths (1984).
48Leifer (2014) summarises the debate around this issue. See also Monton (2002), who objects to

the 3N-dimensional space that these superposition states supposedly exist within.
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in a certain, intuitive way, but something like the future, which does not exist,

is what is thought of as open and indeterministic. The future might be modelled

using wave functions, superpositions, and other probabilistic machinery, but

existing, present things should not be understood in that way. Established in-

deterministic interpretations of quantum mechanics generally cannot replicate

this intuition of a determinate present and an open future, since they treat a sys-

tem’s state at a given time as simply described by a probabilistic superposition,

or not, regardless of whether that time is past, present, or future.

Nonetheless, the hard presentist could still support one of these established

interpretations. This would ensure that her physics is indeterministic on a fun-

damental scale, but might also commit her to believing in superposition states.

These interpretations yield approximate determinism on the macroscopic scale,

but as I will discuss in §3.4.4, they only succeed in doing so by introducing

further complications into their ontologies. So while supporting one of these

views would accomplish what the hard presentist is after, I think this misses

an opportunity to understand indeterminism in a more intuitive fashion. The

hard presentist already draws a distinction between the existent present, and

the nonexistent past and future, which may make it possible for her to posit an

indeterministic world, without positing that objects exist in an indeterministic

‘state of being’. I am therefore not satisfied to merely lean on established inter-

pretations as a way of justifying hard presentism. The hard presentist requires

an interpretation of quantum mechanics in order to make her theory workable,

but there is also some indication that she may be able to offer something in this

field, since she provides an opportunity to differentiate the probabilistic ele-

ments of a system from ontology. The next two subsections will introduce this

idea in brief, and in chapter 5 I will explore it in more detail.
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3.4.2 Toy model: pseudo-classical presentist quantum mechanics

In this subsection I will outline what a new, hard presentist theory of quantum

mechanics might look like. I will initially focus on outlining the assumptions

underpinning this toy model, without comparing that model to any established

quantum theory or mathematics. In §3.4.3 I will analyse the physics in more

detail, in order to provide some assurance that this toy model could recreate

the experimental outcomes that established quantum theory predicts. In both

subsections, I will focus on how the toy model describes microscopic systems,

while questions about the macroscopic will be left until §3.4.4. As I indicated

in §3.4.1, my aim is to describe the world as indeterministic, without positing

that objects exist in states of superposition. Accordingly, the toy model in this

section will be built on three core assumptions:

(1) There exists only a single set of classical, three-dimensional objects.

(2) Everything that exists undergoes primitive temporal passage.

(3) Passage is mathematically described by indeterministic laws of nature.

Within this model, present, time-derivative-independent properties of particles

such as position and orientation have single, determinate values.49 Properties

that depend on time-derivatives such as velocity and spin are trickier to under-

stand in a hard presentist world. As noted in §3.3.1, the presentist posits that

passage is occuring, and therefore she accepts that particular past and future

states could, in theory, evolve into or out of that which exists now. While there

is no true answer to a question like ‘where was the particle?’, there is a true

answer to ‘what past position states of the particle could, in theory, precede

this present state?’. (3) ensures that there are several, mutually-inconsistent

49I discuss ontologies of this kind in further detail in §5.2.
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accounts of a particle’s past that are consistent with the present, and we can

assume (as per §3.3.1) that the laws will provide us with a way to weight some

pasts as more probable, and others as less so. The physicist can understand

her theories through this lens, if she understands time-derivative-dependent

properties like velocity to relate a system’s current state to those past states that

could, in theory, evolve into it, as opposed to its true past state. If the physicist

understands time-derivative-dependent properties in this way, then she will de-

scribe a particle’s velocity using a wave function: a set of weighted possibilities

about where a particle might have come from, or might be going to, based on

what exists presently. So a microscopic system is understood to be certain and

classical as it exists presently, but all of its past and future behaviour is modelled

using wave-like mathematics. As a result, particles can generally be expected to

move by constantly changing directions at random, though some directions are

more probable than others.50 Whether or not this model agrees with the predic-

tions of quantum mechanics will depend on which courses of system evolution

are more or less probable. Before I move on to that discussion, however, I will

note two important points about the ontological assumptions listed above.

Firstly, I recognise that some readers may have concerns about the role of

passage in this toy model, since passage is relied upon to do a lot of work in the

theory, despite being a difficult concept to define. As emphasised in §1.3.1, this

is not an issue that I will tackle in depth. Within the toy model, passage is taken

to be some primitive sense in which the universe and/or every object within

it is changing. These changes are, intuitively enough, changes in each object’s

position and orientation and the like, but the reader might fairly wonder what

it is that these changes are occuring with respect to. The best answer that can

50This dynamics is typical of hidden-variables interpretations, which I discuss in chapter 5. More
speculative modern theories that feature similar dynamics include those of Ellis and Goswami
(2014), built around a growing-block, and Gao (2017, pp. 80), who describes classical particles
undergoing random discontinuous ‘jumps’ even in properties such as position.
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be given is a circular one: they are occuring with respect to time, where time

is by definition a variable that observers invent to track the changes created by

passage. Time does not exist independently of this: it is a fictional fourth di-

mension used by observers to understand passage, despite reality being only

three-dimensional.51 This circular definition is a consequence of passage being

primitive within the toy model. Attempting to explain what passage is, beyond

our intuitions and experiences of passage, ends up being as difficult as asking

what a physical object is beyond our experiences of them. So it is admittedly

difficult to analyse passage in any great detail, given its primitive status in the

model. To some extent, the willingness of the reader to accept passage as fun-

damental may rest on whether that reader shares the intuition that passage is a

basic phenomenon of everyday life, as it is often claimed to be.

Secondly, it is commonly assumed that within presentism everything that

exists is simultaneous with everything else that exists, and that time passes in

a direction. These assumptions would make sense if one was trying to isolate

a present time within four-dimensional spacetime. In that context the objective

present is modelled as a three-dimensional hypersurface of simultaneous events,

which moves through spacetime in a particular direction. These assumptions

are not sensible, however, in the three-dimensional world of hard presentism.

While one might intuitively call the set of objects that exist ‘the present’, or claim

that those objects are ‘simultaneous’, claims of this kind do not differentiate

some objects from others. Presentness and simultaneity are redundant concepts

here: there is just a three-dimensional set of things that exist.52 Further, since

time does not exist as a variable or axis, it is not sensible to describe it as having

51The idea that the variable of time is unreal, but change is not, is expressed by Barbour (2009).
He describes change occurring to a three-dimensional universe without the need to invoke
objective durations of time: exactly what I propose within this presentist toy model.

52I discussed presentness in chapter 2, and I return to simultaneity in chapter 4.
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a ‘direction’. Where a creative eternalist imagines reality ‘going backwards’ in

time, the hard presentist can at most imagine reality if passage happened to

create the opposite changes than it usually does. Even on this ‘opposites day’,

there is no sense in which passage is occurring forwards or backwards: passage

is simply occurring. I explore the consequences of this in §5.4.3.

3.4.3 Understanding quantum systems within the toy model

The toy model could provide the hard presentist with the indeterminism that

she is after, so long as she can rest assured that it agrees with the predictions

of accepted quantum theory. As it turns out, agreement between the toy model

and quantum mechanics can be achieved in a straightforward way, as there

is already an established formalism of quantum mechanics which models the

evolution of quantum systems in a sufficiently similar fashion. Within the path

integral formalism,53 the probability of a system evolving into a final state from

a given initial state depends on a weighted integral sum across all the possible

paths that could lead from the latter to the former. Within the toy model, the

question of where a system might move to in the next, infinitesimal moment

takes the same form as it does within the path integral formalism: we consider

all paths from the present state to each possible future state, and use them to

calculate how the system is likely to evolve. Specifically, the probability p(x)

that a system will evolve into a given state x in the immediate future is given by:

p(x) =
1

Z

∫
All paths

exp(
iS

~
)x0

Where Z is a normalisation factor, S is the classical action, and x0 is the sys-

tem’s initial (present) state. In English, this calculation sums up contributions

from every possible path by which the system could progress into state x from

53Introduced by Feynman (1948). See §5.3.2 for a more detailed discussion of this formalism.
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its current state x0. Each path’s contribution to the sum is determined by that

path’s action, which is in turn calculated from a non-local potential. So this toy

model is an explicitly non-local one: where a particle is likely to move next is

immediately determined by the entire environment that it is in, in a way that

incorporates interference, uncertainty principles, and other familiar quantum

mechanical effects. Overall, particles move in the manner indicated earlier: they

repeatedly change direction at random. That random movement is weighted,

however, in a manner consistent with established quantum theory.

This toy model is not unlike de Broglie-Bohm theory, which also describes

particles as ‘little balls’ moving in a chaotic manner. That interpretation is gen-

erally taken to be deterministic, however, and it also draws no distinction be-

tween past, present, and future when modelling quantum systems. At all times,

a system is understood by the de Broglie-Bohm theorist using a wave function,

and a set of hidden variables describing the system’s determinate state.54 The

toy model, on the other hand, represents past and future states using only a

wave function, while the present state is represented using a determinate state

and a classical potential, but no wave function.

At this stage the reader might lack an intuitive idea of how systems function

within this toy model, even if they accept that the mathematics of path integrals

could be carried over in some appropriate way. Systems can be understood

more clearly by representing, at key points throughout an experiment, which

past states could in theory have evolved into the present. Assuming that the

laws involve conserved quantities such as momentum, we can take each ‘pos-

sible past’ and extend it slightly into the future, assigning to each extension a

complex weighting. We can model the evolution of a system by analysing which

54This raises questions about whether the wave function exists in the form of a ‘pilot wave’ or
‘guiding field’, as proponents of the theory such as Bell (1982) believed. Dürr, Goldstein, and
Zangh (1992) give a summary of this historical context. I return to this subject in chapter 5.
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Figure 3.1: The double-slit experiment. In (a), P traverses just one slit, whether
a measurement occurs or not. Later, if a measurement occurred as in (b) then
P travels without interference. If no measurement occurred, as in (c), then the
system is equally inclined towards possible pasts through either slit. P moves
according to an interfering sum of both alternatives.

possible pasts it might evolve in accordance with. In general, we expect particles

to move in an erratic fashion, constantly changing direction without conserving

momentum. The most likely movements, however, will be those that conserve

momentum from the directions that those particles are most likely to have come

from, unless interference effects cause some paths to be suppressed.

To see how this works, consider a double-slit experiment. A particle P is

incident on two slits, and then a screen. If no measurement occurs at the slits

then P self-interferes on the other side, and this is detected when P hits the

screen. The particle seems to traverse ‘both slits at once’, displaying a wave-

like nature. Should a measurement occur at the slits, we find that the particle

only traverses one, and also that the interference effects are removed from P ’s

dynamics. Much debate has occurred over whether measurement ‘collapses’ P

from a wave-like entity to a particle-like one, or whether P simply does not fit

either description properly, and bears both wave- and particle-like properties.

The toy model explains this experiment in the manner depicted in Figure 3.1.

P is particle-like in the present, but all of its behaviour in the past and future

is modelled using wave-like mathematics. When it is incident on the slits P
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merely traverses one of them, so the fact that we see this upon measurement

requires no explanation or ‘collapse’. Once P has moved on from the slits, its

behaviour depends on whether there is a measuring device. If there is, then

some 1025 other particles are arranged like so, which (nonlocally) affects the

evolution of P . The system will strongly favour courses of behaviour consistent

with P traversing one particular slit, over the other, to such a degree that all

visible interference is removed, and so P progresses as if it had only traversed

the one slit. If there is no measuring device, however, then no presently exist-

ing entities cause the system to favour one slit over the other. The system has

‘forgotten’ which slit P came through. The system proceeds according to an

interfering combination of both options, since paths through either slit could,

in theory, have evolved into the present. This evolution is mathematically de-

scribed by the path integral equation, and includes interference effects, which

we witness when P hits the screen. This illustrates how hard presentism could

allow for a new understanding of quantum behaviour. P moves in accordance

with an interfering sum of paths through both slits, not because it exists in some

kind of superposition between both locations, but rather because P has an open

past, just as it has an open future. Hard presentism is unique among theories of

time, in that it models the past as open in exactly this fashion.

3.4.4 Macroscopic determinism and decoherence

So far, I have outlined two approaches that hard presentists could take in or-

der to establish a fundamentally indeterministic ontology: they could adopt an

established indeterministic interpretation of quantum mechanics, or they could

adopt something along the lines of the toy model. Either way, hard presentists

also need to establish that the macroscopic behaviour that emerges from that

fundamental theory is approximately deterministic. On the scale of everyday
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human experience, the laws must be such that one particular course of system

evolution is overwhelmingly more likely. As I discussed in §3.3.3, this would

produce a world where our retrodictive practices would converge, producing an

overarching impression that there are truths about the past.

Although it is understood a bit differently by the presentist, this problem

of microscopic indeterminisim and macroscopic determinism has already seen

a great deal of attention within the literature on quantum mechanics, where it

is known as the measurement problem.55 Already, many have questioned why

the microscopic world behaves in a way that is described by probabilistic wave

functions, whereas macroscopic physics is at least approximately deterministic

and certain. It is exactly this problem that the hard presentist needs to solve,

if they are to bridge the gap between an indeterministic fundamental physics,

where there are no past truths, and an approximately deterministic macroscopic

physics, where there is an appearance of past truths. The measurement problem

is a significant problem to tackle, and is perhaps better understood as three

distinct but interrelated problems. One must explain, for macroscopic systems:

(A) Why is there no interference between states?

(B) Why do systems appear in one state, and not in a superposition of many?

(C) Why do systems only appear in states of a preferred basis: that is, in states

familiar to classical physics, rather than in mixtures of those states?56

For example, quantum theory might describe a particle’s position as distributed

between the two locations X and Y . That particle will be represented by a

superposition of the states X , Y , and normalised mixed states like (X + Y ) and

(X − Y ). As the particle evolves, these states will interfere with one another. In

55For an introduction to this problem see Zurek (1991).
56See Galvan (2010) for a summary of this problem.
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macroscopic systems, however, we see to at least a high level of approximation

that (A) there is no interference, (B) systems exist in just one state, and (C) that

state could be X or Y , but never one of the mixed states. Explaining these

differences is something that every interpretation of quantum mechanics must

deal with, so possible answers to the measurement problem are not difficult for

the hard presentist to find. This is, however, another area where established

indeterministic interpretations of quantum mechanics run into difficulties.

Firstly, note that (A) is answered by quantum mechanical decoherence.57 This

is the process by which path interference is exponentially suppressed as a sys-

tem expands to include larger numbers of entangled objects. While there might

still be multiple states in the wave function of a system, decoherence establishes

that a measured system, or any macroscopic system, will exhibit a separation of

states. Each path in the wave function will be approximately deterministic, and

will not interfere or share states with the other paths. Yet problems (B) and (C)

remain: multiple paths feature in the wave function, and some consist of mixed

states rather than pure ones.

Those who lean on established interpretations of quantum mechanics will

find it difficult, but ultimately possible, to answer (B) and (C). Typically this is

accomplished through some extra mechanism, differing for each interpretation,

which involves either a real or merely apparent collapse of the wave function

to a single, unmixed state. GRW theorists, for example, introduce spontaneous

collapses of the wave function, such that each particle bears a small chance of

collapsing from moment to moment. This collapse is contagious, in the sense

that a collapsing particle will collapse other particles entangled with it. The

probability of spontaneous collapse is small enough to go unwitnessed in quan-

tum experiments, but great enough that macroscopic systems undergo collapse

57Introduced by Zeh (1970), who illustrates this separation of states in the EPR paradox.
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almost continuously. Everettians, on the other hand, claim that there is no col-

lapse, and all of the states of the wave function survive measurement. The ap-

pearance of collapse comes from observers themselves being entangled with the

systems they observe, restricting them to seeing just one of the ‘many worlds’.

Steps (B) and (C) of the measurement problem are often where these theories

bring out their most controversial or difficult claims. With that said, every in-

terpretation of quantum mechanics does still have an answer to this problem.58

Regardless of which you pick, they do all ultimately agree that macroscopic be-

haviour is approximately deterministic. So if she is willing to accept the more

controversial features of one of these theories, then the hard presentist can rest

easy that the macroscopic world will be approximately deterministic within her

fundamentally indeterministic ontology.

The toy model from earlier could have an advantage here. Recall that the

toy model describes the world as indeterministic, without positing that any-

thing exists in a state of superposition. Instead, the toy model features a single,

certain, unmixed present state: the particle is at X , not a superposition of both

X and Y , and not a mixed state like (X + Y ). This ontology alone provides the

toy model with an answer to (B) and (C), without introducing any new, contro-

versial commitments. Recall that decoherence ensures that the wave function

is separated into approximately distinct states. Because these states are non-

overlapping, there will be approximately one path - one possible past, and one

possible future - that could in theory have led to, or follow from, the certain state

that is present. All other paths will be heavily suppressed, simply because of

decoherence, combined with the fact that a single, certain present exists. This

answers problem (B). One can also simply stipulate that the present exists in

58Of course, each answer also faces its share of criticism. For an overview see Wallace (2008).
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classically ‘pure’ states like X , and not (X + Y ), solving problem (C).59 While I

will not linger on this issue any further, there is at least some reason to believe

that the model proposed here, and expanded on in chapter 5, could yield an

approximately deterministic macroscopic world in a straightforward way.

With that said, the toy model does not yield a fully deterministic evolution for

measured systems: it merely yields a ‘sharp peak’. Several established interpre-

tations also retain small uncertainties on the macro-scale, including some of the

theories mentioned in §3.4.1. These views are challenged by macroscopic realists,

who argue that macroscopic entities must be entirely classical, without any of

the uncertainty seen among the microscopic.60 I consider much of the intuition

behind this theory to stem from the discontent that physicists and philosophers

alike have had with theories that describe matter as purely ‘wave-like’, even

up to the macro-scale.61 The toy model reconciles these concerns in a unique

way. On the one hand, the only objects that exist are certain and particle-like.

There exists no probabilistic, wave-like entities, on any scale, which more than

satisfies the intuition underpinning macroscopic realism. On the other hand,

the uncertainty inherent in the past and the future means that any experimental

tests of macroscopic realism should continue to yield probabilistic results, since

all experiments must operate over some finite time scale. This handily explains

why ongoing tests of macroscopic realism have continued to yield probabilistic

results on larger and larger scales.62

59This mirrors how many de Broglie-Bohm theorists approach the measurement problem. See
Holland (1993, ch. 8). Problems (B) and (C) vanish if the outcomes of measurements are de-
termined by corpuscles, a point that I discuss further in §5.4.1.

60Noninvasive measurement has also traditionally been included in this definition, but this has
recently been questioned: see Hermens and Maroney (2018).

61A more precise argument for why wave-like microscopic entities are insufficient as a founda-
tion for macroscopic phenomena is outlined by Leggett (2002).

62These tests often focus on the inequalities laid out by Leggett and Garg (1985). See Emary,
Lambert, and Nori (2014) for a summary of modern tests, and Zhang et al. (2018) for recent
anti-realist results on the scale of classical optics experiments.
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Overall, either an established interpretation or the toy model should be able

to answer the hard presentist’s needs. Either approach can be used to establish

an ontology where on a fundamental level, there are no truths about the past

or future, and reality is indeterministic; but on the scale of human experience,

there is an appearance of past truth, and reality is approximately deterministic.

We expect the macroscopic universe to evolve in a predictable way, with any

significant probabilistic variation limited to the quantum scale.63

3.5. Metaphysical objections to hard presentism

At this stage, hard presentism has been outlined as a philosophical theory, and

I have explored the indeterministic physical theories that could accompany it.

I will leave a proper discussion of presentist quantum mechanics to chapter 5.

The rest of this chapter will focus on examining metaphysical issues facing hard

presentism. Importantly, this discussion of physics has established that the hard

presentist does have an explanation for why people have apparent memories,

and why our practices of prediction and retrodiction tend to converge around a

single story of the past. This occurs because there is a narrow peak among the

past and future states that could, in theory, evolve into or out of the state that

the present is in, for any given macroscopic present state. Accordingly, we could

expect that macroscopic agents like human beings would intuitively believe in

past truths. By establishing this, the hard presentist has at least proved that

past truths are not indispensible when explaining everyday human behaviour.

The opponent of hard presentism must look to other sorts of criticisms, two of

which I will examine here.

63It is plausible that the probabilities associated with ancient macroscopic events might be less
convergent. While every particle might imply something about the big bang, for example, that
implication might be vague enough that multiple nontrivial accounts of the big bang could,
in theory, have evolved into what exists now. I return to this point in §6.2.2.
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3.5.1 Objection 1: past truths are Moorean

Moore claims to know that he has hands,64 to a greater degree of certainty than

he could ever know any premise of a philosophical argument. He knows this

truth simply by looking in front of himself. Of course, eyesight does not func-

tion instantaneously: light takes time to travel to the eye, and nerves take time

to transmit signals to the brain. Perhaps what Moore should really be claiming

is that he knows that he had hands, a fraction of a second ago. If this is indeed a

Moorean truth, then it is an example of a past truth that cannot be denied. There

are plenty of other examples of claims about the past that seem to be obviously

and intuitively true, particularly those concerning the recent past, such as ‘you

read the start of this sentence’. One might be tempted to simply declare such

truths as Moorean, and reject hard presentism outright. Beyond any specific

truths about past events, one might be tempted to posit some Moorean truths

that are more broad-reaching, for example ‘there was a past’ or ‘things used to

be different’. One might also wonder if the overarching claim ‘there are truths

about the past’ is a Moorean truth, even if there are no specific truths about the

past that are themselves Moorean. If any of these specific or generalised cases

are examples of Moorean truths, then the hard presentist is in trouble.

Of course, many reject that there are Moorean truths. It can prove diffi-

cult to define what a Moorean truth even is, without ‘T is a Moorean truth’

reducing to a series of independent judgements about whether particular scep-

tical arguments against T are successful or not.65 To avoid being dispensible,

this talk of Moorean truths may need to invoke some stronger notion of truths

that are immune to sceptical arguments. A common method of accomplishing

64The audacity! While this is his most famous example, Moore’s (1925) essay focuses more
heavily on other examples, particularly of past truths. This leads him to claim that time is real,
in some sense, and that there must be, and we must know, at least some truths about the past.

65See Kelly (2005) for criticisms of this kind, and some defences.
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this is to posit some special epistemic category for truths that can be known

directly, without appealling to any reasoning or evidence that a philosophical

argument might refute.66 Introducing such a privileged epistemic category is

certainly controversial. I would suggest that, even if there were past truths,

they would be poor candidates for a privileged epistemic category of this kind.

Our access to past truths (if they exist) comes through extrapolation from the

apparent memories and evidence that we have access to in the present. Even

if I am undeniably experiencing myself as having hands, I only extrapolate from

that experience that I had hands a fraction of a second ago. These extrapolative

practices seem to generate a fairly indirect sort of knowledge: they involve a

kind of reasoning, not totally divorced from philosophical reasoning, and they

seem to rely on grounds and evidence, just as philosophical arguments might.

So it would seem odd to claim that our knowledge of the past is somehow above

philosophical argumentation, or immune to sceptical critique.

Moore would likely believe that hard presentism could not be reconciled

with human knowledge, since he maintained that humans know at least some

truths about the past. I will make exactly the opposite claim: hard presentism

not only avoids conflict with human knowledge, but actually aligns with it better

than those theories that include past truths. Other theories posit a set of ‘under-

lying truths’ about the past, even though human beings never encounter any

such thing. What we do encounter is information in the present, and we make

judgements from that information about what the present could have evolved

from. The hard presentist understands the past in exactly the same fashion.

The degrees of uncertainty invoked by the hard presentist also agree well with

human knowledge. Consider ‘the sun rose this morning’. Though this claim

66White (1986) points out that Moore himself took this position, one that was then criticised
by Wittgenstein (1969), who considered such belief without reasoning to be important as an
action or practice, but to have little relevance to notions such as knowledge or truth.
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seems obvious, we can all admit that there is a tiny chance that our knowledge

on this matter is unreliable. Are you 100% sure that the sun rose this morning?

Of course not: it might be more realistic to say that you are 99.99...% sure. The

hard presentist denies that there are any past truths, but she is happy to con-

sider how likely, in theory, the present would be to evolve from a past where

the sun rose. Her probabilistic weighting would be of a similar scale: close to

certainty, but never quite there. The hard presentist only assigns significant un-

certainty to micro-scale scenarios, like when comparing ‘the sun rose there this

morning’ with ‘the sun rose an atom’s width to the left of there this morning’.

I doubt that many people would have strong intuitions about claims on that

scale, so many may be willing to accept that there is significant indeterminacy

in comparisons of that kind.

Hard presentism leaves us (alethiologically) with no more or less than what

we (epistemically) already have. The present implies a 99% weighting for one

option, and a 1% weighting for another, with no certain truth beyond those

weightings.67 If one accepts that the universe only contains entities of the kind

that humans could, in theory, know about, then it is reasonable to think that

the universe contains no more certainty about the past than humans could, in

theory, discover. So when other presentists are criticised for their abstract proxy

entities and odd systems of truthmaking, and when the critics suggest that we

return to the entities of regular human experience, I claim that by the very same

reasoning the hard presentist can sensibly deny that there are truths about the

past. We must confront the simple fact that determinate past truths are not a

feature of regular human experience at all. What we experience are apparent

records, memories, and the extrapolative practices we build upon them. Hard

presentists can account for all of that without invoking any notion of past truth.

67I therefore suspect that the view’s everyday implications are minor. I return to this in §6.2.3.
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A final option worth considering is whether the hard presentist could accept

some indeterminate past truths: statements that do not require a specific fact-of-

the-matter about past events in order to be true. A statement about the past

might be true if and only if there is no possible order of events that could lead

to this present without that statement being correct: in that case, the very fact

that the present is a certain way might be enough to make that statement true.

Statements involving the limits of logic or the laws of physics, such as ‘I was not

in a different galaxy 3 seconds ago’, might be made true just by the fact that I am

here, now. Broad statements like ‘there was a past’ might be made true merely

by the fact that time is passing. Many intuitive indeterminate truths don’t make

the cut, however. ‘Things used to be different’ cannot be true, so long as there is

a nonzero probability associated with the past where nothing has ever changed.

While this approach might preserve some intuitive truths, there remain familiar

problems when trying to ground past truths in present reality. For example, it

is unclear what these indeterminate truths are about, if there is no past. Even if

there were a small number of indeterminate past truths that could be grounded

in the present, this does little to change the hard presentist’s overall position:

they deny a great many intuitive past truths, whether it is all of them, or just

most of them. For that reason, I maintain that there are simply no past truths.

Accommodating a few indeterminate past truths does little to make this theory

any more intuitive, and is probably more metaphysical trouble than it is worth.

3.5.2 Objection 2: hard presentism is too unintuitive to be acceptable

In the previous section I emphasised that hard presentism describes truth about

the past as similar, in some sense, to the knowledge that human beings have

concerning the past. In both cases, there is only truth or knowledge about what

could, in theory, evolve into what exists now. There is no truth or knowledge
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that is directly about the past. With that said, even if hard presentism features

some sort of agreement between knowledge and truth, I will stop short of try-

ing to claim that hard presentism is intuitive. On the contrary, I sympathise with

those who have intuitive concerns about the view, especially when intuition is

often posed as a core motivation for presentism, as discussed in §1.1.2. Even if

there were no knock-down arguments to prove hard presentism false, it might

be the case that other theories of time are, for the most part, much more intu-

itive. If that were so, then it might be difficult to establish any kind of motivation

for adopting hard presentism in the first place.

These competitors have intuition problems of their own, however, which are

worth comparing to the problems facing hard presentism. The phenomenon

of passage, for example, has typically been a sticking point for other temporal

views.68 Within eternalism, the perspective of a person is modelled as a world

line: a connected series of points in spacetime. There is no sense in which you

objectively ‘move along’ your world line from a start to a finish; nothing to

describe the experience of an approaching future or a receding past. Such an

experience is often regarded as a basic, intuitive everyday phenomenon,69 and

seems to be reflected in the way that we think about time, and the language we

use to describe it, as I discussed in §1.1.2. The eternalist must somehow account

for this experience of passage. There are two main approaches: firstly, the eter-

nalist might claim that our experience of passage is an illusion. Some mental

process gives rise to passage phenomenology, despite passage being unreal.70

Secondly, the eternalist might claim that we do not experience passage at all,

but instead we mistake our experiences for those of passage due to some form

68Of course, I noted in §1.3.1 that presentists also have problems with passage, but here I talk
about the phenomena, or our experience as of temporal passage.

69Though claims of this kind about passage or dynamism have been challenged experimentally:
see K. Miller (2019a), and Latham, K. Miller, and Norton (2020; 2021; forthcoming).

70Ismael (2016) discusses some of these theories, and puts forward one of her own.
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of cognitive error.71 In either case, the eternalist requires a theory of psychology

to account for passage. While our supposed experience of time’s passage may

have roots in wider physical phenomena, ultimately the eternalist must link

these phenomena to the conscious mind,72 or in some other way establish an

illusion or misconception of passage.

The literature on temporal psychology is limited by our modest grasp of

psychology in general. There are, predictably, several competing theories, each

of which is at best plausible rather than proving to be particularly likely.73 It is

worth comparing this issue to those raised by hard presentism. In either case, if

we all intuitively believe in passage/past truths, then each of these theories must

establish a convincing illusion of passage/past truths. The eternalist leans on

one of several contested psychological theories to explain their illusion, while

the hard presentist uses features of quantum theory such as decoherence. I leave

the reader to decide whether they would prefer a theory that denies the veracity

of our experience of passage, or a theory that denies the veracity of our belief

in past truths. Nonetheless, I would argue that hard presentism is defensible,

despite its clashes with intuition, since other theories of time also clash with

our intuitions, and may encounter just as much difficulty when attempting to

explain those intuitions away. I also noted in §3.4 that certain features of hard

presentism, like an open past, could help to explain why quantum systems be-

have in unintuitive ways. It is plausible that an overall worldview combining

hard presentism with an explanation of this kind would be no less intuitive than

other temporal views, combined with other interpretations of quantum theory.

71See K. Miller, Holcombe, and Latham (2018) for two theories of this kind.
72Hartle (2005), for example, links time-asymmetric entropic processes with the perspective

of a simplified ‘robot’ mind. His ‘IGUS’ model has been picked up by others as a way to
understand this problem: see Ismael (2017). The level of consciousness needed for an observer
to perceive passage will depend on the psychological theory in question.

73Pooley (2013) criticises a number of theories; see Ismael (2016) for a response.
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3.6. Conclusion

Until now, few within the philosophy of time have seriously considered deny-

ing that there are truths about the past. Some of this reluctance might stem from

the imposing task of explaining where our past-oriented beliefs come from, and

why predictions based on those beliefs tend to serve us well. Hard presentism,

when coupled with an appropriate understanding of physics, rejects past truths

while successfully accounting for the consistent, predictable macroscopic world

that we live in. With this in mind, the behaviour of the macroscopic world does

not drive the hard presentist to believe in past truths. Instead, the fact that the

microscopic universe is so chaotic and inconsistent is exactly the evidence she

needs to believe that there are no past truths at all.

Hard presentism opens up interesting new lines of thinking when it comes

to interpreting quantum mechanics. One may be able to understand the in-

determinacy of quantum systems in terms of the indeterminacy of the past and

future, a subject that I will return to in chapter 5. When it comes to metaphysics,

hard presentism bears a starkly different set of advantages and disadvantages

to other forms of presentism, which could make it an attractive option for those

who are sympathetic to the view, but who harbour concerns about the extra

complications that often arise in the presentist’s ontology or alethiology. At the

very least, this view should be considered seriously alongside other theories of

presentism, and indeed it may have several advantages over and above them.
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Chapter 4: Presentism and Relativity

Abstract

Special and general relativity are often thought to be incompatible with

temporal A-theories. In this chapter I expand on the assumptions under-

pinning this problem, and provide a more complete statement of it than

has been provided elsewhere. I then investigate an assumption that has

gone unquestioned in the literature: that, if there is an absolute present,

there must also be absolute simultaneity among past things. I argue that

A-theorists can deny this assumption, and instead defend a past that

more closely resembles relativistic spacetime, which ultimately resolves

any conflict with relativity. I also give reasons to prefer this defence over

the others that A-theorists have attempted.

4.1. Introduction

Temporal A-theories posit a mind-independent, non-relative, global distinction

between past, present, and future.1 I will call this distinction absolute. In the

ontology of an A-theory, all entities in time are either absolutely past, absolutely

present, or absolutely future. In §1.1.1 I introduced some of the best-known

versions, namely presentism (only absolutely present things exist), the growing

block theory (only absolutely past and present things exist), and the moving

spotlight theory (absolutely past, present, and future things exist).2 Each of

the A-theories also posits some form of robust temporal passage, whereby that

which is present changes as time passes by.

1My definition of ‘A-theory’ may not match all of those elsewhere: e.g. some may not require
this distinction to be global. For more on defining A-theories see C. Williams (1996). See also
Fine (2005), who supports a form of realism about tense without positing an absolute present.

2Though it is uncommon, one could defend other combinations. Norton (2014) for example
considers a shrinking block theory, wherein only absolutely present and future things exist.
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Problematically, this absolute distinction between past, present, and future

is entirely absent from some of our best theories of physics. Special relativity

(SR) and general relativity (GR) are particularly thought to favour other views,

or even contradict the A-theories outright. I will call this the problem of relativity,

which I will introduce in §4.2. As one of the most serious objections facing the

A-theories, this problem has already been discussed at length in the literature,

but I will argue that it has previously been posed in an incomplete way. I will

provide a more comprehensive version, making explicit several underlying as-

sumptions that have been overlooked elsewhere. In particular, I will argue that

there are two problems of relativity: one about observations of simultaneity, and

another about how simultaneity exists in the world. Examining these problems

will allow for me to produce a taxonomy of existing A-theoretic defences, and

it will also reveal a significant new line of defence that has yet to be considered.

In §4.3 I explore this response. I argue that A-theorists should be reductionists

about (co)presentness. Under this view, pairs of present things are by definition

copresent, but there is no further primitive copresentness relation. This leads to

a view where present things are simultaneous by definition, but there fails to

emerge any larger notion of absolute simultaneity among past or future things,

which ultimately accounts for the absence of such simultaneity from relativistic

physics. This defence is accessible to a variety of A-theorists, provided that they

can accept the particular view of (co)presentness that I defend.

4.2. The problem of relativity

In this section I expand on the problem of relativity. In §4.2.1 I raise concerns

about how the problem has been posed in the literature. I then provide a more

detailed version in §4.2.2, before reviewing some known responses in §4.2.3.
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4.2.1 The problem in the literature

SR and GR share a lot in common, when it comes to questions about presentness

and simultaneity. Both theories predict, for example, that observers can have ir-

resolvable disagreements about which observed things were simultaneous with

which. For now I will assume that the lack of absolute simultaneity in SR, and

the problems it creates for A-theories, is in all relevant ways similar to the lack of

absolute simultaneity in GR and the problems that issue from that. For simplic-

ity, then, I will focus on SR. Events and the relations between them are modelled

within SR using the four-dimensional manifold of Minkowski spacetime, M. I

will treat M as a model specifically connected to SR. To say that something is

represented ‘in’ M is to say that it is directly relevant to relativistic physics; that

the rules of SR tell us how it behaves. M is not to be conflated with reality more

broadly, even if there are similarities between the two, so where appropriate I

will refer to things represented in M as events, as distinct from existing objects.3

Events in M are assigned spatiotemporal coordinates once a reference frame

has been selected. Because no one frame is singled out as correct, events are not

taken to have absolute coordinates, nor to be absolutely past, present, or future.

I will refer to any two events with the same temporal coordinate, for a given

frame, as being simultaneous in that frame. When A-theorists posit an absolute

present, we might expect that to imply that certain pairs of events in M are

absolutely simultaneous, but the laws of SR dictate that judgements of simul-

taneity will differ between frames. Two events that are simultaneous in one

frame will be temporally separated in others. There is no absolute simultaneity

in M, nor any division of M into absolute times. If M is, loosely speaking, an

accurate depiction of reality, then this could create trouble for A-theorists.

3I adopt this convention for simplicity, not to take a stance on whether there exist such things
as events. For more on that subject see Prior (1962) and Lowe (2013).
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Of course, it goes without saying that A-theorists reject that M is, loosely

speaking, an accurate depiction of reality. Presentists believe that reality is

three-dimensional, while growing block and moving spotlight theorists posit

a four-dimensional world with an edge or spotlight respectively. All A-theorists

believe that some features of reality are not found in M, and/or that some fea-

tures of M are not found in reality. This is not, itself, controversial. There are

no obvious references to ethics or aesthetics in SR, for example, but this does

not imply that there are no ethical or aesthetic facts.4 Nonetheless, it is note-

worthy that all A-theorists must adopt some form of scientific anti-realism about

M. The A-theorist will likely accept that M is a useful model, which tells us

something about reality. They will argue, however, that certain limitations on M

prevent things like reality’s edge from being explicitly represented in it. This

will require careful justification: after all, simultaneity and presentness are un-

like ethics and aesthetics in that we might expect a theory of physics like SR to

tell us about them, unless some clear limitation prevents it from doing so.5

In parts of the literature, this anti-realism issue has been underappreciated.

Classic papers on the problem of relativity often focus on features of M, without

explicitly engaging with the question of how M relates to reality. Perhaps the

first version was tabled by Gödel (1949), who argued that SR was inconsistent

with an ‘objective lapse of time’. He claims that ‘the assertion that [any] events

A and B are simultaneous... loses its meaning’ (p. 557), without distinguishing

between events in the models of physics, and events (or objects) in reality. He

conflates these, without justifying why this is allowable. Rietdijk (1966) argued

4See Zimmerman (2008). Proponents of Humean supervenience might argue that ethical/aes-
thetic facts supervene on mass distributions like those represented in M, so there are represen-
tations of these facts too. Nonetheless, M might still fail in some way to mimic reality perfectly.

5Dolev argues that physics never has or could incorporate tense, the now, or the passage of time:
‘it’s one thing to assert that physics says nothing of passage because passage simply is not
part of the language of physics... It’s another thing to say that physics speaks of passage and
establishes, as a matter of scientific fact, that it is not real’ (2018, p. 463).
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that, for similar reasons, SR is incompatible with indeterminism.6 From the first

paragraph, he launches into a discussion about events in relativistic spacetime,

without addressing how to convert this into a discussion about concrete objects.

So while he might prove that events in M are determined, in the context of that

model, he does not specify the assumptions needed to conclude that reality is

determined. The first explicit argument for the incompatibility of SR with a

modern A-theory (presentism) is likely that of Putnam (1967). He asks us to

‘assume Special Relativity’ (p. 242), before analysing which events are ‘real’ for

various observers in M. Presentists would reject that observers are in M in the

first place, however: they would not adopt Putnam’s breed of scientific realism.

While SR is troublesome for A-theorists, one must not conflate assuming SR in

some sense with assuming that M is a broadly accurate picture of the world.

Instead, to properly state the problem one must explicitly note the assumptions

needed to connect a lack of simultaneity in M with a lack of an existing present.

Modern papers on the problem take this issue more seriously, though there

is still an underappreciation of the diversity of anti-realisms that A-theorists

could consider. This narrowness of argumentative scope can be intentional.

Savitt (2000), for example, poses the problem purely in terms of the features

of M, which he conflates with features of reality. He only properly considers

counter-arguments that involve redefining existence or simultaneity within M.

This is understandable given that the purpose of the paper is to rebut Hinchliff

(1996), who suggests such a view. Yet the reader is left wondering whether

many A-theorists would accept that reality mimics M in this way.

In other cases, this narrowness seems less intentional. Maxwell (1985) raises

a similar argument to Rietdijk (1966), in this case against probabilism. Maxwell

argues that probabilism is incompatible with SR ‘interpreted realistically’, but

6Rietdijk’s definition of indeterminism differs from the modern standard: he takes an event to
be determined if ‘it is already “past” for some one in our “now” ’ (1966, pp. 341-342).
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notes that it would not conflict with ‘a more modest, phenomenalistic version

of special relativity’ (p. 24). He does not elaborate on this, but to my mind the

image is one where SR only describes observations and phenomena, without

informing us about the underlying nature of time.7 This is the opposite extreme

to that of Savitt (2000), but it is still restrictive. After all, there could be many

ways of being an anti-realist about M: A-theorists might accept that SR tells

us something about time, and that M bears some similarities with reality, rather

than being naught but a predictive tool. These similarities might be of a sort,

however, that are consistent with an absolute present.

More recently, Wüthrich (2013) has discussed the problem of relativity for

ersatz presentism. As noted in §3.2, this camp posit the existence of ersatz times:

sets of abstract propositions about the unreal past and future.8 Wüthrich claims

that ‘SR asserts a certain structure of space and time’ (p. 3). He seems to assume

that, to avoid conflict with SR, presentists must accept that the set of ersatz

times straightforwardly mimics M even if reality does not, so that presentism

‘partitions M into past, present, and future events’ (p. 2) and asserts the reality

of only the present ones. Again, this fails to account for the diversity of possible

responses to this problem. Even ersatz presentists might reject that the structure

of ersatz times exactly mimics that of M. They could instead argue that there

are some similarities between them, but also some important differences.

In general, previous analyses of the problem of relativity have treated anti-

realism about M as fringe view, but I have argued that all A-theorists commit

to anti-realism in at least some form. We can therefore expect many A-theoretic

7This reading of Maxwell might be somewhat extreme, but for SR such instrumentalism is far
from unheard of. Brown discusses this in depth, claiming that ‘the Minkowskian metric is no
more than a codification of the behaviour of clocks and rods... In general relativity, on the
other hand, the gµν field is an autonomous dynamical player, physically significant even in the
absence of the usual “matter” fields’ (2005, p. 9).

8For more on ersatz presentism see Bourne (2006b) and Crisp (2007).
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defences to invoke limits on what SR can tell us about presentness, simultaneity,

and reality in general. These defences will challenge whatever assumptions are

needed to conclude that, because there is no absolute simultaneity in M, there

cannot exist an absolute present. Of course, these assumptions linking reality

to our best science might turn out to be quite intuitive, and so the challenges

against them might be quite unintuitive. Nonetheless, it is worth recognising

these assumptions explicitly when setting up the problem.

4.2.2 Stating the problem

Let us assume, for now, that the A-theorist does not wish to deny that SR is a

well-confirmed theory of physics. In some basic sense, she accepts or assumes

SR, but what is it exactly that such an A-theorist must commit to? Because SR is

confirmed by observations, it seems that she must at least accept that SR gives

a good account of our observations in the context of physics experiments. It

will pay to examine what a ‘good account’ means here. After all, SR does not

account for some aspects of our observations. Not being a theory of the mind,

it does not describe what it is like to experience observations, to see colours or

to hear sounds. More relevant to SR is (A) that we represent, on the basis of

those colours and sounds, the occurrences of particular events, and (B) that we

represent causal, dynamical, and topological properties and relations among

those events. We are interested not only in the light the astronomer sees in her

telescope, nor only in the supernova that she represents to have emitted that

light, but also in the broader geometric system that she represents observed

supernovae as situated within. To accept SR is to accept that this geometric

system should be M. Let us say that if, on the basis of observations and with

our best physics in mind, we represent some entity, property, or relationX , then

X is represented through observation. If the A-theorist accepts SR, then she accepts
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that absolute simultaneity relations are not represented through observation.

What else must the A-theorist accept, in light of this? This will depend on

the constraints restricting what relativistic observations can tell us about reality.

I will highlight a constraint here that has not seen much discussion in this con-

text: that our observations are backward-looking. When making an observation

we take something in the here-and-now of the observer, like light in the physi-

cist’s eyeball, and we extrapolate a representation of the past. This is pertinent

for observations of distant things, like supernovae, but is equally true at close

quarters, where we represent the very recent past.9 So when a growing block

theorist, for example, represents some X through observation, she represents X

in the body of the block, not the edge. If she accepts SR, then she accepts that we

represent past things, through observation, as situated in M. This says nothing

yet about real past events, nor present or future events, since further assumptions

would be needed to conclude that those are situated in a similar way.

With that said, there is a dissonance between what we represent through

observation, and how observations are formed. An observation of a supernova

forms via a chain of ‘presents’: a star collapses when it is present, releasing light

that travels when it is present, hitting a telescope when it is present, and so on. In

the growing block case, observations form via a series of happenings on the edge,

though the resultant representation is of something in the body of the block.

This dissonance is usually unimportant, as we assume that properties of super-

novae when they are past, like ‘being white’, are the same as when they are

present. So we can learn about a past supernova by observing it via ‘presents’,

without needing to interact with it when it is past. But there could be exceptions

to this rule. As a bizarre example, consider a block universe where once objects

9Could we observe ourselves, our own mental experiences, as they are presently? This depends
on what constitutes an observation: perhaps an experience itself is also an observation of that
experience, or perhaps observation requires some further reflection or processing in the brain.
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cease to lie on reality’s edge, they become purple. The edge contains white su-

pernovae, but the rest of the block only contains purple supernovae. Curiously,

this would not be observable: what would reach our eyes via a series of presents

would still be white light. While this example is a silly one, it shows that if there

are features of reality whose behaviour depends on their pastness, presentness,

or futurity, then there could be limits on our ability to observe them. This is un-

likely to matter for properties like colour, but will matter more when discussing

properties like presentness, or relations like copresentness and simultaneity.10

This is just one example of how what we represent through observation

might differ from the underlying truth about the past things being observed.

Given this, I will pose the problem of relativity as two connected problems.

Firstly, would an absolute present give rise to observations representing absolute

simultaneity among past things? This will determine whether the A-theories

contradict relativistic observations outright. Secondly, would an absolute present

give rise to truths about absolute simultaneity among past things, whether or

not we observe them?11 This will determine whether A-theorists take SR to be

missing something about the true temporal structure of the past. This will then

affect how convincing their view is: for example, if A-theorists claim that there

are truths about absolute simultaneity among what we observe, but we are un-

able detect them, then that might be less persuasive than if A-theorists (or their

rivals) could claim that there is just no absolute simultaneity to detect.

Before expanding on these problems, I will finally note that there is a debate

about the relationship between (co)presentness and simultaneity. Intuitively,

10This issue has also been raised for consciousness. In response to objections by Bourne (2002)
and Braddon-Mitchell (2004), Forrest (2004) argues that agents might only be conscious in the
present, but not the existing past. This lack of consciousness would not be observable, for the
reasons given above. The notion that some properties only exist presently has been explored
further for the moving spotlight: see Deasy (2015) and K. Miller (2019b).

11This could also be posed in terms of facts, or the real past, for non-presentist A-theories.
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if two things are copresent then they are simultaneous, and vice versa. There

is scope for A-theorists to deny this, however, and instead claim that copre-

sentness amounts to another relation that is found in M. I will return to this in

§4.2.3; for now it is enough to note that in the problems below, an extra assump-

tion is needed to link copresentness with simultaneity. With this in mind, I will

state two problems of relativity. Each is a set of mutually inconsistent claims.

Observational Problem of Relativity

(1) Multiple objects are absolutely present.

(2) If (1) then there are pairs of objects that are absolutely copresent.

(3) If (2) then we would represent, through observation, pairs of past

objects as absolutely copresent.

(4) If (3) then we would represent, through observation, pairs of past

objects as absolutely simultaneous.

(5) We do not represent, through observation, pairs of past objects as

absolutely simultaneous.

Alethiological Problem of Relativity

(1) Multiple objects are absolutely present.

(2) If (1) then there are pairs of objects that are absolutely copresent.

(3’) If (2) then there are truths about which pairs of past objects were

absolutely copresent.

(4’) If (3’) then there are truths about which pairs of past objects were

absolutely simultaneous.

(5’) There are no truths about which pairs of past objects were absolutely

simultaneous.
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These problems are designed so that denying (1) amounts to denying the A-

theories, but denying (5) or (5’) amounts to denying the veracity of SR and GR.

Specifically, denying (5) means denying that SR and GR accurately describe our

observations, while denying (5’) means denying that SR and GR describe the

truth about the past things represented through those observations. Since they

accept (1), A-theorists must deny at least one other premise for each problem.12

In §4.3 I will examine (co)presentness further, but I will not attempt to deny (2):

this seems highly intuitive, and perhaps even true by definition. A-theorists

must therefore answer each problem differently: denying one of (3), (4), or (5),

and one of (3’), (4’), or (5’). Ultimately I will advocate for denying (3) and (3’),

but first I will summarise the other defences that A-theorists have attempted.

4.2.3 Responses in the literature

In this section I will examine each of (3), (4), and (5) in turn, briefly covering the

responses that A-theorists have offered. I will also note along the way which of

(3’), (4’), and (5’) these A-theorists would deny. I will not cover every response,

nor discuss any particular response in detail. I seek only to summarise some

well-known options, though I will consider whether each is, at first glance,

likely to resolve these problems in an uncontroversial way. The fact that they

do not will provide some motivation to explore a new defence in §4.3.

Let us begin with (3). Typically, A-theorists who deny (3) argue that abso-

lute copresentness exists, and is equivalent to absolute simultaneity, but is also

unobservable. It therefore does not enter into our best physics.13 Proponents of

this view tend not to identify anything that makes copresentness unobservable,

12Though perhaps A-theorists could be agnostic towards the alethiological problem, specifically.
I doubt many would opt for this, since A-theorists are in the business of making claims about
time, including whether there are truths about absolute simultaneity.

13This is not to say that our best science never invokes unobservable entities. Whether we should
be realists about such entities is a contentious point: see Hacking (1982).
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but rather they argue that there is no positive reason to think that copresentness

would be so. Markosian, for example, suggests that SR lacks the ‘philosophi-

cal baggage’ (2004, pp. 31-32) to tell us whether absolute simultaneity exists: it

merely shows that we do not observe it. A-theorists in this camp often accept

(3’) and (4’), but reject (5’), claiming that the past is foliated into absolute times.

This implies that there is one assessment of past events - one frame of reference,

one hypothetical observer - that divides the past into slices that match the real,

absolute times.14 They are right, where other observers happen to be wrong.

While our best physics does not provide any means of distinguishing a pre-

ferred frame, proponents such as Zimmerman argue that there is ‘no particular

reason to think that if there is a difference [between frames], it will be physics’

job to discern it’ (2008, p. 27). Nonetheless, such a preferred frame is certainly

controversial, being decried by some as a form of ‘inertial chauvinism’.15

Next consider (4). Intuitively, two things that are, were, or will be copresent

just are two simultaneous things. Some A-theorists deny this, however, and

thereby deny (4) and (4’). They argue that copresentness amounts to something

else: something represented in M, such as the light-like relation. Perhaps any

event on your past light-cone should be considered copresent with you. This

might allow for A-theorists to be scientific realists regarding M, at least in the

sense that M represents copresentness as it exists, though M would still lack

other A-theoretical features like a growing edge. This step towards realism

might be appealing, but a drawback of this approach is that it deems as cop-

resent things that are not intuitively copresent at all. A distant supernova is

light-like related to us in the moment that we see it, but given the finite speed

of light we would intuitively say that the supernova did not occur now, but

14Modern views of this kind are known as Neo-Lorentzian, acknowledging how this mimics
Lorentz’s ether frame. See Balashov and Janssen (2003) and Craig (2008).

15Or, more precisely, this violates the principle of relativity. See Savitt (2000, pp. 569-570).
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rather billions of years ago.16 The past light-like relation is also non-transitive

and non-reflexive, which is deeply unintuitive for copresentness. Proponents

of these views, including Godfrey-Smith (1979) and Hinchliff (2000), question

whether intuition should guide our judgements about how unfamiliar things

like distant supernovae relate to us. Perhaps we should simply accept that the

present is not as we intuitively think it to be. While denying (4) and (4’) might

salvage some notion of copresentness that is consistent with relativity, it will not

help A-theorists as I have defined them: those who posit an absolute present.17

A-theorists, so defined, require not just a relation of copresentness among pairs

of things, but a whole set of things that are present together. As per (2) we might

take these to be linked: any two present things are copresent. There cannot be

an absolute present, however, if copresentness is nontransitive or nonreflexive.18

Finally, consider (5). SR and GR do not invoke absolute simultaneity, but

other theories of modern physics arguably do, including quantum mechanics

and some theories of quantum gravity. So A-theorists might argue that our best

physics either does feature absolute simultaneity, or is likely to once quantum

gravity is better-understood, even if SR and GR fail to include it. This again

takes a step towards scientific realism, though it is unclear why, in cases where

they clash, we should be realists about quantum mechanics and not relativity

theory. It is also worth noting that these other theories of physics do not explic-

itly include features like a growing edge, so A-theorists are still committed to

anti-realism in so far as they think that physics fails to tell the ‘full story’ about

(co)presentness. A-theorists who reject (5) would also reject (5’), claiming that

there are truths about simultaneity among past things. This would again invoke

16Savitt (2000, pp. 566-569) argues that there is no reason to exclude things in your future light-
cone from being copresent, too, which leads to even stranger examples.

17I will not look further into the viability of redefining copresentness for those with more modest
aims: e.g. to merely define becoming in M. See Stein (1991) and Clifton and Hogarth (1995).

18For more on ‘relativised’ copresentness see Wüthrich (2013) and Thyssen (2019).
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a privileged frame, but this might have a better justification if physics turned

out to support it. In defence of this camp, quantum mechanical wave function

collapse does seem to invoke absolute simultaneity, with entangled particles un-

dergoing collapse at the same global time.19 Monton (2002) summarises theories

of quantum gravity that lean into this idea. These views are at best speculative,

so there is an understandable pushback from those such as Wüthrich (2010) who

believe that they are not promising. It is hard to judge in such cases whether to-

morrow’s physics might contain absolute simultaneity, or not, but I am inclined

against such speculation as a method of defending the A-theories anyway. It

seems better to focus on whether what we know today lends itself to one theory

of time or another, and in that light denying (5) is certainly controversial.

Some A-theorists might offer more complex defences, perhaps by denying

several of the premises above. While I have not explored every option available,

I hope to have shown, firstly, that the A-theorists’ defences can be categorised

based on which premise(s) they deny; and secondly, that there is motivation to

search for new defences, since the known responses to (3), (4), and (5) are at

best contentious. Two other points can be taken from this discussion. Firstly,

A-theorists cannot avoid adopting some form of anti-realism about M, so it is

worth considering defences that explicitly interpret M as a useful model for

understanding observations, rather than as a depiction of reality more broadly.

Secondly, much of the controversy faced by A-theorists centres on denials of (5’).

It seems hard to justify a continued insistence that there are truths about which

past things were absolutely simultaneous with which, when detailed observa-

tions of those very past things has failed to yield signs of this simultaneity. If

possible, it would seem better for A-theorists to take a more sympathetic stance

towards our observations, and accept that past things truly are as we observe

19I return to this in §5.4.4. For more on the subject in relation to presentism see Esfeld (2015).
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them to be. These takeaways might seem contradictory: on the one hand, we

are interested in anti-realism about SR, but on the other hand, we want to take

relativistic observations seriously. Both goals might be satisfied, however, by

arguing that past things are as SR describes, but present things are not.

4.3. Responding with copresentness reductionism

In this section I outline a new response to the problem of relativity, centred on

denying (3) and (3’). I propose that while present things are copresent by def-

inition, there are no truths about copresentness among past things. We also do

not represent copresentness among past things through observation. Consider,

for example, two objects that are (co)present. Time passes, and those objects

become past. It is now not true that they share a relation of copresentness. It is

not true that they are copresent, out in the past, nor is it even true that they were

copresent. Any copresentness between them has been entirely lost. When rep-

resenting how these objects are situated, one might talk of their spatiotemporal

coordinates relative to some frame, but it would be incorrect to describe them

as being located at the same absolute time. Though this view will initially seem

strange, I will argue that this is the best way for (co)presentness to be under-

stood. This will require an analysis of what (co)presentness is, in §4.3.1. I then

show how this resolves the problem of relativity in §4.3.2, before addressing

some further implications of the view (such as those for tense logic) in §4.3.3.

4.3.1 Analysing (co)presentness

First, consider what sort of thing presentness is. Perhaps it is a property: moving

spotlight theorists, for example, might posit a four-dimensional world contain-

ing a three-dimensional slice of entities, each bearing a fundamental property of

presentness. The passage of time consists of one slice losing that property, as the

103



next slice gains it. Other A-theorists might not understand presentness in this

way, however. As I noted in §2.2, if there were fundamental presentness proper-

ties within presentism then everything that exists would have one. It is unclear

what these properties would do,20 and one could imagine a simpler presentist

world that is just three-dimensional, without such properties. Recall from §2.2

that, for this reason, several thinkers have argued that presentists should take

presentness to mean nothing more than existence. If something exists, then by

definition it is present. Similarly, it seems needless to add to the growing block

a fundamental property of presentness, bourne by everything on the edge. One

could instead believe that if something lies on the edge, then by definition it

is present. These views can be developed in two distinct ways. One could ei-

ther maintain that presentness exists as a non-fundamental property,21 or one

could deny that there is presentness. Things exist (within presentism), or lie on

the edge (within the growing block), and that’s that. Even under this second

approach, A-theorists might accept that describing reality or the edge as ‘the

present’ is useful in practice. In what follows I will take presentness to be a real,

non-fundamental property, but my arguments are compatible with either view.

What about copresentness? This seems to be a relation, but again, it is likely

not fundamental. Even in the moving spotlight, where presentness properties

are taken more seriously, it seems needless to claim that there is an indepen-

dent, primitive relation of copresentness, relating every present thing to every

other one. Rather, we might just define two things to be copresent if they are

both present. This definition extends to other A-theories: for presentists, two

20For a more detailed discussion see Correia and Rosenkranz (2015, pp. 1-4).
21Tallant (2019, pp. 423–425) likens this to van Inwagen’s treatment of existence: ‘You can say

that existence is a property if you want to. No harm in it. If existence is a property, it is the
property something has if and only if it exists, if and only if there is such a thing as it... If
you want to talk in that way, however, you should keep it firmly in mind that existence, so
conceived, is a wholly uninteresting property’ (2008, p. 37).
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things are copresent if they both exist. For growing block theorists, two things

are copresent if they both lie on the edge. Again, this can be developed in two

ways: either we take copresentness to exist, but be reducible to presentness, or

we take it that copresentness does not exist and that presentness is all there is

to it. Again, the difference between these positions will not be too important,

since even the latter camp will probably accept talk of copresentness, in so far as

it is useful. Crucially, though, if presentness and copresentness are merely there

‘by definition’ then we need not be alarmed if they turn out to behave in unin-

tuitive ways: for example, if things that seem copresent are not. After all, if that

behaviour is too implausible then we could just conclude that (co)presentness

must be unreal. There are just things existing, or lying on the edge.

As it happens, this view of copresentness does yield unintuitive behaviour.

While it is simple to define copresentness among present things, we struggle

to do the same for past or future things. If two objects each are present, then

by definition they are copresent, but if two past objects each were present, it

clearly does not follow from this alone that they were copresent. Otherwise, it

would be true that every past thing was copresent with every other past thing!

So in order for it to be true that pairs of past things were copresent, some extra

piece of machinery is needed: something that was not needed for there to be,

by definition, copresentness among present things. This might, for example, be

times: two things are copresent if they are each present, but two things only were

copresent if they were each present at the same time.

A similar quirk arises for observations of copresentness. Consider two objects

which initiate causal chains of events: they emit photons, which enter detectors,

and so on. An A-theorist observer would represent each object as having been

present: this follows from the fact that they represent them as having existed at

all. Yet, if we represent that two objects each were present, it clearly does not
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follow from this alone that we would represent that they were copresent. Oth-

erwise, we would represent every past thing as copresent with every other past

thing! So in order for us to represent that pairs of past things were copresent,

some extra piece of information is needed: something that was not needed for

there to be, by definition, copresentness among present things. This might, for

example, be information about times: we only represent that two things were

copresent if we represent that they were each present at the same time.

So while defining copresentness among present things is simple, it takes

something more for there to be truths about, or observations of, copresentness

among past things. There are two options available to the A-theorist from here.

Firstly, she could introduce extra machinery like times, to allow for truths about

and/or observations of absolute copresentness among past things. This brings

us back to the strategies discussed in §4.2.3. Either the A-theorist would claim

that we can observe absolute times, denying (5) and (5’), or she might argue that

they are unobservable, denying (3) and (5’). Secondly, however, the A-theorist

might opt not to introduce this machinery. Instead, she could just accept that

copresentness behaves strangely. By definition pairs of present things are cop-

resent, but there is no good definition for past or future things, so one simply

does not define it to be there. Note that the behaviour of the underlying on-

tology is not so strange. Depending on the A-theory, present objects each have

presentness, or lie on the edge, or simply exist. Later, those objects each had

presentness, or laid on the edge, or existed.22 It is only the non-fundamental

relation of copresentness that exists among present things, but is lost as they tran-

sition into the past. I will call this second view copresentness reductionism.

In §4.3.2 I will argue that copresentness reductionism resolves the problem

of relativity. Even leaving that aside, I would argue that this approach is one

22Though these latter claims would not be true under hard presentism, from chapter 3.
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that A-theorists should take seriously. While it is intuitive to think that if pairs

of present things are absolutely copresent, then there should be pairs of past

things that were absolutely copresent, I would argue that this intuition alone is

not a sufficient reason to introduce large-scale temporal structures like ‘time-

slices’. Copresentness reductionism, on the other hand, limits the A-theorist’s

ontology to only those commitments that are crucial for her view. A-theorists

are by definition committed to an abolute present, not to the notion that the past

or future is sliced. Moving spotlight theorists propose a world that is similar to

the eternalist’s, but with a spotlight in it. Growing block theorists also propose

a world that is similar to the eternalist’s, but which ends at a growing edge.

Presentists propose a world that is three-dimensional, with no past or future.

All of these views seem well-suited to an ontology where there is no foliation of

the past or future, beyond what eternalists would believe in.23

While an analysis of copresentness shows how ‘A andB are copresent’ could

be true, and yet later, ‘A andB were copresent’ could be untrue, I will not blame

the reader if this still seems bizarre. In adopting copresentness reductionism,

the A-theorist stands firm on the notion that truths require appropriate grounds.

If all that exists that is relevant to copresentness are truths about presentness,

and if those can only ground the former of the above propositions, then only the

former can be true, despite how intuitively similar they might seem. This will

come across as more revisionary to some A-theorists than others. As I noted in

chapter 3, it is common for presentists to argue that everything that is true of the

present, now, will be true of the past, later. For presentists of this ilk, the pro-

posal that truths about copresentness are lost will seem concerning. Under the

hard presentist view that I defend, however, there are no truths about the past

23Of course, traditional A-theories do feature a foliation, so this approach is still revisionary.
Broad (1923, pp. 66-67) explicitly talks of ‘slices’ in his growing block world, while Prior
(1968/2003) thought that facts about ‘instants’ were derivable from tensed facts, though he
did regard this as ‘just disguised talk about what is and has been and will be the case’ (p. 124).
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or future. This camp would happily accept that there are truths about present

simultaneity, but no corresponding truths about past simultaneity. In general,

we can expect intuitions about copresentness reductionism to vary depending

on the A-theorists in question. The challenges facing this view do go further

than mere intuition, however. In §4.3.3 I will examine some other concerns, but

first it will pay to spell out how this view resolves the problem of relativity.

4.3.2 Responding to the problem

I will now show how copresentness reductionism allows for a new response to

the problem(s) of relativity. It is worth restating the two problems from §4.2.2:

Observational Problem of Relativity

(1) Multiple objects are absolutely present.

(2) If (1) then there are pairs of objects that are absolutely copresent.

(3) If (2) then we would represent, through observation, pairs of past

objects as absolutely copresent.

(4) If (3) then we would represent, through observation, pairs of past

objects as absolutely simultaneous.

(5) We do not represent, through observation, pairs of past objects as

absolutely simultaneous.

Alethiological Problem of Relativity

(1) Multiple objects are absolutely present.

(2) If (1) then there are pairs of objects that are absolutely copresent.

(3’) If (2) then there are truths about which pairs of past objects were

absolutely copresent.
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(4’) If (3’) then there are truths about which pairs of past objects were

absolutely simultaneous.

(5’) There are no truths about which pairs of past objects were absolutely

simultaneous.

The A-theorist who adopts copresentness reductionism will deny (3) and (3’).

She believes that there is an absolute fact-of-the-matter about which objects

are present, and by definition there is also an absolute fact-of-the-matter about

which objects are copresent. She denies, however, that this ‘carries through’ into

any observations of, or truths about, which objects were copresent.

The exact ontology that this leads to depends on the A-theory in question.

Presentists would claim that only the three-dimensional present is real. To the

extent that there are truths about the past or future, there are at most truths

about things at four-dimensional locations, relativised to particular frames of

reference. While it might be true of each past thing that it, individually, was

once present, there are no truths about which past things were absolutely cop-

resent with which, nor about which absolute times they existed at.24

Growing block theorists would adopt a similar view, but instead of talking

about truths, they talk about an existing past. Reality is a four-dimensional

block, and there is an absolute fact-of-the-matter about which things lie on the

edge of that block. Once things are no longer located on the edge, however,

they become somewhat lost in the body of the block. Past things have locations

relative to particular frames of reference, and they still bear some relations such

as causal ones, but they are not organised into absolute times, nor do they bear

relations of absolute copresentness or simultaneity with one another.

24Rovelli claims that ‘Einstein’s simultaneity is not a discovery of a fact of the matter about mul-
tiple simultaneity surfaces: it is the discovery that simultaneity has no ontological meaning
beyond convention’ (2019, p. 1328). This does not ‘destroy’ presentism, as he claims, because
simultaneity can be understood to have no meaning beyond convention within presentism!
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Moving spotlight theorists would adopt a similar view again, but with an

existing future that is also ‘unsliced’. For the most part, this world is just like

the eternalist’s: objects are distributed in four-dimensional spacetime, with no

generalised notion of absolute simultaneity. Moving spotlight theorists add to

this picture a single, three-dimensional set of events within the block that are

absolutely present, together. As the spotlight moves down the block, the entities

left behind do not bear any relations of copresentness or simultaneity with one

another. Each entity was, individually, once present, but there is nothing to

ground the claim that any pair of those entities was copresent.

Within any of these views, observations will be well-predicted by SR and

GR. Truths about the past (within presentism) and/or the existing past (within

the growing block and moving spotlight) are structured just as M describes,

without any relations of absolute simultaneity. A physicist might, by compar-

ing her observations of an experiment to her observations of clocks, represent

pairs of past events as having been copresent in her frame. The only information

relevant to absolute (co)presentess that she could access, however, is the infor-

mation that each event was individually present. Representations of absolute

copresentness do not follow from that, and so they do not feature in our best

physics. It is worth comparing this defence to the others against (3) that were

discussed in §4.2.3. Other A-theorists have refrained from positively showing

why copresentness is unobservable, but I have done just that. Other A-theorists

have also denied (5’), claiming that there is simultaneity among past things that

we fail to observe, but I have understood relativistic observations in a more

charitable way. SR and GR’s failure to represent absolute simultaneity among

observed things is in an important sense correct: there is genuinely no simul-

taneity among the past things being represented. There is also a sense in which

SR and GR are incorrect: they fail to represent the copresentness that exists by
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definition among present things. This might not be considered a serious failure,

however, given that copresentness is non-fundamental, if it exists at all. There

are no independent ‘invisible strings’ connecting present things that SR and

GR fail to identify. It is also debateable whether these theories are even in the

business of representing present things, since everything we represent through

observation is past by the time we observe it. So while this position is still anti-

realist with respect to relativistic spacetime, I would argue that this anti-realism

is not only justifiable, but more charitable towards relativistic observations than

many other A-theoretic defences. This defence also has advantages over deny-

ing (4) or (5). There is no need to define copresentness throughout spacetime in

some new form that does not resemble simultaneity. There is also no need for

A-theorists to propose new theories of physics to replace SR and GR.

I believe this response to the problem of relativity has never been explicitly

identified before, though on some readings it might be implicit in a few exist-

ing A-theories. There is a trend among growing block theorists, for example,

to propose that once reality accretes and becomes past it resembles relativistic

spacetime. Ellis and Goswami (2014) initially depict a growing block where the

past consists of world-lines, without any division into slices. Later, however,

they reintroduce a foliation by arguing that GR allows for it, though this foli-

ation is unrelated to ‘radar’ simultaneity. Sorkin (2007) also describes a reality

that grows, as a result of the birth of new elements in an underlying causal set.25

This reality, once grown, resembles relativistic spacetime. Sorkin does not de-

fend an absolute present: ‘there is no single “now” that spreads itself over the

entire process’ (p. 155). Subject to causal constraints, one can choose a temporal

ordering much like one chooses a reference frame or gauge, such that ‘any other

order of birth which is compatible with the intrinsic precedence relation ≺ is to

25Causal set theory is one of many approaches to quantum gravity: see fn. 4, §5.1.
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be regarded as physically equivalent’ (p. 156). It would be too bold to say that

these theorists employ the same defence against relativity that I propose, but

there are certainly some similarities here that are worth recognising.

4.3.3 Other implications

Relativity aside, several questions do remain to be asked of the A-theories above.

For a start, proponents of these views might need to reassess tense logic. Within

Priorian tense logic, propositions without reference to temporal location such as

p = ‘It rains in Paris’ and q = ‘It rains in Quito’ are assigned truth values as they

stand, and as acted upon by tense operators P (‘it was the case that’) and F (‘it

will be the case that’).26 Copresentness reductionism alters how we understand

conjunctions like (p&q). Contra Prior, the truth of (p&q) does not imply the truth

of F (P (p&q)). Indeed, there seem to be no true tensed conjunctions at all, since

the use of ‘&’ in nonpresent-tensed settings leans on a notion of absolute simul-

taneity that is missing under this view. Given that they are untrue, A-theorists

could simply understand all tensed conjunctions to be false, but there are other

alternatives that are worth briefly considering.

One option would be to adopt a three-valued temporal logic such as that

of Łukasiewicz (1930/1967), which allows for propositions to be indeterminate

rather than true or false.27 A-theorists might take conjunctions P (p&q), for any

space-like p and q, to be merely indeterminate.28 A second option is to under-

stand propositions about the past using spatiotemporal locations, without tense

26For details about this tense logic, see Prior (1969/2003).
27For an overview of such logics see Malinowski (2007).
28Łukasiewicz (1961/1967) recognised that intuitively ‘we believe that what has happened can-

not be undone... what once was true remains true for ever’ (p. 22), but he suggests that ‘facts
whose effects have disappeared altogether, and which even an omniscient mind could not in-
fer from those now occurring, belong to the realm of possibility. One cannot say about them
that they took place, but only that they were possible’ (p. 38). Under my view, facts about
simultaneity and conjunctions would indeed be facts ‘whose effects have disappeared’.
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operators: for example p∗ = (It rains in Paris at L1), q∗ = (It rains in Quito at L2),

conjunctions (p∗&q∗), and so on. These differ from truths about the present,

which take the simpliciter forms p and q. A-theorists might argue that different

grounds for present- and nonpresent-tensed truths produce different types of

truth in each case.29 Of course, the hard presentist view introduced in chapter 3

would also be revisionary for tense logic. One might need to think of tense logic

as a tool for understanding representations of past, present, and future things,

rather than for understanding things as they exist.

While there are certainly interesting debates to be had about these logics,

what matters for this chapter and for denying (3’) is just that there are no truths

about past copresentness. There are by definition true conjunctions (p&q) for

present things, but as time passes and the referents of p and q become past,

such conjunctions are removed from the realm of truth, and are relegated to

the realms of falsehood, indeterminacy, nonsense, or otherwise. While I will

not linger on this issue any further, I recognise that it might not be trivial to

incorporate copresentness reductionism into existing A-theories and the logics

used in them. This difficulty is hardly surprising, given that many have taken a

foliated past to be essential to A-theories, and have constructed A-theories with

this in mind. In arguing for copresentness reductionism, I am also arguing that

A-theorists should reject that this foliation is essential to their view, and that

they should adjust their views accordingly.

In addition to questions about logic, there are several ontological puzzles

that A-theorists in this camp would need to consider carefully. One might

wonder, for example, what shape the absolute present has within the A-theories

above. In at least the growing block and moving spotlight theories the absolute

29As I discussed in §3.2, it is already commonplace for presentists who believe in past truths
to argue that they are grounded differently from truths about the present. See also Edwards
(2011) and Kim and Pedersen (2018) for broader discussions of alethic pluralism.
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present seems to have a four-dimensional shape, but it would not be observable,

and because the past and future are not ‘sliced’ there are no truths about what

shape the present had, or will have. So, frustratingly, the shape of the present

might be unknowable. We can know that the present does not include anything

we observe, so every point in it must be space-like related to the others. Beyond

that, the shape cannot be seen: perhaps it is smooth and planar, or perhaps it is

‘jagged’ due to (say) stochasticity in temporal passage.30 It is also unclear if the

shape of the present stays constant, or whether it can change. This question may

not even make sense, since there are no truths about the shape of the present at

any time other than the present.31 While these features do seem unusual, they

need not be alarming if the shape of the present is understood to be reducible to

each of the individual entities lying on the edge. The present’s shape might not

even properly exist in its own right, which means that we need not be alarmed

if it seems to ‘behave’ unusually.

Similar discussions can be had about other problems concerning presentness

and simultaneity. We might ask if the A-theory has always been true, or how fast

time passes, or whether the growing block used to be smaller. Many of these are

problems for all A-theories, not just the versions introduced here.32 While some

questions might be hard to answer without a specific foliation of the past to

lean on, I see no obvious reason to think that this would render such questions

unanswerable. The mere truth that each past thing existed three-dimensionally

(or once accreted onto the block) might be enough to establish that presentism

(or the growing block) was always true, even if there are no truths about exactly

30As seen in the growing block theory of Ellis and Goswami (2014), for example.
31Assuming it can be made sense of at all, one way to at least model the shape’s changes could

be to use Wheeler’s framework of superspace. For a summary see Misner, Thorne, and Wheeler
(1973, ch. 43), who suggest that superspace provides a framework for modelling the evolution
of the shape of space, even when there is ‘[no] way whatsoever to predict, or even give mean-
ing to, “the determinate classical history of space evolving in time” ’ (pp. 1182-1183).

32See for example Markosian (1993) on the second question and Tan (forthcoming) on the third.
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what co-existed (or co-accreted). I will not explore such ontological puzzles

in further detail here, but certainly there are interesting questions facing the

theories that I have introduced, just as there continue to be questions of this

kind facing the A-theories in general.

4.4. Conclusion

In this chapter I have outlined a precise formulation of the problem of relativity,

and a novel solution to it. This solution leans on a reductionist understanding of

(co)presentness that initially seems counterintuitive, but which can be shown to

be reasonable on closer inspection. Our intuitions might perhaps be rescued by

reminding ourselves of what, exactly, the A-theorist believes in: not so much a

robust relation of copresentness, or even a property of presentness, but just a set

of things that are at most (co)present by definition. To the extent that A-theorists

believe in a past, that past need not feature any simultaneity relations, nor be

divided into time-slices, in a way that would contradict relativistic physics.
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Chapter 5: Presentism and Quantum Mechanics

Abstract

In the philosophy of time, some argue that the real present has a certain,

determinate state, while the unreal past and/or future are at best de-

scribed with merely a balance of probabilities. I articulated such a view

in chapter 3. Meanwhile in the philosophy of quantum mechanics, some

argue that real systems have certain, determinate states, even while our

best physics describes those systems with merely a balance of probabili-

ties. In this chapter I provide a rough outline of a novel hidden-variables

interpretation of quantum mechanics that marries these notions. I as-

sume presentism: only the present exists. I also assume that systems exist

in determinate states, but their evolution is stochastic. A system’s past

and future are therefore modelled using probabilistic mathematical tools

such as wave functions. I show that this approach yields the same ex-

perimental predictions as standard quantum theory, and I explore some

reasons to prefer this approach over other hidden-variables accounts.

5.1. Introduction

Quantum mechanics and the theories of relativity paint very different pictures

of reality’s temporal structure. Non-relativistic quantum mechanics features

an absolute temporal ordering, time direction-asymmetries,1 and perhaps even

nonlocality or absolute simultaneity.2 In special and general relativity theory,

on the other hand, there is no absolute temporal ordering, simultaneity, or time

direction-asymmetry. There is already a detailed scholarship on the problems

1Such asymmetry seems to be a feature of measurement processes, though some argue that this
might only be true under specific interpretations. See Bacciagaluppi (2006).

2See Bohr (1935), Bohm and Hiley (1989), and Esfeld (2015).
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that these differences give rise to,3 and on the project to unify these views within

a single theory of quantum gravity.4 While I will not weigh into these debates

here, they serve as motivation to explore how time can be understood within

either of quantum or relativistic physics on their own. This might, in turn, help

to inform our approaches to quantum gravity further down the track.

In the literature there is also a debate about how our intuitive experience of

time might be reconciled with these theories of physics.5 A typical approach

is to analyse how our intuitive everyday experiences could emerge from a less-

intuitive fundamental temporal structure.6 In this chapter my approach will

differ. I will assume that the fundamental temporal structure has certain fea-

tures drawn from everyday experience and philosophy, and then analyse how

quantum theory might be understood in light of those assumptions. This will

amount to a rough outline of a new hidden-variables interpretation of quantum

mechanics. I characterise unusual quantum behaviour as being a consequence

of the limits that temporal ontology places on how systems are able to evolve.

The assumptions that this approach is founded on are presentism, and the

openness of the nonpresent.7 We can loosely define presentism as the theory that

only the present exists, though a more precise definition was outlined in chap-

ter 2. In this context, to claim that the past and future are open is not to claim that

either exist in some ‘open state’.8 Rather it is to reject any determinate descrip-

tion of what state the past was in, or what state the future will be in: both are

3For a summary see Smolin (2013, ch. 13).
4These efforts often involve positing bold new temporal structures (or a lack thereof) for reality.
For example see Sorkin (2007), Dowker (2014), and Dowker et al. (2020) on causal set theory,
or Barbour (2012) and Barbour, Koslowski, and Mercati (2014) on shape dynamics.

5There are similar discussions about how our experiences could arise from our psychology,
evolutionary history, methods of representation, etc. See Callender (2008), Paul (2010), Prosser
(2012), Deng (2013), Dyke and Maclaurin (2013), and Ismael (2013).

6See for example Hartle (2005), Dowker (2014), Ismael (2016), and Arthur (2019, ch. 5, 8).
7This includes an open past, as discussed in chapter 3. See also Markosian (1995).
8See Grandjean (2021) for a discussion of the various kinds of openness.
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merely described by a distribution of probabilities. This is natural enough if one

subscribes to hard presentism, as outlined in chapter 3, and indeed the interpre-

tation outlined in this chapter is an extension on the toy model from §3.4. The

arguments of this chapter do not assume hard presentism, however: the reader

can believe in objective, determinate truths about the past if they would like to.

What matters for this chapter is only that such truths, if they exist, would have

no impact on physics. So when analysing the dynamics of physical systems, we

model the unreal past and future based only on what can be derived from the

present, in combination with indeterministic laws of nature.9

In §5.2 I summarise interpretations of quantum mechanics in the literature,

with a focus on hidden-variables theories, and on those few theories already

proposed that have incorporated presentism in some manner. I point to several

shortcomings with these views, motivating an investigation of a new theory

that incorporates presentism more effectively. I outline such a theory in §5.3,

before briefly examining its main strengths and weaknesses in §5.4.

5.2. Interpretations in the literature

In non-relativistic quantum theory, a system is described by a complex wave

function Ψ. Boundary conditions restrict the values that Ψ can take, equations

of motion dictate how Ψ evolves, and measurements yield random values to

within |Ψ|2 while reducing Ψ to a δ-function about the measured value. One

way of intepreting this is to posit that Ψ exists, so that micro-scale reality just is

a wave function or collection of wave functions. Despite the odd, probabilistic

nature of Ψ, we might think that its prevalence in our best science is evidence

9An open future alone would not do: as Einstein, Tolman, and Podolsky put it: ‘quantum
mechanics must involve an uncertainty in the description of past events which is analogous
to the uncertainty in the prediction of future events’ (1931, p. 781).
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that it is real.10 We might even think that micro-scale systems are completely

described by Ψ, and that macro-scale systems are emergent from Ψ: so Ψ is,

broadly speaking, ‘all there is to it’. I will call this a wave function ontology.11

Alternatively, one might defend a more intuitive view of reality, despite

quantum theory not depicting it as such. At least some properties might have

single, determinate values, both while being observed and otherwise. We might

like to imagine particles as ‘little balls’, or more broadly as ‘local beables’ (LBs),12

moving around in space much like macro-scale objects seem to. While the

reader is welcome to interpret ‘LB’ as ‘little ball’, one must bear in mind that LBs

could have very different features from classical balls. Their motions might be

stochastic, quantised, or discontinuous; they might lack certain intuitive prop-

erties like thickness, or bear certain unusual properties like strong-force colour.

Nonetheless, we might think that micro-scale reality is not fully captured by

Ψ, and instead exists in a determinate state which is at least more similar to the

reality that we are familiar with. I will call this a pseudo-classical ontology.

Numerous interpretations of quantum mechanics have been defended in the

literature, each depicting reality and the role of Ψ in a different way. Peruzzi and

Rimini (1996) identify two main schools of thought among these views: hidden-

variables theories, and reduction theories. They describe them as follows:

In hidden-variables theories, like the de Broglie-Bohm theory and Nel-

son’s stochastic mechanics, the evolution of Ψ is always governed by the

Schrodinger equation, but, contrary to the standard formulation, Ψ does

not exaust the description of the system. A new variable is added to

Ψ: this (hidden) variable evolves in such a way that its value after the

measurement is in correspondence with the outcome.

10A similar view could exist for virtual quanta from quantum field theory. See Valente (2011).
11For more on the various kinds of wave function realism, see Leifer (2014) and Chen (2019).
12To use the popular language of Bell (1975/2004).
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In reduction theories, like the GRW theory, the evolution of Ψ, which

completely specifies the state, is changed assuming a new principle of

evolution. This is essentially equivalent to the Schrodinger equation

in ordinary situations but it incorporates reduction in the measurement

situations: the state vector collapses stochastically in accordance with

quantum mechanical probabilities.

(Peruzzi and Rimini 1996, pp. 510-511)

In this chapter I will include in the hidden-variables camp those theories that

posit many extra variables in addition to Ψ. I will also include in the reductionist

camp those theories that posit a state vector ‘collapse’, or a process that gives

rise to an appearance of collapse, which is deterministic rather than stochastic.

This includes in particular the Everettian interpetation.

The distinguishing feature of hidden-variables theories is that they reject a

wave function ontology. Ψ is not enough: there is more to be said about a sys-

tem’s state, even if traditional quantum mechanics does not tell us as much. The

hidden-variables theorist generally defends a pseudo-classical ontology, along

with some deeper mechanics governing the evolution of pseudo-classical enti-

ties. Either that deeper physics is stochastic (leading to Nelsonian mechanics),

or that deeper physics is deterministic (leading to de Broglie-Bohm theory).

I will discuss these two variants in more detail in §5.2.1. While the hidden-

variables theorist accepts that system states are constrained to the distribution

|Ψ|2, and that the Schrodinger equation dictates how that constraint evolves,

they reject that Ψ is an exhaustive description of the system.

The distinguishing feature of reduction theories, on the other hand, is that

they accept a wave function ontology. Either a global Ψ or multiple Ψs fully

describe micro-scale systems. Macro-scale systems such as planets, people, and

measuring devices are composed of micro-scale entities, and so they too are
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fundamentally described by Ψs. These systems are not captured by traditional

quantum theory, so a ‘new principle of evolution’ is required to describe how

Ψs behave at this scale. Perhaps the evolution of Ψ is stochastic, with random

collapses to single states (leading to GRW theory).13 Perhaps instead Ψ is de-

terministic, but with superpositions right up to the macro-scale (leading to the

Everettian interpretation).14 Either way, reductionists do not attempt to rework

quantum mechanics to restore a pseudo-classical ontology. Instead, they ask us

to re-evaluate the sorts of things that we take reality to be composed of.

Approaching quantum mechanics from a presentist perspective would likely

lead to a hidden-variables theory. As I discussed in §1.1.2, presentists already

support a purportedly intuitive ontology which is not ‘read off’ the equations of

physics. Presentists motivate their view by pointing to its simplicity, or its align-

ment with common sense, which are exactly the motivations driving hidden-

variables theorists. So the presentist would likely adopt similar priorities, and

defend some form of three-dimensional pseudo-classical ontology. The presen-

tist would argue that such a view is at worst consistent with quantum theory, and

at best it might explain quantum phenomena better than other interpretations.

In §5.3 and §5.4 I will introduce and defend a theory of this kind, but firstly

I will motivate this position by reviewing some of the other hidden-variables

theories in the literature, in §5.2.1. I will also examine in §5.2.2 the few attempts

that have already been made to marry presentism with quantum mechanics. I

will largely leave aside reduction theories: while I have my misgivings about

Everett’s ‘many worlds’, for example, it is not the purpose of this chapter to

make any argument to that effect.

13See Ghirardi, Rimini, and Weber (1985) and Frigg and Hoefer (2007).
14Introduced by Everett (1957). For a modern discussion see Saunders et al. (2010). For defences

in light of problems in quantum theory see Brown and Wallace (2005) and Sharlow (2007).
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5.2.1 Hidden-variables interpretations

Hidden-variables theories have a significant historical following. Einstein was

famously dissatisfied by descriptions of micro-scale reality in terms of Ψ alone,15

but his efforts to prove the incompleteness of such descriptions faced challenges

from Bell (1964/2004), among others. The original formulation of Bell’s theorem

was intended to show that hidden-variables theories could not be local, but

there has since been some debate about whether a local hidden-variables theory

could be workable if other assumptions in Bell’s argument are rejected.16 I do

not wish to enter into this debate here, so I will assume that hidden-variables

theories do need to be nonlocal, and leave the challenge of localising them to

other work. Crucially that means that the exploratory presentist view in §5.3

will be nonlocal also, though localised versions of it may yet be possible.

Since Einstein, there have emerged two schools of hidden-variables theory

that are worth recognising here. The first is de Broglie-Bohm theory.17 As it was

initially devised, this interpretation only commits to determinate position states.

Other observables are either reducible to position, or they exist as probabilistic

superpositions, particularly as incorporated into a quantum potential or pilot

wave. Later adaptations allow determinate states for any, or all observables.18

System evolution is deterministic, and involves an ongoing interaction between

particles and the pilot waves that envelop them. A particle in a double-slit

experiment, for example, traverses just one of the slits, but travelling with it

is a wave packet that traverses both slits at once. This wave self-interferes on

the other side, and passes on the effects of that interference to the motion of the

particle. There is debate about the extent to which de Broglie-Bohm theorists are

15See for example Einstein, Podolsky, and Rosen (1935).
16For more on how Bell, and others, understood these assumptions see Norsen (2011).
17See Bohm (1952a), and also Dürr, Goldstein, and Zangh (1992) for a newer defence.
18See for example Vink (1993).
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committed to the existence of this pilot wave, and how problematic that might

be by comparison to the commitments of the reductionists.19

A second theory worth noting is Nelsonian mechanics.20 Under this view

reality is again pseudo-classical, but systems evolve according to laws featur-

ing an indeterministic component. A particle in motion will have a determin-

istic ‘drift’ velocity, but in addition it will also shiver with a continuously ran-

domised motion in all directions. Bacciagaluppi (1999, pp. 2-5) expresses the

de Broglie-Bohm and Nelsonian theories in a generalised mathematics, where

system evolution is governed by the guidance equation dx = bdt +
√
αdω. bdt

is a deterministic component while dω is a stochastic Weiner process. Setting

α = 1 yields Nelsonian mechanics, while setting α = 0 yields de Broglie-Bohm

theory. b and dω depend in turn on Ψ,21 suggesting that there remains some

form of ‘quantum potential’ in either of these approaches. Accordingly, the two

theories yield similar system dynamics. Particles (LBs) move by continuously

changing directions, careening around the place, though they are constrained to

within the Ψ distribution of traditional quantum mechanics. This summary by

no means exhausts the hidden-variables theories on offer, though the ontologies

posed by other theories often face more serious objections.22

With that said, there are several problems facing the de Broglie-Bohm and

Nelsonian views too. For the most part I will leave aside these challenges until

§5.4, where I discuss reasons for preferring a presentist approach. For now I

will merely note two of the main concerns, to provide motivation for exploring

something new. Firstly, Ψ still plays a prominent role in both of these theories,23

19For further discussion on realist de Broglie-Bohm theories see Bell (1982).
20For discussions of this view see E. Nelson (1966), Goldstein (1987), and Bacciagaluppi (1999).
21Specifically, b = ~

m∇S + α ~
2m

∇|Ψ|2
|Ψ|2 , while the dω process has dω = 0 and (dω)2 = ~

m .
22See for example Bell (1981/2004) and J. Barrett (1996) on the ‘Everett (?) theory’.
23Brown and Wallace argue that Ψ does all the heavy-lifting, to the extent that ‘observation... is

not discovering the position of the de Broglie–Bohm corpuscle even if it exists’ (2005, p. 538).
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and it may be difficult to explain that role without conceding that Ψ exists. This

seems problematic, given that avoiding an ontology of Ψs was part of what

motivated these theories in the first place. Even if we are willing to accept Ψs in

the form of ‘quantum potentials’ alongside a more agreeable ontology of LBs,

it still seems strange that there might exist a physical potential with complex

values. Explaining how and why the Ψ field satisfies the Born rule without

merely stipulating as much is also far from trivial. So there are certainly some

lingering concerns about role of Ψ in these interpretations.

Secondly, I assumed earlier that these hidden-variables views are nonlocal.

Not only is nonlocality ‘spooky’, but it also seems to invoke a notion of absolute

simultaneity that the theories of relativity prohibit. It would be troublesome if

these theories, while consistent with quantum mechanics, contradicted our best

physics in other areas.24 In §5.4 I will argue that presentism, while not entirely

avoiding these issues, does provide the hidden-variables theorist with a better

account of nonlocal action, which avoids contradiction with relativity theory.

So presentism could prove to be a useful addition to the hidden-variables ap-

proach. Other problems will be covered in §5.4, but at this stage I hope that the

reader is convinced that there is motivation to explore new, alternative hidden-

variables theories. I will now consider some of the attempts that have already

been made to incorporate presentism into discussions of this kind.

5.2.2 Presentism and interpretation

Little has been said on how presentism might inform our understanding of

quantum mechanics. In general, physics only tends to enter into discussions

of presentism when debating whether the view is contradicted by relativity.25

24For more on nonlocality see Bohm and Hiley (1988; 1989), Norsen (2011), and Esfeld (2015).
25A topic I covered in chapter 4, but see also Putnam (1967) and Savitt (2000).
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Since the picture of time found in non-relativistic quantum mechanics does not

sit easily with relativity either, we should at least be open to considering the

implications of presentism in this context, even if there remain questions to be

asked about whether such a view of time could carry through into theories of

quantum gravity.26 In recognition of this, perhaps, a small number of recent pa-

pers have begun to tackle this topic. Esfeld (2015) argues that presentism is at

least compatible with quantum theory. While Esfeld stops short of investigating

any positive role that presentism might play in this field, he does point out that

presentism is accommodated particularly well by hidden-variables interpreta-

tions. As a first-order theory, the de Broglie-Bohm view depicts a world where

system evolution is governed by two primitives: particle position, and wave

function amplitude. Not invoked are any primitive second-order velocities of

those things, which might otherwise have been difficult for presentists to make

sense of. In §5.3 I will argue that presentism can do more than just be compatible

with hidden-variables theories: rather, it might provide this camp with a better

account of system evolution than those that have come before.

Secondly, Smolin and Verde (2021) introduce a view of quantum reality that

they call a ‘novel form of presentism’ (p. 1). They posit a fundamental distinc-

tion between definite and indefinite, and an ontology of events, transitions from

the latter to the former. There is some ambiguity about which of their claims

are ontological ones: much of the paper lists what they initially call elements

of phenomenology, but afterwards they claim to have presented the reader with

an ontology. Some claims also seem to be mutually inconsistent, for example:

‘everything that is real is so in the present moment’ (p. 5), ‘nothing exists or

persists, things only happen’ (p. 5), ‘events exist for a definite duration’ (p. 5),

and ‘indefinites flash into momentary definites, after which they are nothing.

26On this subject see Monton (2006) and Wüthrich (2010).
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Everything we see around us exists or did just exist, but was gone in the blink

of an eye’ (p. 7). I have more important concerns than these issues in phrasing,

however. Smolin and Verde claim that the past is definite, and the future indefi-

nite, but it is unclear how either could be so if they are unreal. Smolin and Verde

claim that ‘the past... has already become definite’ (p. 6) and ‘being indefinite,

[the future] can at any time become definite’ (p. 6).27 If the past and future are

unreal then how could they be, or how could they become, in any sense at all?

One might dispute whether such an account is presentist,28 if there is a determi-

nate past and an indeterminate future, which only fail to exist in the sense that

they ‘have no causal effect on us’ (p. 8) or ‘play no role’ (p. 12).

These problems might be avoided by retreating from an ontological notion

of (in)definiteness, in favour of something epistemic or phenomenological. Oc-

casionally Smolin and Verde seem to lean this way by describing the past as

‘represented in the present in records, fossils, and the like’ while ‘the future is

the name we give to speculation as to which events will happen’ (pp. 7-8). Yet

there is a symmetry between these representations and speculations: neither

gives a complete or definite picture, even those of the past. So how does one

justify characterising only the past as definite? Smolin and Verde argue that

quantum theory depicts the past and future differently, but this difference only

extends to idealised measurements, not to full descriptions of real systems.29 Take

an idealised double-slit experiment, for example. Before it occurs, this experi-

ment is described by a Ψ that seems to pass through both slits, self-interfere, and

produce an indefinite measurement prediction. After it occurs the experiment

is described similarly, except for a single, definite measured value. If we ask

27Though one could interpet their ‘indefinite’ future similarly to my ‘open’ future from §5.1,
this passage in particular suggests that there is more to their ontology of the future than that.

28This view is unlikely to meet my own definition from chapter 2.
29For an early discussion of this point see Einstein, Tolman, and Podolsky (1931).
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‘where was/will the particle be measured?’ then Smolin and Verde are right:

the past description is definite, while the future description is not. If we ask

‘which slit(s) did/will the particle traverse?’, however, then the descriptions

are equally indefinite either way. Even if we ignore questions of this kind,30 in

practice our measurements are limited to certain bounds of confidence, so there

remains indefiniteness even in our descriptions of past measurements.

In chapter 3 I argued for a version of presentism where there are no past or

future truths. Though this chapter was primarily focused on the metaphysics of

truth, I briefly explored some applications to quantum theory in §3.4. The toy

model raised there diverged from Smolin and Verde (2021) in that I embraced

an indeterminate future and past. In the next section I will look in greater depth

at what such an approach to quantum theory might look like.

5.3. Outlining a presentist interpretation

I will now explore a new presentist approach to quantum mechanics. Parts of

this section may seem to ‘reinvent the wheel’ in the sense that the resultant view

is similar to other hidden-variables theories from §5.2.1. While the differences

are subtle, I will argue in §5.4 that they are meaningful, so it will pay to set up

the view as clearly as possible. In §5.3.1 I discuss how quantum systems are

initially conceptualised when approached from a presentist perspective. I then

give an account of system dynamics in §5.3.2, before clarifying what it is that

distinguishes this interpretation from other hidden-variables theories in §5.3.3.

5.3.1 Characterising experiments

The proposed approach to quantum theory is built on three core assumptions.

Firstly, I assume presentism: only the present exists. Reality extends in three

30Perhaps because they are not sensible, á la the consistent histories view. See Griffiths (1984).
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dimensions of space, but has no corresponding temporal extension.31 Secondly,

I assume a pseudo-classical ontology: particles are LBs with precisely-valued

properties such as position and orientation, at least in the existing present.

Thirdly, I assume that systems evolve in a stochastic or indeterministic way.32

Even with perfect information about the laws of nature and the present state

of a system, one could at best extrapolate a probability distribution function

(PDF) representing a range of possible past and future states.

These assumptions call into question several practices used to understand

systems in physics. Firstly, should we model experiments using a variable of

time? Regardless of whether states are described by exact values, Ψs, or PDFs,

physicists will generally understand a system to have a single, well-defined state

of one of these kinds for any given value of time, without explicitly recognising

which time it is now. A world that is presentist, pseudo-classical, and stochastic

cannnot be understood in this way. Even if we were to represent systems using

a time variable, there would not be a single, definitive answer to a question like

‘what is the state of the system at t?’. If t were present, then a system’s position

state would be captured by a list of the specific locations of each particle. If t

were past or future, however, then the same system at the same time t would be

captured very differently: by a set of non-independent PDFs, each describing

where a particle might have been, or might come to be, in so far as that can be

derived from what exists presently. If t were close to the present time then these

PDFs would be tightly clustered around particular locations, whereas if t were

in the distant past or future then these PDFs could be very broad.

A similar problem arises for change. Physicists tend to understand change

in an ‘at-at’ sense, where a system is said to change simply if its state differs

31This accords with the definition of presentism from chapter 2.
32I will not explore here the philosophical difficulties in understanding objective, fundamental

stochasticity. For more on this subject see Lewis (1980), Hoefer (2007), and Myrvold (2012).
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between two given times.33 Within presentism, however, reality consists of a

distribution of three-dimensional objects that move, spin, collide, and generally

change in some immediate sense, which does not involve their being placed at

multiple times. I already recognised in §1.3.1, §2.3, and §3.3 that describing this

pure passage in rigorous detail, beyond gestures towards intuition or analogy,

is an outstanding problem for presentists. It may be even harder to capture

passage within a system of mathematics. In this chapter I will not seriously

attempt as much. Instead, I will assume that even presentists can introduce

a mathematical representation of times, and use that to model experiments.34

Times are mere representations: they are useful, but limited conceptual tools

for understanding how three-dimensional systems change. This system of times

will also function differently from those that physicists are used to.

The crucial difference between the presentist’s use of times, and those used

elsewhere, is that the presentist’s description of a system at a given time will

differ depending on what time it is now. Instead of describing a system at t

simpliciter, one must describe it at t from the standpoint of the present time tp. If

t = tp then one is describing reality as it exists now, whereas if t 6= tp then one

is describing what can be represented for the system at t by drawing on present

reality in combination with the laws of nature.35 It would make sense to start by

considering a time tp = t1 at the experiment’s beginning. We represent possible

futures with a PDF, which provides a weighted distribution of states that the

system could evolve into by the ‘next’ time, t2. We pick one of those options to

examine, and then construct a new representation of the system from that state,

tp = t2. The process repeats for a series of times throughout the experiment.

33This is a traditional view, as noted in §1.1.1. See Russell (1937, pp. 465-473).
34I introduced some strategies for defining ‘times’ in §2.3, but it would be sufficient here to

define them purely in terms of the present state, plus the laws of nature.
35A claim of this kind would, arguably, not be properly about the system at t. I touched on this

point when discussing truthmaking in §3.2.1, but see also Baron (2013a).

129



We can get an approximate understanding of systems by calculating their likely

evolution at key times, and the higher the number and resolution of times that

we pick, the more precise our picture of the experiment becomes.

These assumptions also call into question a second practice of physicists.

Systems are often described as having properties like velocity, momentum, and

spin, which are defined in terms of time-derivatives. It is unclear whether such

properties could exist in a presentist world. If they did, the assumption of

pseudo-classicality might require them to have determinate values, while the

assumption of stochasticity might require them to have indeterminate values.

Perhaps presentists should therefore maintain that properties of this kind are

unreal. This is defensible: there are already other interpretations which describe

quantum systems in terms of positions, or other non-time-derivative-dependent

properties, alone.36 With that said, properties like velocity and spin might be

salvaged if they could be distinguished from changes in position or orientation.

A particle’s motion might be indeterministic not because its velocity is unreal,

or described by a Ψ or PDF, but rather because it has a determinate velocity

property that fails to completely dictate the particle’s evolution. Such a velocity

property would not be straightforwardly equivalent to the time-derivative of

position,37 removing any immediate need for the presentist to articulate what

the time-derivative of position means under their view. In what follows I avoid

committing to a particular view about whether such properties exist. Instead I

describe dynamics for a generic property P , using the system of times outlined

above. The state of P at t must be evaluated from some tp, and only through a

series of such evaluations can we build a picture of how P evolves.

36This is known in de Broglie-Bohm theory: see Bohm (1952b) and Bacciagaluppi (1999).
37Perhaps for example it could be understood as a propensity: see Popper (1959; 1982).
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5.3.2 Dynamical theory

Let us model particles simply as sets of all of their properties. A property P

of particle a at time t, as considered from a time tp, is denoted Pa(t, tp).38 A

system S is modelled as the set of all properties of all particles in that system,

S(t, tp) = {Pa(t, tp)}. By assumption all properties of a system at present S(tp, tp)

have single, determinate values. The representation of a system at nonpresent

times S(tn, tp) takes the form of a PDF, which is derived from S(tp, tp) by a func-

tion S(tn, tp) = f(S(tp, tp), tn). The system evolves from S(tp, tp) into a weighted

random selection of one of the states in S(tp+1, tp), for the ‘next’ time tp+1. So,

broadly speaking, system evolution is indeterministic, but is constrained to a

PDF that is determined by the present state. Within presentism, that must be

so: only the present exists, so nothing beyond the present could determine that

PDF. The function f is crucial: it contains all laws of nature relevant to the sys-

tem, and it is within the mathematics of this function that complex Ψs might

enter into the theory. The features of f will determine a great deal about how

the world functions. For example, if f is such that the PDF for each property

Pa(tn, tp) depends only on the properties of that same particle, a, then the theory

will be local. If Pa(tn, tp) is determined at least in part by properties of other par-

ticles, however, then the theory would be nonlocal. As noted in §5.2.1, I allow

for nonlocal influences within the theory articulated here.

Recreating Nelsonian dynamics within this system would not be difficult.

We could stipulate that f combines a deterministic component with a stochastic

Wiener process,39 so that the expected change in a property is given by the PDF:

ρ(∆Pa(∆t, tp),∆t) =
1√

4πν∆t
exp(−(∆Pa − b∆t)2

4ν∆t
), ν =

~
2m

(5.1)

38One could also model relations as properties of many particles at once, Pa,b,...(t, tp).
39I would again direct the reader to E. Nelson (1966) and Bacciagaluppi (1999) for details.
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Where b depends on a stipulated value for Ψ. This is hardly illuminating: we

seek an interpretation of quantum behaviour, not just a mathematics describing

it. Such a theory would just be Nelsonian mechanics with presentism ‘tacked

on’, and it would likely run into the same pitfalls as those discussed in §5.2.1.

Presentists can do better by drawing on certain features of the path integral

formalism,40 as was hinted at in §3.4. I will briefly summarise this formalism,

before showing how it might be integrated into the presentist approach.

Feynman Path Dynamics

Within the path integral formalism, quantum systems are analysed by asking a

specific sort of question. An observable Pa is measured at time t1. For now I

will denote this observable merely as Pa(t1), since the ‘standpoint’ time tp is not

a feature of this formalism. At a later time t4 another measurement is made,41 of

observable Qb(t4). In general these observables can be different, but for now I

will assume that P = Q and a = b: we measure the same property, for the same

particle, twice. Now we ask the question: for a given system, and a given Pa(t1)

value, what Pa(t4) values might we measure, and with what probabilities? The

answer is calculated using a weighted sum of all possible paths from Pa(t1) to

each possible Pa(t4) state. Depending on the approach taken, Ψ can feature in

this formalism as a step in the mathematical process. Specifically, the value of

Ψ for each Pa(t4) can be derived from the paths using the equation:

Ψ(Pa(t4)) =
1

Z

∫
All paths

exp(
iS

~
)Ψ0(Pa(t1)) (5.2)

40Introduced by Feynman (1948). I will focus on textbook theory: see for example Sakurai (1994,
pp. 116-123). For more on the uses of this formalism see Khandekar and Lawande (1986).

41Why t4, and not t2? I go on to discuss other times between the two (see figures below).
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Here Z is a normalisation factor, Ψ0 is a δ−function, and S is the classical action.

The probability of measuring any given value of Pa at t4 is given by |Ψ(Pa(t4))|2,

but there are other equivalent ways of calculating these probabilities, so we

need not take it that Ψ exists. More heavily leaned on is the action S, derived

from each path’s Lagrangian L, which in turn depends on the potential along

that path. So this formalism invokes a potential field to determine which paths

are more or less probable, though there are several differences between this po-

tential field and the ‘quantum potential’ proposed by de Broglie-Bohm theorists.

The former is real- rather than complex-valued, is unconstrained by the Born

rule, and can take appreciable values everywhere throughout a system rather

than taking the form of a ‘wave packet’ travelling with a specific LB. Where

complex mathematics enters the theory is in the weighted integral ‘sum’ across

possible paths. This is not a straightforward addition of probabilities: rather,

one derives from the action a complex-valued amplitude for each path, and in-

tegrating across them gives rise to interference effects. In general, there will be

uncertainty about what the final measurement will yield. Given a particular

measured value for Pa(t1), one can construct a PDF for the final measurement

by performing a separate integral sum for every possible Pa(t4) value.

A simple system S is represented in Figure 5.1. Measurements are assumed

to be ideal, so the state at t1 has an exact value. I plot separate subfigures for

S as considered from each time t1 through t4: although I have not yet incorpo-

rated presentism into this picture, there is some value in representing systems

in this way from the beginning. After all, before t4 becomes present we might

represent that state using a PDF, to display all of the possible values for the mea-

surement at Pa. Once t4 becomes present and a measurement occurs, however,

we represent an exact value for Pa(t4). So there are at least some differences

between these cases even before presentism comes into the picture.
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?
(b) t2 = present
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?
(c) t3 = present
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(d) t4 = present

Figure 5.1: The evolution of a system S understood using path integration. (a)
depicts S after an initial measurement at t1, when there are two possible out-
comes at t4 to consider. This formalism provides little means to assess the state
when t2 or t3 are present, beyond a repetition of (a). (d) depicts S after a second
measurement at t4. S has a specific Pa state at t1 and t4, but not in between.

What can be said of S between measurements, at t2 and t3? One tempting

answer is that there is merely a classical uncertainty about which path S follows.

The experimenter does not know which path S is in, but its underlying state

does lie in just one path. This answer runs into serious problems, however, as

shown in Figure 5.2. Assuming that S has a certain state throughout t1 to t4

is equivalent to assuming that a measurement is performed on S at every point

throughout its trajectory, even if the results of those measurements are not seen

by any experimenter. The PDF at t4 would then consist of a simple addition

of the probability amplitudes for each possible path, without any interference

terms. There is a simple intuition behind this idea: if there is only a classical un-

certainty about which path S follows then one could not expect different paths

to interfere with one another, since the underlying state of S just consists of one

trajectory while the other paths are moot. This approach yields a different, and

hence incorrect, calculation of likely measurement outcomes.

Traditionally, the path integral formalism would be thought to say nothing

about S at t2 and t3. The formalism is only used to calculate the outcomes of

measurements, and to do so it uses ‘possible paths’, but these are understood as

mere mathematical tools rather than as literal descriptions of systems between

measurements. This agnosticism does leave room for some interpretations to go
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Figure 5.2: The evolution of a system S assuming an unknown but certain state
at times t2 and t3 between measurements. Dashed lines represent paths with a
merely classical uncertainty. Since these will not interfere with ‘genuine’ paths
(e.g. at t3), even the experimenter will across multiple trials notice a change in
the PDF of t4 states. So this is not equivalent to Figure 5.1.

further. Everettians, for example, might describe S as properly traversing every

path at once. All of them exist, and they literally interfere with one another.42

Before moving on, it will be worth noting that one can ‘cut up’ the calcula-

tion of the PDF at t4 into two (or more) parts. This is done by calculating Ψ for

an intermediate time like t2, using the Ψ equation above. One can then calcu-

late the PDF at t4 by summing across all possible paths from t2 to t4, with each

weighted according to both the amplitude of the path itself, and the amplitudes

of Ψ(t2). One can think of this trick as splitting up the question ‘what state will

S be in at t4?’ into the questions ‘what state will S be in at t2?’ and ‘how might

S then evolve from t2 to t4?’. Note, however, that it is neither an exact state at t2,

nor a PDF of possible states at t2, that dictates how paths from t2 are weighed

when calculating the final PDF. Rather it is the value of Ψ that determines this,

which means that there is a complex phase associated with each t2 state in that

calculation. This ensures that path interference at t3 still occurs in the normal

way. This will be crucial in what follows, since the same trick is used to calcu-

late how systems evolve within a presentist interpretation. The presence of this

phase will turn out to be a point of some intrigue for the theory.

42For more on Everettian approaches to path integration see Sharlow (2007). For examples of
other realist approaches to possible paths see Kent (2013) and Wharton (2013).
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Presentist Dynamics

Within a pseudo-classical presentist system, present properties Pa(tp, tp) have

determinate values whether they are being measured or not. Nonpresent prop-

erties do not exist at all, however, so one cannot describe a system S in the

manner of Figures 5.2b or 5.2c, with determinate values at all of t1, t2, and t3.

Instead, we have to acknowledge what it is that exists, presently, at each time,

and what possible pasts and futures can be extrapolated from that. Once the

system reaches t3, for example, there can be multiple possible paths through

t2 that factor into the calculation of its subsequent dynamics. Such a system is

represented in Figure 5.3. I distinguish between the real Pa(tp, tp) in blue, and

the represented Pa(tn, tp) in black. Figure 5.3a represents the system when t1 is

present, similar to Figure 5.1a. Both depict Pa(t1, t1) as having an exact value,

while the values of other Pa(tn, t1) are merely represented by possible paths.

Within the path integral formalism, this is thought to display the real value of

Pa(t1, t1), and also what the experimenter should predict for the measurement at

t4. The presentist understands this figure in the same way, but she also under-

stands it to depict the system’s open future. These trajectories are ones that the

system could genuinely evolve down, given its state now.43

In Figure 5.3b the system has followed one such path, and has an exact value

for Pa(t2, t2). Now the possible paths of S are more limited, in part due to the

existence of an idealised measuring device. This device is a part of the present

reality from which possible paths are derived, and its state is only consistent

with one specific Pa(t1, t2). This constrains the evolution of S to just one path,

while there is merely a classical uncertainty associated with other paths. One

might worry, then, that this would lead to the same problems as in Figure 5.2.

43As this indicates, there is a close relationship between openness and modal possibility. I will
not delve into it here, but for more on modality in Lagrangian mechanics see Butterfield (2002).
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Figure 5.3: The evolution of a presentist system S. Paths that do not pass
through the definite present state (blue) have a classical uncertainty (dashed).
In every diagram there is a single t1-state that is consistent with what exists
presently, in light of the measuring device. The evolution of S is constrained by
this t1-state, but no such constraint exists for unmeasured states. In (c) there are
two paths that are consistent with the state at t3, so S evolves according to an
interfering sum of them. S therefore has a definite present state throughout its
evolution, but the PDF of final t4 states remains unchanged from Figure 5.1.

Consider however Figure 5.3c, when t3 is present. The evolution of S from

here is influenced by those things that exist, including the exact Pa(t3, t3), and

the state of the measuring device. Crucially, a property like Pa(t2, t3) does not

exist, nor does there exist anything else consistent with only a specific value for

it. The system has ‘forgotten’ its state at t2, such that multiple paths through

t2 are consistent with the state now. These paths are included in the integral

calculation, interference and all, when determining how the system will evolve.

There is still some classical uncertainty at play: paths not through Pa(t3, t3) are

not included in the calculation. These components would not interfere with the

paths through Pa(t3, t3) anyway, however, so no interference terms are lost. The

expected measurement values at t4 remain unaltered from Figure 5.1.

Finally, Figures 5.1d and 5.3d are very similar. The measurement of Pa(t4, t4)

yields an exact value, which corresponds to the real, exact value of that prop-

erty at that time. There is also an exact value given for Pa(t1, t4). In Figure 5.1d,

S was understood to straightforwardly have that value at t1, shown in blue. In

a presentist interpretation this is not so, because properties ‘at t1’ do not exist.

There does exist an idealised measuring device, however, and from this we can
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extrapolate an exact Pa(t1, t4), shown in black. What about Pa(t2, t4) or Pa(t3, t4)?

In the path integral formalism, we model S at these times using a set of possi-

ble paths, but we do not take S to exist as some plurality of them. Rather, we

are mysteriously unable to say anything about the state of S between measure-

ments. The presentist also denies that the past exists as a plurality of paths, but

this is explained by the fact that the past does not exist at all. She understands

these paths to depict the system’s open past: they are trajectories that S could

genuinely have evolved from, given its state now. Nothing exists that would

pick out either path as the ‘true’ trajectory of S.

While this interpretation does describe some paths as classically uncertain,

this does not erase interference effects. The fact that quantum reality is forgetful,

particularly outside of measurement, ensures that the appropriate interference

terms are retained in the presentist’s dynamics, yielding the same experimental

predictions as we find in standard quantum theory.44 It is simple to generalise

this to cases where measurements are of different system properties, or where

they are unideal. One would merely represent the measured Pa(t1, tp) as a range

of values consistent with the present, rather than being specific. In either case,

systems will not generally follow a smooth path, as was depicted in the simple

example of Figure 5.3. Instead, we expect systems to follow the characteristic

‘zigzags’ of the path integral formalism. Particles (LBs) move by continuously

changing directions, careening around the place in exactly the fashion of the de

Broglie-Bohm and Nelsonian views from §5.2.1. Systems do not and cannot

evolve in a smooth way, because they lack any retained properties or ‘memories’

representing a specific trajectory that they might have evolved from.

44This idea has arisen before in delayed-choice experiments. In Wheeler’s original work he
claims that ‘the lesson presents itself rather as this, that the past has no existence except as it
is recorded in the present’ (1978, p. 41). My interpretation draws on similar thinking, though
I lean less on recordings: when the particle lies unmeasured in the second beam-splitter, it
exists, but there is no fact-of-the-matter about which path it took to get there. For more on this
subject see Scully, Englert, and Walther (1991), Hiley and Callaghan (2006), and Egg (2013).
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It is worth briefly reviewing the mathematics governing system evolution

under this view. Earlier I noted that dynamics is captured by a function f , which

dictates how systems evolve into the ‘next infinitesimal moment’. A solution for

f can be found by using the mathematical trick noted in §5.3.2, in the limit that

a system S is ‘cut up’ into infinitely many sections. This would reduce the usual

path integral to a series of infinitesimal integrals, each from a possible state at

some tp, to the ‘next’ possible state at tp+1. The presentist claims that it is exactly

this infinitesimal integral equation that tells us how likely a system is to evolve

in any given way, based on how it exists now.45 Crucially, the presentist does not

require any additional mathematics or novel laws of nature to describe system

dynamics. Generally speaking, systems are more likely to evolve down paths

with a lower action, that run against a lower potential gradient, subject to the

familiar interference effects that the path integral equations describe.

As quantum theory goes, this is mathematically very simple. So what’s the

catch? I noted earlier that the trick of ‘cutting up’ path integrals requires a

phase for each system state at times between measurement. This ensures that

path interference plays out as we observe it to. So if the path integral formula

dictates system evolution under the presentist interpretation, then this phase

component will need to feature somewhere. Perhaps LBs exist in the three-

dimensional present, and have determinate values for all of their properties,

but also have intrinsic phases that influence how they evolve. There are clearly

questions to be asked about what these phases are, ontologically speaking. On

the face of it they might be complex-valued properties, but they could plausibly

be understood in other ways so long as any given property Pa bears some sort of

a ‘rotational component’. It is also plausible that phases could yet be explained

away as features of the laws, or the mathematics of system evolution, rather

45It may be possible to reformulate the quantum least action principle to remove any references
to times. Barbour (2009) does so, for example, but not in a presentist context.
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than as properties of LBs per se. I will leave a proper exploration of this issue

for further work, but it will be worth bearing this difficulty in mind as I move

to consider how the presentist approach compares to other interpretations.

5.3.3 What makes the presentist interpretation unique?

The view above shares a lot in common with other hidden-variables theories.

Its experimental predictions are identical, as is its description of underlying LB

dynamics. Particles continuously change directions in a Brownian motion. This

motion is either fundamentally stochastic, as in the presentist and Nelsonian

theories, or deterministic but highly chaotic, as in de Broglie-Bohm theory. A

presentist ontology does not clearly contradict other hidden-variables theories

either, since these interpretations tend not to explicitly commit to a metaphys-

ical position about time. So are there any clear ways in which the presentist

approach differs from the other hidden-variables theories from §5.2.1?

Firstly, the presentist posits that LB evolution is influenced by a classical

potential, perhaps in combination with intrinsic phases. This differs from other

hidden-variables theories, which instead lean on quantum potentials closely re-

lated to Ψ. The assumption of presentism was necessary to make this shift, as

otherwise a system with no quantum potential and an entire determinate trajec-

tory between measurements would not undergo interference effects, as depicted

in Figure 5.2. With that said, this ‘classical’ potential still has some unusual fea-

tures. Measuring devices, in particular, have a profound impact on it. I would

refer the reader back to the double-slit example in §3.4, where the measurement

must somehow alter the potential of the system, or the intrinsic phase of the

particle, such that it alters the PDF of possible measurement outcomes.

Secondly, the presentist explains the odd behaviour of quantum systems by

leaning on ontology over nomology. On a nomological level, nothing prevents a
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presentist system from evolving down a single, determinate path. This would

occur if there were only a single possible path, or if the magnitude of a single

path were one while all others were zero. The reason this does not occur is

that reality is limited to the present. After a particle traverses a double-slit,

for example, there exists little to narrow the possibilities for where it might go

next, particularly if no measurement was made. The presentist draws on this to

explain the particle’s stochastic motion. In other intepretations, nomology does

the heavy lifting instead. The de Broglie-Bohm theorist depicts LBs as having

determinate trajectories across time, nothing about which suggests that they

could not follow smooth, consistent paths. It is stipulated in the laws, however,

that the interactions between LBs and Ψ are highly chaotic, or in the Nelsonian

case that they are fundamentally stochastic. These laws ensure that particles

evolve in the erratic manner described. So even if these interpretations have

identical dynamics, there are still differences in how that dynamics is explained.

Thirdly, adopting presentism leads to other important consequences for the

ontology of hidden-variables theories, beyond the features of the dynamical

theory discussed in this section. I noted in §3.4.2 that presentists can uniquely

characterise time as directionless, and I also discussed in chapter 4 how presen-

tism allows for an absolute present without any generalised simultaneity. In the

next section I will explore the strengths of this presentist approach, including

the strengths of these other ontological features. I will argue that even if the

dynamical theory is similar, there are still reasons to think that presentism has

advantages to offer over other hidden-variables theories.

5.4. Merits of the presentist approach

Now that the presentist position has been outlined, I will briefly consider how

it stands up against other hidden-variables views. I will focus on the plausible
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advantages of presentism, though the view will also have its disadvantages,

some of which I will make note of along the way. In §5.4.1 I will discuss how

these views explain quantum systems. In §5.4.2 I will argue that presentism

invokes a less-problematic field ontology. In §5.4.3 I will discuss problems of

temporal (a)symmetry. Finally in §5.4.4 I will consider how presentists make

sense of spatial and temporal nonlocality. These discussions will be exploratory

at best: in each case I will only seek to nod towards some potential strengths of

the view, leaving aside any proper discussions for further work.

5.4.1 Explanations of quantum behaviour

I noted in §5.3.3 that presentists look to ontology to explain quantum behaviour,

where other hidden-variables theorists lean on nomology. This dichotomy is

not totally clear-cut: the laws within presentism still explain dynamics in part,46

as does ontology within other theories. I would nonetheless suggest that the

presentist explanation has some unique attractions.47 Firstly, the nomological

explanations given by other hidden-variables theorists can suffer from a certain

degree of inscrutability. In Nelsonian mechanics, for example, LBs are simply

stipulated to evolve with a component of Brownian motion without any firm ex-

planation or cause: the laws just say so. It is hard to say how serious a problem

this is. Every interpretation has its fundamental postulates, so one might not

criticise Nelson too heavily for proposing his own. Nonetheless, it is a strength

of the presentist account that it can do better. Rather than proposing novel laws,

the presentist draws on the familiar quantum mechanical least-action principle,

46The proposed view leans on a quantum-mechanical least action principle, for example. There
are questions to be asked about how to interpret such principles, and what they do or do not
explain. For more on this topic see Smart and Thébault (2013) and Terekhovich (2018).

47I will not properly explore what makes for a better explanation in general, but for more on the
challenges of explaining quantum phenomena see Salmon (1984, pp. 242-259).
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but the evolution this yields is constrained by the limits of a presentist world.48

An ontological explanation of this kind ‘sticks its neck out’: there is a sensible

debate to be had about whether presentism is a convincing ontology, a debate

that presentists could in theory lose.49 If presentists can hold their own, how-

ever, then their explanations of quantum phenomena might boast a greater level

of depth than the mere assertion that the laws are as the laws are.

The presentist interpretation might also boast a clearer explanation of the

link between measurement outcomes, and the determinate properties of LBs

that those measurements purport to target. One criticism levied against de

Broglie-Bohm theorists is that Ψ, if it exists, might fully explain measurement

results on its own. If that were so, then measurements might fail to tell us any-

thing about LBs.50 Presentists, however, firmly deny the existence of Ψ. They

instead lean on a real-valued classical potential that, while reactive to system

disturbances like measurement, does not explain measurement results on its

own. LBs genuinely determine measurement outcomes under this approach,

in the manner described in §3.4.4. In general, then, there are ways in which pre-

sentists might have an explanatory edge over other hidden-variables theorists.

5.4.2 Concerns over potential structure

Marrying measurement with an underlying pseudo-classical ontology is not the

only comparative advantage of a classical potential. I noted in §5.2.1 that Ψ has

some curious qualities, which make it a troublesome candidate for a real, physi-

cal ‘field’. For a start Ψ is complex-valued, which for example gave Schrödinger

48This could be what Einstein (1919/1954) famously called a constructive theory: it posits a fun-
damental ontology and argues that the phenomena arise from it. Interpretations that lean
more heavily on mathematical laws might fall more to the descriptive ‘principle’ side, lessen-
ing their explanatory power. For a modern reflection on Einstein’s views see Lange (2014).

49Though some have argued that the presentism/eternalism debate is misguided. I discussed
this in chapter 2, but see also C. Williams (1996), Savitt (2006), and Deasy (2019a).

50I noted this stance of Brown and Wallace (2005) in fn. 23, §5.2.1. See also Zeh (1999).
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serious reservations about regarding it as real.51 I noted in §5.3.2 that presentists

may need to make room for a phase component, however, so presentists might

be unable to avoid the troubles of complex numbers even if they can avoid them

in the potential they propose. Ψ faces another structural problem, however: if

it exists, then it is unclear why or how it satisfies the Born rule.52 A statistical

interpretation of Ψ would allow for us to make sense of why the area beneath it

always adds to one, but there is no clear reason why a physical potential should

behave in this way. The de Broglie-Bohm theorist may struggle to explain why

Ψ takes the form of a normalisable wave-packet around an LB, rather than be-

ing a sine wave, say, or any other non-normalisable function. The presentist’s

potential is untroubled by such concerns. The point where presentists need to

worry about the Born rule is during the summation across all of the paths that

a system could evolve down. Given the assumption of pseudo-classicality, one

can stipulate that systems evolve in just one way, rather than following many

paths at once. This allows for the sum across paths to trivially satisfy the Born

rule without placing any further restrictions on the classical potential.

Realist views of potentials face another challenge: potentials are invariant

under certain sorts of gauge transformations. The electromagnetic four-potential

Aα = (φ,A), for example, is invariant under (φ,A) → (φ − ∂ψ
∂t
,A + ∇ψ) for

any arbitrary differentiable function ψ(t,x). An infinite class of different Aα

functions would therefore yield the same experimental results. If Aα exists, it

would be impossible for experimenters to determine which function is the real

Aα. Bohm recognised this issue, but took it as an implication of the Aharonov-

Bohm effect that a potential of this kind must be physical nonetheless.53 While

51See Przibram et al. (1967, p. 56). For more on the history and on attempts to avoid complex
number realism see Bigelow (1988, ch. 13-14), Callender (2020) and Renou et al. (2021).

52For more on this problem for de Broglie-Bohm theory see Callender (2007).
53Particles seem to interact with EM potentials in areas where E and B are zero. See Aharonov

and Bohm (1959), Gerry and Singh (1979), and Aharonov, Cohen, and Rohrlich (2015).
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there are other solutions to the Aharonov-Bohm effect, they also invoke odd

commitments such as nonlocal field interactions, or irreducible properties of

spacetime loops or holonomies.54 I suspect that the presentist will be forced to

bite the same bullet as Bohm, but there could be interesting links between this

position and the commitment of presentism that are worth exploring further.

While four-dimensional terms like Aα might be useful when modelling the ob-

served past, the potential as it exists in the present would have to take a different

form. Transformations like φ → φ− ∂ψ
∂t

do not seem to make sense in this three-

dimensional context. So while potentials might give rise to representations that

are gauge-invariant, what exists of them might not turn out to be too problem-

atic. While this is an outstanding issue for presentists, it is not obvious that they

will fare any worse on this front than other hidden-variables theorists.

5.4.3 Temporal (a)symmetry

In §3.4.2 I argued that presentists should not understand time as directional. As

per chapter 2, presentists deny the reality of a temporal dimension, and instead

understand time or change to exist in the form of temporal passage. Elsewhere

presentists have often understood passage in terms of absolute truths or tensed

facts about the nonpresent. This would construe passage as directional, since

the underlying truths or facts would be directional too.55 In chapter 3 I rejected

such approaches to presentist truthmaking, and accordingly I reject that passage

should be understood as having an intrinsic direction. Passage does not occur

forwards or backwards: it just occurs.

This has important consequences for temporal (a)symmetry. The laws of

Ψ-evolution are symmetric under time-reversal. Measurement, however, and

54For a summary see Lyre (2009), and for a defence of the latter position see Healey (2001).
55Directional passage is assumed for presentism, with little fanfare and for reasons of this kind,

by the likes of Prior (1962), Markosian (1993), Price (2009), and Leininger (2015).
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other macroscopic physical processes such as those from thermodynamics seem

to be time-asymmetric. Ovens empty of hot gas when they are opened, but hot

gas does not flow into ovens as they are closed.56 It seems impossible for these

time-asymmetric processes to arise out of a more fundamental time-symmetric

physics, but if that is so then where does the time-asymmetry come from?57

More generally, a time-symmetric physics can lead to odd results if time is

treated as a dimension. E. Nelson, for example, describes an electron within

a hydrogen atom as tending to move towards the nucleus ‘no matter which

direction we take for time’ (1966, p. 1079). This makes no sense if tending to-

wards the nucleus in one direction in time is equivalent to tending away from

the nucleus in the other direction.

There are several contested solutions to these problems that I will not be

covering here.58 Usefully, however, adopting presentism allows for these issues

to be completely avoided. Because time does not pass in a direction, there is

some ambiguity about what ‘time-reversal’ could even mean. At best, one can

compare reality to another possible world with laws that are similar to ours,

but with plus signs exchanged for minus signs and vice versa. Crucially, the

presentist is not committed to any particular view about what would happen in

such a world: it need not be the case that everything in it evolves in the oppo-

site fashion to how they actually do. This world is just something strange that

we are speculating about, rather than being ‘our world, viewed backwards’.

Within non-presentist ontologies, the claims ‘opening ovens empties them of

hot gas, under time-reversal’ and ‘closing ovens does not fill them with hot

gas’ are contradictory, since these claims are equivalent. Within presentism,

56For a more detailed discussion of time-asymmetry in thermodynamics see North (2011).
57Time asymmetric physical processes are also discussed in relation to the time asymmetry of

everyday experience. See Hartle (2005) and M. Barrett and Sober (1992).
58See for example Earman (2006) and North (2011).
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however, these two claims are compatible, since time-reversal does not bear the

same implications as it does within other views. Likewise, the presentist can ac-

cept that an electron in a hydrogen atom is attracted to the nucleus, and would

still be so even if some of the signs in the laws were reversed. The same goes for

other temporal asymmetries, in quantum theory or otherwise. So unlike other

hidden-variables theorists, the presentist has a straightforward solution to the

problems of temporal (a)symmetry.59

5.4.4 Spatial and temporal nonlocality

Finally, there is a long-standing debate about nonlocal physical processes within

quantum mechanics. Most of these debates concern spatial nonlocality. If one of

a pair of entangled particles is measured, for example, then something seems to

happen to the other particle instantly.60 Perhaps it collapses (in GRW theory),

or perhaps it becomes entangled with the experimenter (in Everettian theory),

or perhaps the pilot wave at its location changes (in de Broglie-Bohm theory).61

One way or another, something seems to happen, and it seems to happen simul-

taneously with the act of measurement. In pseudo-classical theories this problem

is particularly pronounced, since LBs would literally adjust their motions from

the instant a measurement occurs. The absolute simultaneity that this seems to

invoke might then contradict the theories of relativity.62

My arguments in chapter 4 pave the way for presentists to accommodate

nonlocality without contradicting relativity. Because entangled particles each

exist in the three-dimensional present, we might say that they are simultane-

ous. In §4.3 I argued that this simultaneity ‘by definition’ would not translate

59It has also been argued that the time-asymmetries in quantum theory are themselves evidence
of A-theoretic temporal passage. See Ellis (2008).

60As famously posed by Einstein, Podolsky, and Rosen (1935) and replied to by Bohr (1935).
61For more on EPR in the de Broglie-Bohm context see Bohm and Hiley (1988).
62See Esfeld (2015) for a discussion of this problem in the presentist context.
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into observation, and the existence of nonlocal quantum interactions would not

undermine that argument. Such interactions are not information-carrying, nor do

they allow for us to represent particular pairs of events as absolutely simulta-

neous.63 When looking back on an EPRB experiment, for example, an observer

will know from measuring one particle as spin-up that the other particle should

be represented as spin-down. They will represent an entire trajectory for that

second particle, however, without any information as to when in its flight it be-

comes spin-down. So we still fail to observe any absolute simultaneity relations.

While nonlocal action would still be ‘spooky’, the simultaneity element in par-

ticular is not mysterious to the presentist. By contrast, other hidden-variables

theorists could struggle on this point. They might, for example, assume a four-

dimensional ontology that does not easily allow for simultaneity, without that

amounting to a whole series of absolute ‘slices’. Such a position might run more

directly into conflict with relativistic physics.64

Alongside spatial nonlocality, there is also a growing literature on temporal

nonlocality within quantum mechanics.65 Could influences be transmitted from

an entity at t1 to another at t3, without traversing t2 along the way? On a related

note, some argue that there might be retrocausality within quantum mechanics,

which could either be temporally local (from t4 to t3) or nonlocal (from t5 to t3,

without traversing t4). None of this behaviour is compatible with presentism:

there do not exist multiple times, so when t3 is present there is no t1 or t5 for

influences to be transmitted from. Since passage is nondirectional, there is also

no room for backwards causation within the theory.66 There is currently no firm

evidence that temporal nonlocality or retrocausality exists, but if such evidence

63This is well-understood for EPR-style experiments. For more details see Blaylock (2010).
64There are other options, e.g. the growing block and moving spotlight views from chapter 4.
65See Filk (2013) and Adlam (2018).
66Adlam (2018, p. 4) recognises these tensions, and speculates that the historical popularity of

presentism might in part explain the lack of historical support for temporal nonlocality.
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were to emerge then that could put presentists in a difficult position.67

In the meantime, presentists may have a stonger justification for assuming

temporal locality than is available to other hidden-variables theorists. Adlam

points out that ‘the combination of spatial nonlocality, temporal locality, and

special relativity is straightforwardly inconsistent, since an instance of spatial

nonlocality becomes an instance of temporal nonlocality under a change of ref-

erence frame’ (2018, p. 5). She calls this ‘the main stumbling block’ of de Broglie-

Bohm theory. Presentists can do better by distinguishing the present, which is

real, from the past, which we merely represent through observation. The former

is three-dimensional, is not modelled by relativistic reference frames, and fea-

tures spatial but not temporal nonlocality. The latter is modelled as a relativis-

tic four-dimensional manifold, without a clear distinction between spatial and

temporal nonlocality. In neither regime do we apply all of the inconsistent no-

tions above. It is also only when representing the unreal past and future that we

employ what Wharton (2012) calls a Lagrangian schema: that is, we use a system

where each path’s action is assessed holistically, rather than as evolving into a

final state derived from an initial one. The presentist has a convenient explana-

tion for this: the existing present has a determinate state, and evolves according

to evolutionary laws, but our observations of the past consist of representations

of many states across many times. One can analyse those representations with

formalisms that describe entire paths and trajectories ‘as a piece’, rather than

being restricted to deriving later states from earlier ones. So unlike their rivals,

presentists can explain why we treat Lagrangian systems as mere mathematical

tools, while Newtonian systems (models of evolving states) are treated as ap-

proximate descriptions of reality, without that merely being what Adlam calls a

‘prejudice in favour of temporal locality’ (2018, p. 11).

67Some debate whether delayed choice experiments might invoke retrocausality, for example.
See Egg (2013), Ellerman (2015), Chaves, Lemos, and Pienaar (2018), and Fankhauser (2019).
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5.5. Conclusion

In this chapter I have introduced a novel interpretation of quantum mechanics,

built around a presentist temporal ontology. By adopting presentism, one can

explain quantum behaviour using familiar least-action principles, while main-

taining a pseudo-classical ontology. Particles are local beables with determi-

nate states, but their evolution is stochastic. We describe a system as having

an open past and future, without a single determinate trajectory. This work

is still exploratory: I have provided a broad outline of the view and some

plausible attractions of it, but much remains to be done before this interpre-

tation could be understood in depth. I have also not analysed whether there

is a realistic prospect for this presentist treatment to find its way beyond non-

relativistic quantum mechanics, into theories of quantum gravity. Nonetheless,

this approach is noteworthy for its centralisation of temporal ontology when ex-

plaining quantum systems, and it shows that presentist approaches to modern

physics are at least worthy of further exploration.
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Chapter 6: Conclusion

In this thesis I presented four main arguments: two in defence of presentism,

one in defence of A-theories more broadly, and a fourth on how presentism

could be applied to the physical sciences. In chapter 2 I argued that presentism

should be defined negatively, as the denial that reality is temporally extended.

In chapter 3 I introduced and defended a novel approach to presentist truth-

making, called hard presentism. Under this view, not only do the past and future

not exist, but there are also no truths about them. In chapter 4 I argued that tem-

poral A-theories can be reconciled with the theories of relativity by adopting a

deflationary understanding of copresentness. While pairs of present things are

by definition copresent, this does not give rise to any absolute simultaneity re-

lations between pairs of past things, nor to any observations representing as

much. Finally in chapter 5 I explored a new approach to interpeting quantum

theory. By adopting a presentist ontology, hidden-variables theorists might be

better-placed to explain the behaviour of quantum systems. It is worth stressing

that chapter 5 is exploratory at best: more work would need to be done before

it could be known how advantageous this approach might be.

To conclude, I will consider the view that is formed if all of these arguments

are accepted together. This would be a presentist theory of time that answers

the definitional issues from chapter 2, the truthmaker objection from chapter 3,

and the problem of relativity from chapter 4, all while shedding new light on

quantum mechanics as described in chapter 5. After outlining the core features

of this position in §6.1, I will explore a few brief applications of it in §6.2. This

section will serve as an opportunity to highlight a few basic consquences of

the view, while also identifying some areas where further research could be

valuable. I will then conclude the thesis with some final remarks in §6.3.
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6.1. The Forgetful World

I will begin by assuming presentism, as it was defined in chapter 2. Reality con-

sists of a distribution of objects in three-dimensional space. These objects might

be spatially extended, but they have no corresponding temporal extension. Yet,

there is temporal passage. Objects change, they move in three-dimensional space

in some manner that does not invoke a further, fourth dimension.1 By defi-

nition every object that exists can be described as being ‘present’, and all of

three-dimensional reality can be referred to collectively as ‘the present’. Next,

in light of the arguments made in chapter 3 I will assume two intuitive alethi-

ological principles: one of truthmaking, whereby all truths must supervene on

being,2 and one of aboutness, whereby truths can only supervene on those things

that they are about.3 These two principles, in conjunction with presentism as

defined above, imply that there are only truths about the present. While that

might include truths about how present things are changing, or about what can

be extrapolated from the present plus the laws of nature, neither of these are

properly about how things were, or how things will be. Both the past and future

can be described as open, though that is not to say that either exists in some

‘open state’. Rather, I use the term ‘open’ to indicate that neither the past nor

future exist, nor are there any truths about them, and so at best we can represent

them using a range of possibilities based on what exists presently.4

This view can be thought of as a ‘fully committed’ version of presentism.

Both ontology and alethiology are ‘stripped down’ to the present moment. I do

1I return to passage below, but see also my discussions in §1.3.1 and §2.3.
2For details on truthmaking theory see Fine (2017) and Cameron (2018).
3For a discussion in context see Baron (2013a).
4I accept the characterisation of openness given by Markosian (1995), including his claim that
an open past is justified by the same reasoning as an open future. For views challenging the
conflation of openness with the notions mentioned, see Barnes and Cameron (2008).
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not compromise by admitting some restricted ‘pseudo-existence’ for nonpre-

sent things, as was seen in some of the theories discussed in chapter 2. Indeed,

I argued that such ontologies should not be thought of as presentist at all. I

also do not compromise by admitting primitively tensed facts or abstract ersatz

times, as was seen in some of the theories discussed in chapter 3. This limits

what we have to work with when attempting to find connections between on-

tology and alethiology, on the one hand, and the theories and practices found

in science and everyday life, on the other. In the second half of this thesis I ap-

plied thinking of this kind to problems from the physical sciences. This began

in chapter 4, where I emphasised the importance of understanding observations

as representations of the past. The theories of relativity establish that we do not

represent absolute simultaneity relations among past things, but this need not

be a problem for the ‘fully committed’ presentist. If there are no truths about

past things, then there are clearly no truths about which past things were copre-

sent with which. As I argued in §4.3, even copresentness among present things

should be thought of as deflationary. Any pair of entities in three-dimensional

reality could, by definition, be said to be copresent. No harm in it.5 This will

not give rise to observations representing absolute simultaneity, however, and

so one can successfully maintain that reality is three-dimensional while avoid-

ing conflict with the theories of relativity.

By stripping from our metaphysics any understanding of past and future

events beyond a probabilistic representation, the hard presentist can approach

the indeterminacy of quantum systems from a new and interesting angle. I

assumed in chapter 5 that if there are truths about the past and future, they are

at least disconnected from physics, so that the evolution of physical systems can

only be a function of how they are presently rather than of their full trajectories.

5To allude once more to the language of van Inwagen (2008, p. 37).
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I gave no justification for this assumption: if there were truths about the past,

or if there were surrogate entities like ersatz times or truthmaking properties,

then there is no obvious prima facie reason why they must be disconnected from

system evolution. Within hard presentism there is no need to worry about this

problem, since there are no such truths or entities. The constraint of system

evolution to bounds determined by the present state alone, and the curious and

probabilistic behaviour this gives rise to, is a straightforward reflection of the

fact that there just is a present state, and nothing more.

I regard the views outlined in chapters 2, 4, and 5 to be very natural ones

for the hard presentist to adopt. I will therefore use ‘hard presentism’ to refer

the combination of these theories for the rest of this chapter. So why be a hard

presentist, so defined? I noted in chapter 1 that presentists often respond to ob-

jections by adding complicating extensions to their theories. When presentists

are accused of lacking a definition for their view, they respond by conceding

a restricted ontological status for the nonpresent, or by defining their view in

terms of some further, more fundamental structure of times. When presentists

are accused of failing to account for truths about the past, they respond by posit-

ing surrogate truthmaking properties, abstract ersatz times, or primitive tensed

facts. When presentists are accused of contradicting relativity, they invent new

notions of copresentness beyond ‘radar’ simultaneity, or they declare a particu-

lar reference frame to be undetectably privileged. These defences constitute new

and often unusual extensions on the presentist thesis, and though the merits

of each strategy differ, they can broadly be thought of as sacrificing the over-

all simplicity of presentism. These strategies are invoked in an attempt to save

presentism from having unintuitive consequences, but it is unclear that they in

fact succeed in preserving presentism’s intuitive strength. By contrast, I have re-

sponded to these objections by stripping back presentism to its essentials. While
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the resultant view is perhaps not intuitive, it may yet prove to have other merits

along the lines of parsimony. Hard presentism might not be for everyone, but

its strictly limited ontology and alethiology might appeal to, as Sider puts it,

‘lovers of desert landscapes’ (1999, p. 325).

There are, however, some important ways in which this view is incomplete.

The exploratory work on quantum theory discussed in chapter 5 is far from

comprehensive. More importantly, I have often referenced a notion of presen-

tist temporal passage without attempting to properly tackle how it should be

understood. In §1.3.1 I explained my reasoning for sidelining passage, and in-

dicated that passage primitivism could be a route worth exploring. It is worth

noting that the arguments raised in this thesis would restrict the approaches to

passage that are available to the presentist. One might intuitively define pas-

sage by leaning on a system of times, for example, but in chapter 2 I argued

that this could be misleading, and may reduce to a definition in terms of truths

and truthmaking surrogates. My rejection of this alethiology in chapter 3 im-

plies that presentists must look elsewhere for their understanding of passage.

In chapter 5 I drew on a representation of possible paths, constructed from what

exists presently, to model the ways in which systems could change. Yet this ap-

proach also has its limits: if we accept the arguments made in chapter 4, then

representations of the past built from observations in the present will also not

provide us with a structure of absolute times, and regardless it is not obvious

that passage could be defined purely in terms of the various possible pasts and

futures that the present is consistent with. So the presentist still has work to

do in understanding how passage is to be defined, and although I have argued

that my responses to the problems of definition, truthmaking, and relativity are

among the best that presentists have on offer, these responses may not make the

problem of passage any easier to grapple with.
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6.2. Three Brief Applications

The arguments raised in this thesis could have applications across metaphysics,

the philosophy of physics, and beyond. It is not my goal to fully explore such

ideas. Yet, to conclude I will briefly reflect on some of the more obvious or im-

portant applications of the hard presentist view outlined in §6.1. For the meta-

physicians, I will explore in §6.2.1 the view’s implications for the prospect of

time travel. For the philosophers of science, I will explore in §6.2.2 the implica-

tions for how we understand observations and evidence. Finally, for everyone

else, I will explore in §6.2.3 the implications for everyday belief and behaviour.

6.2.1 Time Travel

There is some debate over whether time travel is inconsistent with presentism.6

The conspicuous lack of time-travellers arriving from the future seems to sug-

gest that time travel is at least not actual: it is not something we have or ever will

invent. This could be for purely circumstantial reasons: a meteorite might take

us all out before our technology gets that far. Alternatively, the reasons might

be more profound: perhaps time travel is nomologically impossible, or, prevented

by the fundamental laws of physics.7 In this chapter, however, I am interested

in whether time travel could occur in a hard presentist world purely in virtue of

it being a hard presentist world, even if the meteorite impacts or the laws of na-

ture happened to pan out differently. At first glance, this question seems to have

a simple answer: time travel is surely incompatible with presentism, for there

is simply nowhere (or no-when) to go, other than the present.8 This answer has

6For an overview of this issue see Sider (2005).
7One can have a similar discussion about whether time travel is impossible in other senses of the
word. See Kment (2021) for a summary of the varieties of (im)possibility.

8One can find this stance articulated by Godfrey-Smith (1980) and Grey (1999, pp. 56-57).
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faced some critique,9 so I will dig into the details of this problem a little further

by introducing three scenarios that at least resemble time travel. They will not

all assume presentism, and as I will outline soon there is some controversy over

whether they all constitute ‘true’ time travel. Each case describes the actions of

a classical history enthusiast who (A) decides to time travel back to 1194 BC to

see the Trojan War, and (B) finds her experiences in ancient Greece so exciting

that she chooses to stay there, witnessing all she can for the rest of her life. (B) is

assumed to keep the example simple: there is only one act of time travel, back

to 1194 BC, which will be a clearer case study than the two acts of time travel

required for a return journey.

Case 1: Time Machine

One day in 1194 BC a blue box appears, as if from nowhere, and Toni

steps out of it. She spends many years exploring ancient Greece, before

dying a fulfilled woman in 1137 BC. Three millennia pass by, and then in

1993 AD a baby is born called Toni, who grows into a classical history en-

thusiast. In 2016 AD, disillusioned with modern times after the election

of Donald Trump, Toni dedicates herself to studying physics and builds

a remarkable blue box. She steps into it, and travels to 1194 BC. There is

a causal connection between her entering the box in 2016 AD, and her

exiting it in 1194 BC. Although Toni does not exist at times from 2016 on-

wards, Toni does still exist simpliciter. She exists in the past, in 1993-2016

AD and 1194-1137 BC.

The case above is designed to depict time travel as it tends to be conceived of in

popular culture.10 Toni travels to the real 1194 BC, while leaving the real 2016

AD behind. She experiences stepping into the box in a grim Donald Trump

9See for example Dowe (2000) and Keller and M. Nelson (2001).
10For details about this form of time travel see Lewis (1976/86).
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world, and then a moment later stepping out into an exciting Trojan world.

Time Machine is clearly inconsistent with presentism: it explicitly invokes the

existence of multiple times, thousands of years apart. Next, I consider two cases

that might fare better in the presentist context.

Case 2: Suicide Machine

One day in 1194 BC a blue box appears, as if from nowhere, and Susie

steps out of it. She spends many years exploring ancient Greece, before

dying a fulfilled woman in 1137 BC. Three millennia pass by, and then in

1993 AD a baby is born called Susie, who grows into a classical history

enthusiast. In 2016 AD, disillusioned with modern times after the elec-

tion of Donald Trump, Susie dedicates herself to studying physics and

builds a remarkable blue box. She steps into it, and vanishes. Alethically

speaking, it is true that Susie entering the box in 2016 AD is causally

connected to her exiting it in 1194 BC. It is also true that Susie was once

exploring ancient Greece, and that she had apparent memories of 2016

while doing so. It is not the case that Susie exists, however. She no longer

exists in the present, since she vanished; nor does she exist in the past,

since the past does not exist. Susie is simply gone.

The case above is designed to depict presentist time travel as it is conceived

of by Keller and M. Nelson (2001) and Daniels (2012). Because only the present

exists, Susie cannot simply be understood as travelling to the real 1194 BC, while

leaving the real 2016 AD behind. If asked in 1194-1137 BC, Susie would report

having memories of stepping into the box in a grim Donald Trump world, and

then a moment later stepping out into an exciting Trojan world. If asked in

2016 AD, however, Susie might not be able to anticipate being about to step out

into a Trojan world, like she might have in Time Machine. Instead, stepping

into the box in 2016 AD seems to simply end Susie’s life. She might not find
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much comfort in the fact that, on some academic level, it is true that she was

once witnessing the Trojan War. This form of so-called ‘time travel’ has been the

subject of significant criticism,11 but before discussing this further I will consider

a third scenario that could also be consistent with presentism.

Case 3: Murder Machine

Maia does not exist in 1194-1137 BC, nor for three millennia afterwards.

In 1993 AD a baby is born called Maia, who grows into a classical his-

tory enthusiast. In 2016 AD, disillusioned with modern times after the

election of Donald Trump, Maia dedicates herself to studying physics

and builds a remarkable blue box. She steps into it, and then the world

outside the box is ‘rewound’ to exactly as it truly was in 1194 BC. The

objectively present time has been changed from 2016 AD to 1194 BC. The

blue box remains untouched by this process, and Maia steps out of it.

She spends many years exploring ancient Greece, before dying a fulfilled

woman in 1137 BC. By resetting reality, Maia has allowed for events be-

tween 1194 BC and 2016 AD to play out differently from before. It may

or may not be the case that after three millennia a baby is born called

Maia, who goes on to build a blue box. If this does occur, there is still no

reason to believe that a second reset would play out the same as the first.

The case above is designed to depict presentist time travel as it is conceived

of by Licon (2011) and Bernstein (2017).12 Maia steps into the box, and then

a grim Donald Trump world is supplanted by an exciting Trojan world. This

might just involve the blue box shuffling atoms into a different arrangement.

Alternatively, it might involve a full process of rewinding reality. Maia might

look out of the window in her box and see people walking backwards, and

11See for example Sider (2005) and Hales (2010).
12A similar account of time travel within the growing block is articulated by Inwagen (2010).
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clocks spinning counterclockwise, as everything between 1194 BC and 2016 AD

plays out in reverse. In either case, should Maia feel guilty about the people

that she expunged? Presumably she would if the present time was still 2016

AD, and Maia had merely pulled apart the universe and rearranged it.13 It is

assumed in Murder Machine that the box does more than this, however: it also

changes the objectively present time to 1194 BC. I have remained agnostic about

what this would involve, but it could be as little as changing a single truth about

what the present time is. Perhaps this is some comfort to Maia; perhaps not.

As discussed in chapter 3, typical presentists will limit ontology to the present,

but have a more expansive alethiology. These views are inconsistent with Time

Machine, but might be consistent with Suicide Machine or Murder Machine.14

There remains a debate over whether these cases constitute ‘true’ time travel,15

but it will not be necessary for me to weigh in to that debate here, since both Sui-

cide Machine and Murder Machine are non-starters within the specific view

defended in this thesis. Both cases explicitly reference truths about the past,

but under hard presentism there are no truths of this kind. Instead there are

only truths about three-dimensional reality, including truths about what can be

represented by extrapolating from reality using the laws of nature. In a world

where Donald Trump is celebrating victory, and a young history enthusiast is

building a blue box, there are no truths about the Trojans 3210 years earlier. In-

stead, there are only truths about the (limited) records depicting a Trojan War,

and about which represented past states would be consistent with those records.

One could try to adjust Suicide Machine and Murder Machine to remove

any references to nonpresent-tensed truths, but such adjustments turn out to be

13Licon (2011) seems to suggest a scenario of this kind, but I have assumed in constructing
Murder Machine that presentists might want to consider avoiding this outcome.

14I say ‘might’ because there are further challenges that are not mentioned here. K. Miller (2005),
for example, argues that time travellers could not appear in the present out of an open future.

15See for example Sider (2005) and Hales (2010).
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seriously problematic. A hard presentist version of Suicide Machine would be

one where Susie, upon stepping into the box, ceases to exist. The only consola-

tion for Susie’s demise is that perhaps, in a museum somewhere, a Greek artefact

depicts a woman named Susie chilling with the Trojans. Perhaps the artefact is

already this way, even as Susie enters the machine, or perhaps in the moment

she ceases to exist the machine changes the artefact to include Susie. In either

case, there is no reason why her vanishing would be required: doing so would

not initiate any retrocausal chains of events, nor alter any truths about the past.

So within hard presentism, the Suicide Machine becomes an overcomplicated

vandalism robot that alters historical records in exchange for human sacrifice.

This is surely not a case of ‘true’ time travel, however that is understood.

In a hard presentist version of Murder Machine, everything other than Maia

and her box would be completely transformed: Donald Trump would cease to

exist, and an exciting Trojan battle scene would replace him. This scene would

not match what is objectively true about the world in 1194 BC, however, since

there are no truths about any such thing. There is a debate over whether the

Trojan War ‘truly happened’,16 but under hard presentism the Murder Machine

could not resolve this debate, since the debate would not be resolvable. At best,

the world that Maia would step into would be one built from the limited records

and evidence representing 1194 BC. The blue box might scan every atom in the

universe, and then create a Trojan battle scene from it, filling in any gaps with

‘best guesses’. Maia might be disatisfied, upon exiting her box and meeting

an Achilles who looks suspiciously similar to Brad Pitt. It is also worth noting

that, within hard presentism, the three-dimensional world is by definition ‘the

present’. There is no further, distinct truth about what year it is that a blue box

could tamper with. So all the Murder Machine does here is rearrange the world

16See for example Cline (2013).
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so that everyone except Maia vanishes, and some new stuff is created instead.

Perhaps by definition that means that 2016 AD is no longer the present, but it

is unlikely that this will allow Maia to avoid feeling guilty about all the people

that she killed. So within hard presentism, the Murder Machine destroys the

entire universe and replaces it with high-quality historical re-enactment theatre.

While this is at least more impactful than a hard presentist Suicide Machine, it

again does not seem like a case of ‘true’ time travel.

So even if one could argue that other theories of presentism allow for time

travel, hard presentism clearly does not. Under this view, there is not only

no temporal dimension to travel along, but there are also no truths about the

nonpresent that time machines could influence, or be influenced by. The hard

presentist therefore has a simpler explanation for why we do not see any time

travellers: it follows from their ontology, without any need to delve deeper into

(say) the laws of physics. This simpler explanation might in some ways be a

better one, though I will not investigate that issue in any further detail here.

6.2.2 Scientific Practice

In chapter 5 I examined how presentism could contribute to interpretations of

physics. I approach systems by first specifying how things are now, before mod-

elling a distribution of possible pasts and futures. This diverges from the gen-

erally accepted practice of modelling systems as having a single, well-defined

state at each point in time, regardless of which time it is now. Even if interesting

new doors are opened on the side of theory, however, one might worry that hard

presentism has problematic consequences for experiment. If there are no truths

about the past, how can we justify the use of experimental evidence? If even the

light in our eyes merely represents past things, and there are no truths to which

those representations correspond, how can we believe in anything at all?
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It will pay to draw on the notion of quasi-truth introduced by Sider (1999).17

It is one thing to say that there is an underlying objective alethiology to which

our statements correspond. It is another to say that we find some statements

useful, and are justified in acting by them, while other statements can be safely

ignored.18 I argued in chapter 3 that a reasonable approach to indeterministic

physics would result in a macro-scale convergence to approximately one possible

past consistent with what exists presently. We can call this possible past ‘quasi-

true’, and we can justify acting by it on the basis that worlds like ours would

evolve from approximately that quasi-true past, almost all of the time.19 This

convergence is imperfect - the past remains open - but it should be sufficient for

practical purposes in all but the most extreme of scientific regimes. I also point

out in §3.5.1 that the shift from underlying truths to convergent possibilities is

no worse an obstacle than the ordinary epistemic limits that scientists already

grapple with. Experimenters are in the business of gleaning limited knowledge

about what is or is not consistent with the fullest available evidence, and that

mission never culminates in the discovery of a certain past truth. So we need

not believe in the existence of such truths, in order to proceed with science.

The arguments of chapter 3 need not alarm the experimenter. What about

the arguments from chapter 4? I highlighted that our scientific observations are

representations of past events, though they are built from the evolving present.

This implies that our observations may be unable to properly detect features of

reality that depend in particular ways on their pastness, presentness, or futurity:

namely, those that reduce to other properties or relations when they are present,

but not when they are past. I do not believe this should be cause for panic, for

17Sider raises this in relation to the truthmaking problem, but he remains committed to tensed
facts. See Markosian (2004) for another method, more closely related to hard presentism.

18Though truth pragmatists define the former as the latter. See Haack (1976) and Misak (2018).
19For more on justified belief without past truths see Ingthorsson (2019).
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the simple reason that such features would be rare: copresentness, simultaneity,

and the shape of the present are among them, but whether there are other exam-

ples is unclear. In general, then, I do not envision hard presentism as having

revisionary consequences for scientific practice, though more research could be

done on this issue. A plausible exception is in cases referred to above as ‘the

most extreme of scientific regimes’. One such regime is the quantum world: I

have already investigated in chapter 5 how presentism could influence our un-

derstanding there. Another regime is that of the distant cosmological past, as

flagged in fn. 63, §3.4.4. It could turn out that several macroscopic states of the

early universe, just after the big bang, are equally consistent with how things are

now. The hard presentist would reject that there is an underlying truth, or even

a quasi-truth, among such alternatives. Finally, representations of states that are

both quite far into the past and quite small in scale, such that they would leave

little trace in the present, may also be cases where the absence of past truths be-

comes meaningful. There might be no truth or quasi-truth about what the first,

microscopic life forms on Earth were, in so far as several similar creatures could

have preceded the organisms and fossils that exist today.

6.2.3 Everyday Behaviour

If you are convinced of hard presentism, how should that affect your life? There

are two related issues to consider here. Firstly, there is a normative question

about what hard presentism in fact implies for how people should behave. Sec-

ondly, there is a descriptive question about how people would be likely to live if

they adopted hard presentism. More research would be needed to answer these

questions properly. In this section, I will merely suggest some examples of ac-

tions, priorities, and attitudes that hard presentism could realistically expect to

have some bearing on, in either the normative or descriptive cases.
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Firstly, one might think that abandoning past truths would mean abandon-

ing much of our talk involving tenses and times. Should we cease to talk of

what happened, or what will happen? Should you throw away your watch?

The pragmatism and ‘quasi-truth’ discussed in §6.2.2 suggest that these are not

reasonable reactions, particularly when our everyday lives are well outside ‘the

most extreme of scientific regimes’. In practice, it still makes sense to talk as

we do, even if there are no absolute, underlying truths to which that talk cor-

responds. Times may not exist, but the Sun and Earth do, and if watches are

useful tools in helping us to manage our lives around them then that is all

the justification they require. Such pragmatism can plausibly extend even into

fields where past truths seem intuitively important, such as the justice system.

When the evidence is rolled out in a trial, metaphysically speaking there are no

underlying truths to which that evidence corresponds. There is, however, a

quasi-truth: worlds with evidence of this magnitude would generally tend to

be worlds that would evolve from pasts where the accused commits the crime.

There are likely several justifications that can be given to punish the accused on

that basis, though I will not look into them in any further detail here.

Secondly, while a healthy dose of pragmatism might rescue hard presentists

from these extreme ramifications, there remain questions about what hard pre-

sentists even regard as pragmatic or desirable. This metaphysics could plau-

sibly affect our priorities and decision-making. If there is no past or future,

should we massively discount the value of unreal ‘future’ payoffs, and priori-

tise the present instead? Should you live a reckless and imprudent lifestyle,

under the mantra ‘You Only Live Presently’?20 Notably, there is an important

feature of hard presentism that reckless imprudence clearly ignores. The pre-

sentist believes that reality is three-dimensional and changing. It does not follow

20I would like to thank Louis Lepper and Nick Jordan for our spirited discussions on #YOLP.
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from this that one should aggressively prioritise happiness now, without any

attention paid to how your happiness changes. In fact, even the most impru-

dent behaviour prioritises happiness in the short-term future, not in the literal

present, so hard presentism would not obviously support such behaviour.

Thirdly, hard presentism could be conducive to shifts in attitudes towards

memories of the past or predictions of the future. More broadly, it might lend

itself to present-focused personal philosophies of the mindfulness variety. East-

ern philosophies of this kind have been heavily used and abused in the West in

recent decades,21 so care would be required in understanding such views before

any potential connections to presentist metaphysics could be understood. As a

starting-point, it seems plausible that viewing the past as ‘open’ might affect

our attitudes towards particular sorts of past grievances: namely, those with a

minimal bearing on present life, where our only cause to linger is the perva-

sive thought that those events truly happened, long after any practical lesson has

been learned. At the benign end, lingering memories of embarrassing moments

that you have long grown up from, and everyone else forgotten about, might

trouble you less for knowing that there is no reality or objective truth behind

them. At the more serious end, I leave it to the words of Jan Łukasiewicz:

There are hard moments of suffering and still harder ones of guilt in ev-

eryone’s life. We should be glad to be able to erase them not only from

our memory but also from existence. We may believe that when all the

effects of those fateful moments are exhausted, even should that happen

only after our death, then their causes too will be effaced from the world

of actuality and pass into the realm of possibility. Time calms our cares

and brings us forgiveness.

(Łukasiewicz 1961/1967, pp. 38-39)

21This controversy is covered in detail by Walsh (2016).
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6.3. Final Remarks

I believe that presentism is true. I find it so wildly implausible that the past

or future are out there that I feel it would take extraordinary evidence to con-

vince me of it. Neither the challenges from ‘pure metaphysics’ covered in the

first half of this thesis, nor the findings from our best physics covered in the

second, strike me as extraordinary evidence of this kind. That is not to say that

these challenges, and the responses to them, do not lead to interesting find-

ings. If my arguments from chapters 2 and 4 are accepted, then we find that

there is no irreducible sense in which anything is past, present, or future, nor of

which pairs of things are copresent or simultaneous. Instead, things just exist

in three-dimensional reality, or they do not. If my arguments from chapter 3 are

accepted, then we find that there are no truths about the past or future. At best,

some representations of the past and future are more consistent with the present

than others, but there are no underlying truths to which those representations

correspond. If my arguments from chapter 5 are accepted, exploratory though

they are, then we could yet find that reality is nonlocal, or that its evolution is

heavily affected by the limits of a presentist ontology.

I believe that hard presentism is true. Just as it seems implausible to me

that the past or future are out there, it also seems implausible to me that some

absolute, objective code of truths about the past or future is out there. Instead,

I think it much more plausible that we humans are, like everything else, three-

dimensional objects in a state of flux or change, and that our records, memories,

and observations, as well as our talk of truths, tenses, and times, are all merely

part of our broader attempt to do the best we can in the three-dimensional world

in which we live. Perhaps we can define certain things to ‘be there’: we can say

that for any existing state of affairs X there is by definition a truth ‘X is true’,
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or we can say that for any pair of existing things A and B there is by definition

a relation of copresentness or simultaneity between them. If such talk is useful

to you, then by all means use it, but do not be alarmed if you find that such talk

does not convert cleanly into talk of a tensed variety.

The ‘stripped down’ metaphysics supported in this thesis bucks a modern

trend of resorting to extended ontological and alethiological baggage as a means

of defending presentism. I regard this trend as contrary to the presentist project,

which I characterised in chapter 2 as one of limitation and simplicity, avoiding

commitments to expansive machinery like temporal axes or times. While there is

controversy over whether there even is a unified presentist core, I still hope that

the view expressed in this thesis is one that fellow presentists find appealing.

Ultimately, the arguments made in each chapter are distinct from one another,

even if they do all align with this ‘simplifying’ theme, so the reader could easily

find some sections attractive, but others implausible. The overarching lesson

that I hope to have communicated, however, is that a reduction of presentism

to its ontological essentials is at least often a better way to proceed.

168



Bibliography

Adlam, E. (2018). ‘Spooky action at a temporal distance’. Entropy 20.1, 41. DOI:

10.3390/e20010041.

Aharonov, Y. and D. Bohm (1959). ‘Significance of electromagnetic potentials in

the quantum theory’. Phys. Rev. 115, pp. 485–491. DOI:

10.1103/PhysRev.115.485.

Aharonov, Y., E. Cohen, and D. Rohrlich (2015). ‘Comment on “Role of

potentials in the Aharonov-Bohm effect”’. Phys. Rev. A 92, 026101. DOI:

10.1103/PhysRevA.92.026101.

Armstrong, D. M. (1983). What is a Law of Nature? Cambridge University Press.

Arthur, R. T. W. (2019). The Reality of Time Flow: Local Becoming in Modern

Physics. Springer International Publishing. DOI: 10.1007/978-3-030-15948-1.

Asay, J. and S. Baron (2014). ‘The hard road to presentism’. Pacific Philosophical

Quarterly 95.3, pp. 314–335. DOI: 10.1111/papq.12029.

Augustine (1955). Confessions. Trans. by A. C. Outler. SCM Press.

Bacciagaluppi, G. (1999). ‘Nelsonian mechanics revisited’. Foundations of

Physics Letters 12.1, pp. 1–16. DOI: 10.1023/a:1021622603864.

— (2006). ‘Probability, arrow of time and decoherence’. Studies in History and

Philosophy of Modern Physics 38.2, pp. 439–456. DOI:

10.1016/j.shpsb.2006.04.007.

Baia, A. (2012). ‘Presentism and the grounding of truth’. Philosophical Studies

159.3, pp. 341–356. DOI: 10.1007/s11098-011-9711-8.

Bailey, J. O. (1947). Pilgrims Through Space and Time: Trends and Patterns in

Scientific and Utopian Fiction. Argus.

Baker, A. (2016). ‘Simplicity’. The Stanford Encyclopedia of Philosophy. Ed. by

E. N. Zalta. Metaphysics Research Lab, Stanford University. URL:

https://plato.stanford.edu/archives/win2016/entries/simplicity/.

169

https://doi.org/10.3390/e20010041
https://doi.org/10.1103/PhysRev.115.485
https://doi.org/10.1103/PhysRevA.92.026101
https://doi.org/10.1007/978-3-030-15948-1
https://doi.org/10.1111/papq.12029
https://doi.org/10.1023/a:1021622603864
https://doi.org/10.1016/j.shpsb.2006.04.007
https://doi.org/10.1007/s11098-011-9711-8
https://plato.stanford.edu/archives/win2016/entries/simplicity/


Balashov, Y. and M. Janssen (2003). ‘Presentism and relativity’. British Journal

for the Philosophy of Science 54.2, pp. 327–346. DOI: 10.1093/bjps/54.2.327.

Barbour, J., T. Koslowski, and F. Mercati (2014). ‘The solution to the problem of

time in shape dynamics’. Classical and Quantum Gravity 31.15, 155001. DOI:

10.1088/0264-9381/31/15/155001.

Barbour, J. (1994). ‘The timelessness of quantum gravity i: the evidence from

the classical theory’. Classical and Quantum Gravity 11, pp. 2853–73.

— (1999). The End of Time: The Next Revolution in Physics. Weidenfeld &

Nicholson.

— (2009). ‘The nature of time’. URL: https://arxiv.org/abs/0903.3489.

— (2012). ‘Shape dynamics. An introduction’. Quantum Field Theory and

Gravity: Conceptual and Mathematical Advances in the Search for a Unified

Framework. Ed. by F. Finster, O. Müller, M. Nardmann, J. Tolksdorf, and

E. Zeidler. Springer Basel, pp. 257–298. DOI: 10.1007/978-3-0348-0043-3.

Barnes, E. and R. Cameron (2008). ‘The open future: bivalence, determinism

and ontology’. Philosophical Studies 146.2, 291. DOI:

10.1007/s11098-008-9257-6.

Baron, S. (2012). ‘Presentism and causation revisited’. Philosophical Papers 41.1,

pp. 1–21. DOI: 10.1080/05568641.2012.662805.

— (2013a). ‘Talking about the past’. Erkenntnis 78.3, pp. 547–560. DOI:

10.1007/s10670-013-9434-7.

— (2013b). ‘Tensed supervenience: a no go for presentism’. Southern Journal of

Philosophy 51.3, pp. 383–401. DOI: 10.1111/sjp.12032.

— (2015a). ‘Tensed truthmaker theory’. Erkenntnis 80.5, pp. 923–944. DOI:

10.1007/s10670-014-9689-7.

— (2015b). ‘The priority of the now’. Pacific Philosophical Quarterly 96.3,

pp. 325–348. DOI: 10.1111/papq.12030.

170

https://doi.org/10.1093/bjps/54.2.327
https://doi.org/10.1088/0264-9381/31/15/155001
https://arxiv.org/abs/0903.3489
https://doi.org/10.1007/978-3-0348-0043-3
https://doi.org/10.1007/s11098-008-9257-6
https://doi.org/10.1080/05568641.2012.662805
https://doi.org/10.1007/s10670-013-9434-7
https://doi.org/10.1111/sjp.12032
https://doi.org/10.1007/s10670-014-9689-7
https://doi.org/10.1111/papq.12030


Barrett, J. (1996). ‘Empirical adequacy and the availability of reliable records in

quantum mechanics’. Philosophy of Science 63.1, pp. 49–64. DOI:

10.1086/289893.

Barrett, M. and E. Sober (1992). ‘Is entropy relevant to the asymmetry between

retrodiction and prediction?’ The British Journal for the Philosophy of Science

43.2, pp. 141–160. DOI: 10.1093/bjps/43.2.141.

Bell, J. S. (1964/2004). ‘On the Einstein Podolsky Rosen paradox’. Speakable and

Unspeakable in Quantum Mechanics. Cambridge University Press, pp. 14–21.

DOI: 10.1017/CBO9780511815676.004.

— (1975/2004). ‘The theory of local beables’. Speakable and Unspeakable in

Quantum Mechanics. Cambridge University Press, pp. 52–62. DOI:

10.1017/CBO9780511815676.009.

— (1981/2004). ‘Quantum mechanics for cosmologists’. Speakable and

Unspeakable in Quantum Mechanics. Cambridge University Press,

pp. 117–138. DOI: 10.1017/CBO9780511815676.017.

— (1982). ‘On the impossible pilot wave’. Foundations of Physics 12.10,

pp. 989–999. DOI: 10.1007/BF01889272.

Belnap, N. D. (1992). ‘Branching space-time’. Synthese 92.3, pp. 385–434. DOI:

10.1007/bf00414289.

Bergmann, M. (1999). ‘(Serious) actualism and (serious) presentism’. Noûs

33.1, pp. 118–132. DOI: 10.1111/0029-4624.00145.

Bernstein, S. (2017). ‘Time travel and the movable present’. Being, Freedom, and

Method: Themes from the Philosophy of Peter van Inwagen. Ed. by J. Keller,

pp. 80–94. DOI: 10.1093/acprof:oso/9780198715702.003.0005.

Bigelow, J. (1988). The Reality of Numbers: A Physicalist’s Philosophy of

Mathematics. Oxford University Press.

171

https://doi.org/10.1086/289893
https://doi.org/10.1093/bjps/43.2.141
https://doi.org/10.1017/CBO9780511815676.004
https://doi.org/10.1017/CBO9780511815676.009
https://doi.org/10.1017/CBO9780511815676.017
https://doi.org/10.1007/BF01889272
https://doi.org/10.1007/bf00414289
https://doi.org/10.1111/0029-4624.00145
https://doi.org/10.1093/acprof:oso/9780198715702.003.0005


Bigelow, J. (1996). ‘Presentism and properties’. Philosophical Perspectives 10,

pp. 35–52. DOI: 10.2307/2216235.

Bigelow, J. and R. Pargetter (1989). ‘Vectors and change’. British Journal for the

Philosophy of Science 40.3, pp. 289–306. DOI: 10.1093/bjps/40.3.289.

Blaylock, G. (2010). ‘The EPR paradox, Bell’s inequality, and the question of

locality’. American Journal of Physics 78.1, pp. 111–120. DOI:

10.1119/1.3243279.

Bohm, D. (1952a). ‘A suggested interpretation of the quantum theory in terms

of "hidden" variables. I’. Phys. Rev. 85, pp. 166–179. DOI:

10.1103/PhysRev.85.166.

— (1952b). ‘A suggested interpretation of the quantum theory in terms of

"hidden" variables. II’. Phys. Rev. 85, pp. 180–193. DOI:

10.1103/PhysRev.85.180.

Bohm, D. and B. J. Hiley (1988). ‘Nonlocality and the Einstein-Podolsky-Rosen

experiment as understood through the quantum-potential approach’.

Quantum Mechanics Versus Local Realism: The Einstein-Podolsky-Rosen

Paradox. Ed. by F. Selleri. Springer US, pp. 235–256. DOI:

10.1007/978-1-4684-8774-9_9.

— (1989). ‘Non-locality and locality in the stochastic interpretation of

quantum mechanics’. Physics Reports 172.3, pp. 93–122. DOI:

10.1016/0370-1573(89)90160-9.

Bohr, N. (1935). ‘Can quantum-mechanical description of physical reality be

considered complete?’ Phys. Rev. 48.8, pp. 696–702. DOI:

10.1016/S1876-0503(08)70375-X.

Bourget, D. and D. J. Chalmers (2014). ‘What do philosophers believe?’

Philosophical Studies 170.3, pp. 465–500. DOI: 10.1007/s11098-013-0259-7.

172

https://doi.org/10.2307/2216235
https://doi.org/10.1093/bjps/40.3.289
https://doi.org/10.1119/1.3243279
https://doi.org/10.1103/PhysRev.85.166
https://doi.org/10.1103/PhysRev.85.180
https://doi.org/10.1007/978-1-4684-8774-9_9
https://doi.org/10.1016/0370-1573(89)90160-9
https://doi.org/10.1016/S1876-0503(08)70375-X
https://doi.org/10.1007/s11098-013-0259-7


Bourget, D. and D. J. Chalmers (2021). ‘Philosophers on philosophy: the 2020

philpapers survey’. Preprint. URL:

https://philpapers.org/archive/BOUPOP-3.pdf.

Bourne, C. (2002). ‘When am I? A tense time for some tense theorists?’

Australasian Journal of Philosophy 80.3, pp. 359–371. DOI: 10.1080/713659472.

— (2006a). A Future for Presentism. Oxford University Press.

— (2006b). ‘A theory of presentism’. Canadian Journal of Philosophy 36.1,

pp. 1–23. DOI: 10.1353/cjp.2006.0003.

Braddon-Mitchell, D. (2004). ‘How do we know it is now now?’ Analysis 64.3,

pp. 199–203. DOI: 10.1093/analys/64.3.199.

Briggs, R. and G. A. Forbes (2010). ‘The real truth about the unreal future’.

Oxford Studies in Metaphysics. Ed. by K. Bennett and D. W. Zimmerman.

Vol. 7. Oxford University Press, pp. 257–304. DOI:

10.1093/acprof:oso/9780199659081.003.0009.

Broad, C. D. (1923). Scientific Thought. Routledge and Kegan Paul.

Brown, H. R. (2005). Physical Relativity: Space-time Structure from a Dynamical

Perspective. Oxford University Press.

Brown, H. R. and D. Wallace (2005). ‘Solving the measurement problem: de

Broglie-Bohm loses out to Everett’. Foundations of Physics 35.4, pp. 517–540.

DOI: 10.1007/s10701-004-2009-3.

Butterfield, J. (2001). ‘The end of time?’ British Journal for the Philosophy of

Science 53.2, pp. 289–330. URL: https://arxiv.org/abs/gr-qc/0103055.

— (2002). ‘Some Aspects of Modality in Analytical Mechanics’. Preprint. URL:

https://arxiv.org/abs/physics/0210081.

Callender, C. (2007). ‘The emergence and interpretation of probability in

Bohmian mechanics’. Studies in History and Philosophy of Science Part B:

173

https://philpapers.org/archive/BOUPOP-3.pdf
https://doi.org/10.1080/713659472
https://doi.org/10.1353/cjp.2006.0003
https://doi.org/10.1093/analys/64.3.199
https://doi.org/10.1093/acprof:oso/9780199659081.003.0009
https://doi.org/10.1007/s10701-004-2009-3
https://arxiv.org/abs/gr-qc/0103055
https://arxiv.org/abs/physics/0210081


Studies in History and Philosophy of Modern Physics 38.2, pp. 351–370. DOI:

10.1016/j.shpsb.2006.08.004.

Callender, C. (2008). ‘The common now’. Philosophical Issues 18.1, pp. 339–361.

DOI: 10.1111/j.1533-6077.2008.00151.x.

— (2017). What Makes Time Special? Oxford University Press.

— (2020). ‘Quantum mechanics: keeping it real?’ Preprint. URL:

http://philsci-archive.pitt.edu/17641/.

Cameron, R. (2011). ‘Truthmaking for presentists’. Oxford Studies in

Metaphysics 6, pp. 55–100.

— (2018). ‘Truthmakers’. The Oxford Handbook of Truth. Ed. by M. Glanzberg.

1st Ed. Oxford University Press. Chap. 13, pp. 333–354. DOI:

10.1093/oxfordhb/9780199557929.013.13.

Campbell, J. K. (2011). Free Will. Polity.

Caplan, B. and D. Sanson (2011). ‘Presentism and truthmaking’. Philosophy

Compass 6.3, pp. 196–208. DOI: 10.1111/j.1747-9991.2010.00380.x.

Cartwright, N. (1980). ‘Do the laws of physics state the facts?’ Pacific

Philosophical Quarterly 61.1/2, p. 75.

Chakravartty, A. (2017). ‘Scientific Realism’. The Stanford Encyclopedia of

Philosophy. Ed. by E. N. Zalta. Metaphysics Research Lab, Stanford

University. URL:

https://plato.stanford.edu/archives/sum2017/entries/scientific-realism/.

Chalmers, D. J. (forthcoming). ‘What is conceptual engineering and what

should it be?’ Inquiry: An Interdisciplinary Journal of Philosophy. DOI:

10.1080/0020174x.2020.1817141.

Chaves, R., G. B. Lemos, and J. Pienaar (2018). ‘Causal modeling the

delayed-choice experiment’. Phys. Rev. Lett. 120, 190401. DOI:

10.1103/PhysRevLett.120.190401.

174

https://doi.org/10.1016/j.shpsb.2006.08.004
https://doi.org/10.1111/j.1533-6077.2008.00151.x
http://philsci-archive.pitt.edu/17641/
https://doi.org/10.1093/oxfordhb/9780199557929.013.13
https://doi.org/10.1111/j.1747-9991.2010.00380.x
https://plato.stanford.edu/archives/sum2017/entries/scientific-realism/
https://doi.org/10.1080/0020174x.2020.1817141
https://doi.org/10.1103/PhysRevLett.120.190401


Chen, E. K. (2019). ‘Realism about the wave function’. Philosophy Compass 14.7,

12611. DOI: 10.1111/phc3.12611.

Clifton, R. and M. Hogarth (1995). ‘The definability of objective becoming in

Minkowski spacetime’. Synthese 103.3, pp. 355–387. DOI:

10.1007/BF01089733.

Cline, E. H. (2013). The Trojan War: A Very Short Introduction. Oxford University

Press. DOI: 10.1093/actrade/9780199760275.001.0001.

Copleston, F. (1953). ‘A history of philosophy. Vol. I: Greece and Rome’. Revue

Philosophique de la France et de l’Etranger 143, pp. 448–451.

Corkum, P. (2014). ‘Presentism, truthmakers and distributional properties’.

Synthese 191.14, pp. 3427–3446. DOI: 10.1007/s11229-014-0456-8.

Correia, F. and S. Rosenkranz (2015). ‘Presentism without presentness’.

Thought: A Journal of Philosophy 4.1, pp. 19–27. DOI: 10.1002/tht3.153.

— (2020). ‘Temporal existence and temporal location’. Philosophical Studies

177.7, pp. 1999–2011. DOI: 10.1007/s11098-019-01295-z.

Craig, W. L. (1997). ‘Is presentness a property?’ American Philosophical

Quarterly 34.1, pp. 27–40. URL: http://www.jstor.org/stable/20009884.

— (2008). ‘The metaphysics of special relativity: three views’. Einstein,

Relativity, and Absolute Simultaneity. Ed. by W. L. Craig and Q. Smith.

Routledge, pp. 11–49.

Crisp, T. M. (2003). ‘Presentism’. The Oxford Handbook of Metaphysics. Ed. by

M. J. Loux and D. W. Zimmerman. Oxford University Press, pp. 211–245.

DOI: 10.1093/oxfordhb/9780199284221.003.0009.

— (2007). ‘Presentism and the grounding objection’. Noûs 41.1, pp. 90–109.

DOI: 10.1111/j.1468-0068.2007.00639.x.

175

https://doi.org/10.1111/phc3.12611
https://doi.org/10.1007/BF01089733
https://doi.org/10.1093/actrade/9780199760275.001.0001
https://doi.org/10.1007/s11229-014-0456-8
https://doi.org/10.1002/tht3.153
https://doi.org/10.1007/s11098-019-01295-z
http://www.jstor.org/stable/20009884
https://doi.org/10.1093/oxfordhb/9780199284221.003.0009
https://doi.org/10.1111/j.1468-0068.2007.00639.x


Dainton, B. (2011). ‘Time, passage and immediate experience’. Oxford

Handbook of Philosophy of Time. Ed. by C. Callender. Oxford University Press,

pp. 382–419. DOI: 10.1093/oxfordhb/9780199298204.003.0013.

Daniels, P. R. (2012). ‘Back to the present: defending presentist time travel’.

Disputatio 4.33, pp. 469–484. DOI: 10.2478/disp-2012-0012.

Dawson, P. (2021). ‘Hard presentism’. Synthese 198.9, pp. 8433–8461. DOI:

10.1007/s11229-020-02580-9.

Deasy, D. (2015). ‘The moving spotlight theory’. Philosophical Studies 172,

pp. 2073–2089. DOI: 10.1007/s11098-014-0398-5.

— (2017). ‘What is presentism?’ Noûs 51.2, pp. 378–397. DOI:

10.1111/nous.12109.

— (2018a). ‘Philosophical arguments against the A-theory’. Pacific

Philosophical Quarterly 99.2, pp. 270–292. DOI: 10.1111/papq.12151.

— (2018b). ‘Skow on robust passage and the moving spotlight theory’.

Philosophical Studies 175.7, pp. 1791–1805. DOI: 10.1007/s11098-018-1092-9.

— (2019a). ‘Characterising theories of time and modality’. Analytic Philosophy

60.3, pp. 283–305. DOI: 10.1111/phib.12147.

— (2019b). ‘The triviality argument against presentism’. Synthese 196.8,

pp. 3369–3388. DOI: 10.1007/s11229-017-1601-y.

Deng, N. (2013). ‘Our experience of passage on the B-theory’. Erkenntnis 78.4,

pp. 713–726. DOI: 10.1007/s10670-013-9489-5.

— (2018). ‘What is temporal ontology?’ Philosophical Studies 175.3,

pp. 793–807. DOI: 10.1007/s11098-017-0893-6.

Dieks, D. (1988). ‘Special relativity and the flow of time’. Philosophy of Science

55.3, pp. 456–460. DOI: 10.1086/289452.

176

https://doi.org/10.1093/oxfordhb/9780199298204.003.0013
https://doi.org/10.2478/disp-2012-0012
https://doi.org/10.1007/s11229-020-02580-9
https://doi.org/10.1007/s11098-014-0398-5
https://doi.org/10.1111/nous.12109
https://doi.org/10.1111/papq.12151
https://doi.org/10.1007/s11098-018-1092-9
https://doi.org/10.1111/phib.12147
https://doi.org/10.1007/s11229-017-1601-y
https://doi.org/10.1007/s10670-013-9489-5
https://doi.org/10.1007/s11098-017-0893-6
https://doi.org/10.1086/289452


Dirac, P. A. M. (1978). ‘The mathematical foundations of quantum theory’. The

Mathematical Foundations of Quantum Theory. Ed. by A. R. Marlow.

Academic Press Inc., pp. 1–8. DOI: 10.1016/B978-0-12-473250-6.50005-4.

Dolev, Y. (2010). ‘Antirealism, presentism and bivalence’. International Journal

of Philosophical Studies 18.1, pp. 73–89. DOI: 10.1080/09672550903306068.

— (2018). ‘Physics’ silence on time’. European Journal for Philosophy of Science

8.3, pp. 455–469. DOI: 10.1007/s13194-017-0195-z.

Dowe, P. (2000). ‘The case for time travel’. Philosophy 75.3, pp. 441–451. DOI:

10.1017/s0031819100000504.

Dowker, F. (2014). ‘The birth of spacetime atoms as the passage of time’. Annals

of the New York Academy of Sciences 1326, pp. 18–25. DOI: 10.1111/nyas.12542.

Dowker, F., N. Imambaccus, A. Owens, R. Sorkin, and S. Zalel (2020). ‘A

manifestly covariant framework for causal set dynamics’. Classical and

Quantum Gravity 37.8, 085003. DOI: 10.1088/1361-6382/ab719c.

Dummett, M. (2004). Truth and the Past. Columbia University Press.

Dürr, D., S. Goldstein, and N. Zangh (1992). ‘Quantum equilibrium and the

origin of absolute uncertainty’. Journal of Statistical Physics 67.5-6,

pp. 843–907. DOI: 10.1007/BF01049004.

Dyke, H. and J. Maclaurin (2013). ‘Evolutionary explanations of temporal

experience’. A Companion to the Philosophy of Time. Ed. by H. Dyke and

A. Bardon. Wiley-Blackwell, pp. 521–535.

Eagle, A. (2004). ‘Twenty-one arguments against propensity analyses of

probability’. Erkenntnis 60.3, pp. 371–416. DOI:

10.1023/B:ERKE.0000023408.61887.6a.

Earman, J. (1986). A Primer on Determinism. D. Reidel.

177

https://doi.org/10.1016/B978-0-12-473250-6.50005-4
https://doi.org/10.1080/09672550903306068
https://doi.org/10.1007/s13194-017-0195-z
https://doi.org/10.1017/s0031819100000504
https://doi.org/10.1111/nyas.12542
https://doi.org/10.1088/1361-6382/ab719c
https://doi.org/10.1007/BF01049004
https://doi.org/10.1023/B:ERKE.0000023408.61887.6a


Earman, J. (2006). ‘The “past hypothesis”: not even false’. Studies in History and

Philosophy of Modern Physics 37.3, pp. 399–430. DOI:

10.1016/j.shpsb.2006.03.002.

Edwards, D. (2011). ‘Simplifying alethic pluralism’. The Southern Journal of

Philosophy 49.1, pp. 28–48. DOI: 10.1111/j.2041-6962.2010.00043.x.

Egg, M. (2013). ‘Delayed-choice experiments and the metaphysics of

entanglement’. Foundations of Physics 43.9, pp. 1124–1135. DOI:

10.1007/s10701-013-9734-4.

Einstein, A. (1919/1954). ‘What is the theory of relativity?’ Ideas and opinions.

Alvin Redman, pp. 227–232.

Einstein, A., B. Podolsky, and N. Rosen (1935). ‘Can quantum-mechanical

description of physical reality be considered complete?’ Phys. Rev. 47,

pp. 777–780. DOI: 10.1103/PhysRev.47.777.

Einstein, A., R. C. Tolman, and B. Podolsky (1931). ‘Knowledge of past and

future in quantum mechanics’. Phys. Rev. 37, pp. 780–781. DOI:

10.1103/PhysRev.37.780.

Ellerman, D. (2015). ‘Why delayed choice experiments do not imply

retrocausality’. Quantum Studies: Mathematics and Foundations 2.2,

pp. 183–199. DOI: 10.1007/s40509-014-0026-2.

Ellis, G. F. R. (2008). ‘On the Flow of Time’. URL:

https://arxiv.org/abs/0812.0240.

— (2014). ‘The evolving block universe and the meshing together of times’.

Annals of the New York Academy of Sciences 1326, pp. 26–41. DOI:

10.1111/nyas.12559.

Ellis, G. F. R. and R. Goswami (2014). ‘Space time and the passage of time’.

Springer Handbook of Spacetime. Ed. by A. Ashtekar. Springer, pp. 243–264.

DOI: 10.1007/978-3-642-41992-8_13.

178

https://doi.org/10.1016/j.shpsb.2006.03.002
https://doi.org/10.1111/j.2041-6962.2010.00043.x
https://doi.org/10.1007/s10701-013-9734-4
https://doi.org/10.1103/PhysRev.47.777
https://doi.org/10.1103/PhysRev.37.780
https://doi.org/10.1007/s40509-014-0026-2
https://arxiv.org/abs/0812.0240
https://doi.org/10.1111/nyas.12559
https://doi.org/10.1007/978-3-642-41992-8_13


Emary, C., N. Lambert, and F. Nori (2014). ‘Leggett-Garg inequalities’. Reports

on Progress in Physics 77, 016001. DOI: 10.1088/0034-4885/77/1/016001.

Esfeld, M. (2015). ‘Quantum physics and presentism’. Re-Thinking Time at the

Interface of Physics and Philosophy: The Forgotten Present. Ed. by

A. von Müller and T. Filk. Springer International Publishing, pp. 231–248.

DOI: 10.1007/978-3-319-10446-1_11.

Everett, H. (1957). ‘“Relative state” formulation of quantum mechanics’. Rev.

Mod. Phys. 29, pp. 454–462. DOI: 10.1103/RevModPhys.29.454.

Falkenburg, B. and F. Weinert (2009). ‘Indeterminism and determinism in

quantum mechanics’. Compendium of Quantum Physics. Ed. by

D. Greenberger, K. Hentschel, and F. Weinert. Springer Berlin Heidelberg,

pp. 307–311. DOI: 10.1007/978-3-540-70626-7_96.

Fankhauser, J. (2019). ‘Taming the delayed choice quantum eraser’. Quanta 8.1,

pp. 44–56. DOI: 10.12743/quanta.v8i1.88.

Feynman, R. P. (1948). ‘Space-time approach to non-relativistic quantum

mechanics’. Rev. Mod. Phys. 20, pp. 367–387. DOI:

10.1103/RevModPhys.20.367.

Field, H. (1972). ‘Tarski’s theory of truth’. The Journal of Philosophy 69.13,

pp. 347–375. DOI: 10.2307/2024879.

Filk, T. (2013). ‘Temporal non-locality’. Foundations of Physics 43.4, pp. 533–547.

DOI: 10.1007/s10701-012-9671-7.

Filomeno, A. (2019). ‘Stable regularities without governing laws?’ Studies in

History and Philosophy of Science Part B: Studies in History and Philosophy of

Modern Physics 66, pp. 186–197. DOI: 10.1016/j.shpsb.2019.03.001.

Fine, K. (2005). ‘Tense and reality’. Modality and Tense. Ed. by K. Fine. Oxford

University Press, pp. 261–320. DOI: 10.1093/0199278709.001.0001.

179

https://doi.org/10.1088/0034-4885/77/1/016001
https://doi.org/10.1007/978-3-319-10446-1_11
https://doi.org/10.1103/RevModPhys.29.454
https://doi.org/10.1007/978-3-540-70626-7_96
https://doi.org/10.12743/quanta.v8i1.88
https://doi.org/10.1103/RevModPhys.20.367
https://doi.org/10.2307/2024879
https://doi.org/10.1007/s10701-012-9671-7
https://doi.org/10.1016/j.shpsb.2019.03.001
https://doi.org/10.1093/0199278709.001.0001


Fine, K. (2017). ‘Truthmaker semantics’. A Companion to the Philosophy of

Language. Ed. by B. Hale, C. Wright, and A. Miller. 2nd Ed. Wiley-Blackwell,

pp. 556–577.

Fiocco, M. O. (2007). ‘A defense of transient presentism’. American Philosophical

Quarterly 44.3, pp. 191–212. URL: http://www.jstor.org/stable/20464371.

Forrest, P. (Oct. 2004). ‘The real but dead past: a reply to Braddon-Mitchell’.

Analysis 64.4, pp. 358–362. DOI: 10.1093/analys/64.4.358.

Frigg, R. and C. Hoefer (2007). ‘Probability in GRW theory’. Studies in History

and Philosophy of Science Part B: Studies in History and Philosophy of Modern

Physics 38.2, pp. 371–389. DOI: 10.1016/j.shpsb.2006.12.002.

Fuchs, C. A. (2017). ‘On participatory realism’. Information and Interaction:

Eddington, Wheeler, and the Limits of Knowledge. Ed. by I. T. Durham and

D. Rickles. Springer International Publishing, pp. 113–134.

Fuchs, C. A., N. D. Mermin, and R. Schack (2014). ‘An introduction to QBism

with an application to the locality of quantum mechanics’. American Journal

of Physics 82, pp. 749–754. DOI: 10.1119/1.4874855.

Galvan, B. (2010). ‘On the preferred-basis problem and its possible solutions’.

Preprint. URL: https://arxiv.org/abs/1008.3708.

Gao, S. (2017). The Meaning of the Wave Function: In Search of the Ontology of

Quantum Mechanics. Cambridge University Press. DOI:

10.1017/9781316407479.

Gerry, C. C. and V. A. Singh (1979). ‘Feynman path-integral approach to the

Aharonov-Bohm effect’. Phys. Rev. D 20, pp. 2550–2554. DOI:

10.1103/PhysRevD.20.2550.

Ghirardi, G. C., A. Rimini, and T. Weber (1985). ‘A model for a unified

quantum description of macroscopic and microscopic systems’. Quantum

180

http://www.jstor.org/stable/20464371
https://doi.org/10.1093/analys/64.4.358
https://doi.org/10.1016/j.shpsb.2006.12.002
https://doi.org/10.1119/1.4874855
https://arxiv.org/abs/1008.3708
https://doi.org/10.1017/9781316407479
https://doi.org/10.1103/PhysRevD.20.2550


Probability and Applications II. Ed. by L. Accardi and W. von Waldenfels.

Springer Berlin Heidelberg, pp. 223–232. DOI: 10.1007/BFb0074474.

Giere, R. N. (1999). Science Without Laws. University of Chicago Press.

Gillies, D. (2000). ‘Varieties of propensity’. British Journal for the Philosophy of

Science 51.4, pp. 807–835. DOI: 10.1093/bjps/51.4.807.

Gisin, N. (2017). ‘Time really passes, science can’t deny that’. Time in Physics.

Ed. by R. Renner and S. Stupar. Springer International Publishing, pp. 1–15.

DOI: 10.1007/978-3-319-68655-4_1.

Gödel, K. (1949). ‘A remark about the relationship between relativity theory

and idealistic philosophy’. Albert Einstein, Philosopher-Scientist. Ed. by

P. A. Schilpp. Harper & Row, pp. 557–562.

Godfrey-Smith, W. (1979). ‘Special relativity and the present’. Philosophical

Studies: An International Journal for Philosophy in the Analytic Tradition 36.3,

pp. 233–244. URL: http://www.jstor.org/stable/4319321.

— (1980). ‘Travelling in time’. Analysis 40.2, pp. 72–73. DOI:

10.1093/analys/40.2.72.

Goldstein, S. (1987). ‘Stochastic mechanics and quantum theory’. Journal of

Statistical Physics 47.5, pp. 645–667. DOI: 10.1007/BF01206150.

Grandjean, V. (2021). ‘How is the asymmetry between the open future and the

fixed past to be characterized?’ Synthese 198, pp. 1863–1886. DOI:

10.1007/s11229-019-02164-2.

Grey, W. (1999). ‘Troubles with time travel’. Philosophy 74.1, pp. 55–70. DOI:

10.1017/s0031819199001047.

Griffiths, R. B. (1984). ‘Consistent histories and the interpretation of quantum

mechanics’. Journal of Statistical Physics 36.1, pp. 219–272. DOI:

10.1007/BF01015734.

181

https://doi.org/10.1007/BFb0074474
https://doi.org/10.1093/bjps/51.4.807
https://doi.org/10.1007/978-3-319-68655-4_1
http://www.jstor.org/stable/4319321
https://doi.org/10.1093/analys/40.2.72
https://doi.org/10.1007/BF01206150
https://doi.org/10.1007/s11229-019-02164-2
https://doi.org/10.1017/s0031819199001047
https://doi.org/10.1007/BF01015734


Grover, D. L., J. L. Camp, and N. D. Belnap (1975). ‘A prosentential theory of

truth’. Philosophical Studies 27.2, pp. 73–125. DOI: 10.1007/BF01209340.

Grünbaum, A. (1967). ‘The status of temporal becoming’. Annals of the New

York Academy of Sciences 138.2, pp. 374–395. DOI:

10.1111/j.1749-6632.1967.tb54999.x.

Haack, S. (1976). ‘The pragmatist theory of truth’. The British Journal for the

Philosophy of Science 27.3, pp. 231–249. DOI: 10.1093/bjps/27.3.231.

Hacking, I. (1982). ‘Experimentation and scientific realism’. Philosophical Topics

13.1, pp. 71–87. DOI: 10.5840/philtopics19821314.

Hales, S. D. (2010). ‘No time travel for presentists’. Logos and Episteme 1.2,

pp. 353–360. DOI: 10.5840/logos-episteme2010129.

Hartle, J. B. (2005). ‘The physics of now’. American Journal of Physics 73,

pp. 101–109. DOI: 10.1119/1.1783900.

Healey, R. (2001). ‘On the reality of gauge potentials’. Philosophy of Science 68.4,

pp. 432–455. DOI: 10.1086/392936.

Heathwood, C. (2005). ‘The real price of the dead past: a reply to Forrest and to

Braddon-Mitchell’. Analysis 65.3, pp. 249–251. URL:

http://www.jstor.org/stable/3329034.

— (2007). ‘On what will be: reply to Westphal’. Erkenntnis 67.1, pp. 137–142.

DOI: 10.1007/s10670-007-9050-5.

Hermens, R. and O. Maroney (2018). ‘Constraints on macroscopic realism

without assuming non-invasive measurability’. Studies in History and

Philosophy of Science Part B: Studies in History and Philosophy of Modern

Physics 63, pp. 50–64. DOI: 10.1016/j.shpsb.2017.11.003.

Hestevold, H. S. (2008). ‘Presentism: through thick and thin’. Pacific

Philosophical Quarterly 89.3, pp. 325–347. DOI:

10.1111/j.1468-0114.2008.00324.x.

182

https://doi.org/10.1007/BF01209340
https://doi.org/10.1111/j.1749-6632.1967.tb54999.x
https://doi.org/10.1093/bjps/27.3.231
https://doi.org/10.5840/philtopics19821314
https://doi.org/10.5840/logos-episteme2010129
https://doi.org/10.1119/1.1783900
https://doi.org/10.1086/392936
http://www.jstor.org/stable/3329034
https://doi.org/10.1007/s10670-007-9050-5
https://doi.org/10.1016/j.shpsb.2017.11.003
https://doi.org/10.1111/j.1468-0114.2008.00324.x


Hiley, B. J. and R. E. Callaghan (2006). ‘Delayed-choice experiments and the

Bohm approach’. Physica Scripta 74.3, pp. 336–348. DOI:

10.1088/0031-8949/74/3/007.

Hinchliff, M. (1996). ‘The puzzle of change’. Philosophical Perspectives 10,

pp. 119–136. URL: http://www.jstor.org/stable/2216239.

— (2000). ‘A defense of presentism in a relativistic setting’. Philosophy of

Science 67.3, S575–586. DOI: 10.1086/392847.

Hoefer, C. (2007). ‘The third way on objective probability: a sceptic’s guide to

objective chance’. Mind 116.463, pp. 549–596. URL:

http://www.jstor.org/stable/30163527.

— (2016). ‘Causal determinism’. The Stanford Encyclopedia of Philosophy.

Metaphysics Research Lab, Stanford University. URL: https:

//plato.stanford.edu/archives/spr2016/entries/determinism-causal/.

Hoerl, C. (2014). ‘Do we (seem to) perceive passage?’ Philosophical Explorations

17.2, pp. 188–202. DOI: 10.1080/13869795.2013.852615.

Holland, P. R. (1993). The Quantum Theory of Motion: An Account of the de

Broglie-Bohm Causal Interpretation of Quantum Mechanics. Cambridge

University Press. DOI: 10.1017/CBO9780511622687.

Ingram, D. (2016). ‘The virtues of thisness presentism’. Philosophical Studies

173.11, pp. 2867–2888. DOI: 10.1007/s11098-016-0641-3.

— (2019). Thisness Presentism: An Essay on Time, Truth, and Ontology. Routledge.

Ingram, D. and J. Tallant (2018). ‘Presentism’. The Stanford Encyclopedia of

Philosophy. Ed. by E. N. Zalta. Metaphysics Research Lab, Stanford

University. URL:

https://plato.stanford.edu/archives/spr2018/entries/presentism/.

183

https://doi.org/10.1088/0031-8949/74/3/007
http://www.jstor.org/stable/2216239
https://doi.org/10.1086/392847
http://www.jstor.org/stable/30163527
https://plato.stanford.edu/archives/spr2016/entries/determinism-causal/
https://plato.stanford.edu/archives/spr2016/entries/determinism-causal/
https://doi.org/10.1080/13869795.2013.852615
https://doi.org/10.1017/CBO9780511622687
https://doi.org/10.1007/s11098-016-0641-3
https://plato.stanford.edu/archives/spr2018/entries/presentism/


Ingthorsson, R. (2019). ‘Presentism and cross-time relations’. Logic and

Philosophy of Time: Further Themes from Prior, Vol. 2. Ed. by P. Blackburn,

P. Hasle, and P. Ohrstrom. Aalborg University Press, pp. 53–72.

Inwagen, P. van (2010). ‘Changing the past’. Oxford Studies in Metaphysics 5,

pp. 3–40.

Isaac, M. G. (2020). ‘How to conceptually engineer conceptual engineering?’

Inquiry: An Interdisciplinary Journal of Philosophy, pp. 1–24. DOI:

10.1080/0020174X.2020.1719881.

Ismael, J. (2002). ‘Rememberances, mementos, and time-capsules’. Royal

Institute of Philosophy Supplement 50, pp. 317–328. DOI:

10.1017/S1358246100010626.

— (2013). ‘Decision and the open future’. The Future of the Philosophy of Time.

Taylor and Francis, pp. 149–168. DOI: 10.4324/9780203338315.

— (2016). ‘From physical time to human time’. Cosmological and Psychological

Time. Ed. by Y. Dolev and M. Roubach. Springer Nature Switzerland,

pp. 107–124. DOI: 10.1007/978-3-319-22590-6_6.

— (2017). ‘Passage, flow, and the logic of temporal perspectives’. Time of

Nature and the Nature of Time. Ed. by C. Bouton and P. Huneman. Springer

Nature Switzerland, pp. 23–38. DOI: 10.1007/978-3-319-53725-2_2.

Keller, S. and M. Nelson (2001). ‘Presentists should believe in time-travel’.

Australasian Journal of Philosophy 79.3, pp. 333–345. DOI: 10.1080/713931204.

Keller, S. (2004). ‘Presentism and truthmaking’. Oxford Studies in Metaphysics.

Ed. by D. W. Zimmerman. Vol. 1. Oxford University Press, pp. 83–104.

Kelly, T. (2005). ‘Moorean facts and belief revision, or can the skeptic win?’

Philosophical Perspectives 19.1, pp. 179–209. DOI:

10.1111/j.1520-8583.2005.00059.x.

184

https://doi.org/10.1080/0020174X.2020.1719881
https://doi.org/10.1017/S1358246100010626
https://doi.org/10.4324/9780203338315
https://doi.org/10.1007/978-3-319-22590-6_6
https://doi.org/10.1007/978-3-319-53725-2_2
https://doi.org/10.1080/713931204
https://doi.org/10.1111/j.1520-8583.2005.00059.x


Kent, A. (2013). ‘Path integrals and reality’. Preprint. URL:

https://arxiv.org/abs/1305.6565.

Khandekar, D. C. and S. V. Lawande (1986). ‘Feynman path integrals: some

exact results and applications’. Physics Reports 137.2-3, pp. 115–229. DOI:

10.1016/0370-1573(86)90029-3.

Kierland, B. and B. Monton (2007). ‘Presentism and the objection from

being-supervenience’. Australasian Journal of Philosophy 85.3, pp. 485–497.

DOI: 10.1080/00048400701572279.

Kim, S. and N. J. L. L. Pedersen (2018). ‘Strong truth pluralism’. Pluralisms in

Truth and Logic. Ed. by J. Wyatt, N. J. L. L. Pedersen, and N. Kellen. Springer

International Publishing, pp. 107–130. DOI: 10.1007/978-3-319-98346-2_5.

Kment, B. (2021). ‘Varieties of Modality’. The Stanford Encyclopedia of Philosophy.

Ed. by E. N. Zalta. Metaphysics Research Lab, Stanford University. URL:

https://plato.stanford.edu/archives/spr2021/entries/modality-varieties/.

Lange, M. (2014). ‘Did Einstein really believe that principle theories are

explanatorily powerless?’ Perspectives on Science 22.4, pp. 449–463. DOI:

10.1162/POSC_a_00145.

Latham, A. J., K. Miller, and J. Norton (2020). ‘An empirical investigation of

purported passage phenomenology’. Journal of Philosophy 117.7,

pp. 353–386. DOI: 10.5840/jphil2020117722.

— (2021). ‘Is our naïve theory of time dynamical?’ Synthese 198.5,

pp. 4251–4271. DOI: 10.1007/s11229-019-02340-4.

— (forthcoming). ‘Do the folk represent time as essentially dynamical?’

Inquiry: An Interdisciplinary Journal of Philosophy. DOI:

10.1080/0020174X.2020.1827027.

Le Poidevin, R. (1991). Change, Cause and Contradiction: A Defence of the Tenseless

Theory of Time. St Martin’s Press. DOI: 10.1007/978-1-349-21146-3.

185

https://arxiv.org/abs/1305.6565
https://doi.org/10.1016/0370-1573(86)90029-3
https://doi.org/10.1080/00048400701572279
https://doi.org/10.1007/978-3-319-98346-2_5
https://plato.stanford.edu/archives/spr2021/entries/modality-varieties/
https://doi.org/10.1162/POSC_a_00145
https://doi.org/10.5840/jphil2020117722
https://doi.org/10.1007/s11229-019-02340-4
https://doi.org/10.1080/0020174X.2020.1827027
https://doi.org/10.1007/978-1-349-21146-3


Leftow, B. (2009). ‘Anselmian presentism’. Faith and Philosophy 26.3,

pp. 297–319. DOI: 10.5840/faithphil200926316.

Leggett, A. J. (2002). ‘Testing the limits of quantum mechanics: motivation,

state of play, prospects’. Journal of Physics: Condensed Matter 14.15,

R415–451. DOI: 10.1088/0953-8984/14/15/201.

Leggett, A. J. and A. Garg (1985). ‘Quantum mechanics versus macroscopic

realism: is the flux there when nobody looks?’ Phys. Rev. Lett. 54,

pp. 857–860. DOI: 10.1103/PhysRevLett.54.857.

Leifer, M. S. (2014). ‘Is the quantum state real? An extended review of

ψ-ontology theorems’. Quanta 3, pp. 67–155. DOI: 10.12743/quanta.v3i1.22.

Leininger, L. (2015). ‘Presentism and the myth of passage’. Australasian Journal

of Philosophy 93.4, pp. 724–739. DOI: 10.1080/00048402.2015.1007463.

— (2021). ‘Temporal B-coming: passage without presentness’. Australasian

Journal of Philosophy 99.1, pp. 130–147. DOI: 10.1080/00048402.2020.1744673.

Lewis, D. (1976/86). ‘The paradoxes of time travel’. Philosophical Papers, Volume

II. Oxford University Press, pp. 67–79. DOI: 10.1093/0195036468.003.0003.

— (1979). ‘Counterfactual dependence and time’s arrow’. Noûs 13.4,

pp. 455–476. DOI: 10.2307/2215339.

— (1980). ‘A subjectivist’s guide to objective chance’. Studies in Inductive Logic

and Probability, Volume II. Ed. by R. C. Jeffrey. Berkeley: University of

California Press, pp. 263–293. DOI: 10.1525/9780520318328-009.

Licon, J. A. (2011). ‘No suicide for presentists’. Logos and Episteme 2.3,

pp. 455–464. DOI: 10.5840/logos-episteme20112325.

Lombard, L. B. (2010). ‘Time for a change: a polemic against the

presentism/eternalism debate’. Time and Identity. Ed. by J. K. Campbell,

M. O’Rourke, and H. S. Silverstein. MIT Press. DOI:

10.7551/mitpress/9780262014090.003.0042.

186

https://doi.org/10.5840/faithphil200926316
https://doi.org/10.1088/0953-8984/14/15/201
https://doi.org/10.1103/PhysRevLett.54.857
https://doi.org/10.12743/quanta.v3i1.22
https://doi.org/10.1080/00048402.2015.1007463
https://doi.org/10.1080/00048402.2020.1744673
https://doi.org/10.1093/0195036468.003.0003
https://doi.org/10.2307/2215339
https://doi.org/10.1525/9780520318328-009
https://doi.org/10.5840/logos-episteme20112325
https://doi.org/10.7551/mitpress/9780262014090.003.0042


Lowe, J. (2013). ‘Presentism and relativity: no conflict’. New Papers on the

Present. Ed. by R. Cuini, K. Miller, and G. Torrengo. Philosophia,

pp. 134–153.

Łukasiewicz, J. (1930/1967). ‘Philosophical remarks on many-valued systems

of propositional logic’. Polish Logic 1920-1939. Ed. by S. McCall. Trans. by

H. Weber. Oxford University Press.

— (1961/1967). ‘On determinism’. Polish Logic 1920-1939. Ed. by S. McCall.

Trans. by Z. Jordan. Oxford University Press.

Lyre, H. (2009). ‘Aharonov–bohm effect’. Compendium of Quantum Physics.

Ed. by D. Greenberger, K. Hentschel, and F. Weinert. Springer Berlin

Heidelberg, pp. 1–3. DOI: 10.1007/978-3-540-70626-7_1.

Magalhães, E. and L. N. Oaklander (2010). Presentism: Essential Readings.

Lexington Books.

Malinowski, G. (2007). ‘Many-valued logic and its philosophy’. The Many

Valued and Nonmonotonic Turn in Logic. Ed. by D. M. Gabbay and J. Woods.

North-Holland, pp. 13–94. DOI: 10.1016/S1874-5857(07)80004-5.

Markosian, N. (1993). ‘How fast does time pass?’ Philosophy and

Phenomenological Research 53.4, pp. 829–844. DOI: 10.2307/2108255.

— (1995). ‘The open past’. Philosophical Studies 79.1, pp. 95–105. DOI:

10.1007/bf00989786.

— (2004). ‘A defense of presentism’. Oxford Studies in Metaphysics 1.3,

pp. 47–82.

Maudlin, T. (2007). The Metaphysics Within Physics. Oxford University Press.

Maxwell, N. (1985). ‘Are probabilism and special relativity incompatible?’

Philosophy of Science 52.1, pp. 23–43. URL:

http://www.jstor.org/stable/187596.

187

https://doi.org/10.1007/978-3-540-70626-7_1
https://doi.org/10.1016/S1874-5857(07)80004-5
https://doi.org/10.2307/2108255
https://doi.org/10.1007/bf00989786
http://www.jstor.org/stable/187596


McCall, S. (2009). ‘Objective quantum probabilities’. Compendium of Quantum

Physics. Ed. by D. Greenberger, K. Hentschel, and F. Weinert. Springer

Berlin Heidelberg, pp. 420–425. DOI: 10.1007/978-3-540-70626-7_129.

McTaggart, J. E. (1908). ‘The unreality of time’. Mind 17.68, pp. 457–474. DOI:

10.1093/mind/XVII.4.457.

Mermin, N. D. (2017). ‘Why QBism is not the Copenhagen interpretation and

what John Bell might have thought of it’. Quantum [Un]Speakables II. Ed. by

R. Bertlmann and A. Zeilinger. Springer Nature Switzerland, pp. 83–93.

DOI: 10.1007/978-3-319-38987-5_4.

Merricks, T. (2007). Truth and Ontology. Truth and Ontology. Clarendon Press.

Meyer, U. (2005). ‘The presentist’s dilemma’. Philosophical Studies 122.3,

pp. 213–225. DOI: 10.1007/s11098-005-1784-9.

Miller, A. (2019). ‘Realism’. The Stanford Encyclopedia of Philosophy. Ed. by

E. N. Zalta. Metaphysics Research Lab, Stanford University. URL:

https://plato.stanford.edu/archives/win2019/entries/realism/.

Miller, K. (2005). ‘Time travel and the open future’. Disputatio 1.19,

pp. 223–232. DOI: 10.2478/disp-2005-0009.

— (2017). ‘Anything I can do (with respect to truthmaking), you can do better

(or just as well): truthmaking and non-presentist dynamism’. Philosophical

Issues 27.1, pp. 184–203. DOI: 10.1111/phis.12094.

— (2019a). ‘Does it really seem to us as though time passes?’ The Illusions of

Time: Philosophical and Psychological Essays on Timing and Time Perception.

Ed. by A. Bardon, V. Artsila, S. E. Power, and A. Vatakis. Palgrave

McMillan, pp. 17–33. DOI: 10.1007/978-3-030-22048-8_2.

— (2019b). ‘The cresting wave: a new moving spotlight theory’. Canadian

Journal of Philosophy 49.1, pp. 94–122. DOI: 10.1080/00455091.2018.1519770.

188

https://doi.org/10.1007/978-3-540-70626-7_129
https://doi.org/10.1093/mind/XVII.4.457
https://doi.org/10.1007/978-3-319-38987-5_4
https://doi.org/10.1007/s11098-005-1784-9
https://plato.stanford.edu/archives/win2019/entries/realism/
https://doi.org/10.2478/disp-2005-0009
https://doi.org/10.1111/phis.12094
https://doi.org/10.1007/978-3-030-22048-8_2
https://doi.org/10.1080/00455091.2018.1519770


Miller, K. (forthcoming). ‘Pretence fictionalism about the non-present’. Inquiry:

An Interdisciplinary Journal of Philosophy. DOI:

10.1080/0020174X.2021.1971557.

Miller, K., A. Holcombe, and A. J. Latham (2018). ‘Temporal phenomenology:

phenomenological illusion versus cognitive error’. Synthese 197,

pp. 751–771. DOI: 10.1007/s11229-018-1730-y.

Misak, C. (2018). ‘The pragmatist theory of truth’. The Oxford Handbook of

Truth. Oxford University Press, pp. 283–304. DOI:

10.1093/oxfordhb/9780199557929.013.11.

Misner, C. W., K. S. Thorne, and J. A. Wheeler (1973). Gravitation. W. H.

Freeman.

Monton, B. (2002). ‘Wave function ontology’. Synthese 130.2, pp. 265–277. DOI:

10.1023/A:1014493527177.

— (2006). ‘Presentism and quantum gravity’. The Ontology of Spacetime. Ed. by

D. Dieks. Elsevier, pp. 263–280. DOI: 10.1016/S1871-1774(06)01014-X.

Moore, G. E. (1925). ‘A defence of common sense’. Contemporary British

Philosophy, Second Series. Ed. by J. H. Muirhead. George Allen and Unwin.

DOI: 10.4324/9781315823560-2.

— (1962). Commonplace Book, 1919-1953. Routledge.

Müller, T. and T. Placek (2016). ‘Defining determinism’. The British Journal for

the Philosophy of Science 69.1, pp. 215–252. DOI: 10.1093/bjps/axv049.

Myrvold, W. C. (2012). ‘Deterministic laws and epistemic chances’. Probability

in Physics. Ed. by Y. Ben-Menahem and M. Hemmo. Springer Berlin

Heidelberg, pp. 73–85. DOI: 10.1007/978-3-642-21329-8_5.

Nelson, E. (1966). ‘Derivation of the Schrödinger equation from Newtonian

mechanics’. Physical review 150.4, pp. 1079–1085. DOI:

10.1103/PhysRev.150.1079.

189

https://doi.org/10.1080/0020174X.2021.1971557
https://doi.org/10.1007/s11229-018-1730-y
https://doi.org/10.1093/oxfordhb/9780199557929.013.11
https://doi.org/10.1023/A:1014493527177
https://doi.org/10.1016/S1871-1774(06)01014-X
https://doi.org/10.4324/9781315823560-2
https://doi.org/10.1093/bjps/axv049
https://doi.org/10.1007/978-3-642-21329-8_5
https://doi.org/10.1103/PhysRev.150.1079


Norsen, T. (2011). ‘John S. Bell’s concept of local causality’. American Journal of

Physics 79.12, pp. 1261–1275. DOI: 10.1119/1.3630940.

North, J. (2011). ‘Time in thermodynamics’. The Oxford Handbook of the

Philosophy of Time. Ed. by C. Callender. Oxford University Press,

pp. 312–350. DOI: 10.1093/oxfordhb/9780199298204.003.0011.

Norton, J. (2010). ‘Time really passes’. Humana.Mente: Journal of Philosophical

Studies 13, pp. 23–24. URL: http://d-scholarship.pitt.edu/12548/.

— (2014). ‘The burning fuse model of unbecoming in time’. Studies in History

and Philosophy of Science Part B: Studies in History and Philosophy of Modern

Physics 52, pp. 103–105. DOI: 10.1016/j.shpsb.2014.07.004.

Oaklander, L. N. (2012). ‘A-, B- and R-theories of time: a debate’. The Future of

the Philosophy of Time. Ed. by A. Bardon. Routledge, pp. 1–24.

Paolini Paoletti, M. (2016). ‘A sketch of (an actually serious) Meinongian

presentism’. Metaphysica 17.1, pp. 1–18. DOI: 10.1515/mp-2015-0017.

Paul, L. A. (2010). ‘Temporal experience’. Journal of Philosophy 107.7,

pp. 333–359. DOI: 10.5840/jphil2010107727.

Peruzzi, G. and A. Rimini (1996). ‘Quantum measurement in a family of

hidden-variable theories’. Foundations of Physics Letters 9.6, pp. 505–519.

DOI: 10.1007/BF02190027.

Pooley, O. (2013). ‘Relativity, the open future, and the passage of time’.

Proceedings of the Aristotelian Society (Hardback) 113.3, pp. 321–363. DOI:

10.1111/j.1467-9264.2013.00357.x.

Popper, K. (1959). ‘The propensity interpretation of probability’. The British

Journal for the Philosophy of Science 10.37, pp. 25–42. DOI:

10.1093/bjps/X.37.25.

— (1982). Quantum Theory and the Schism in Physics. Routledge.

190

https://doi.org/10.1119/1.3630940
https://doi.org/10.1093/oxfordhb/9780199298204.003.0011
http://d-scholarship.pitt.edu/12548/
https://doi.org/10.1016/j.shpsb.2014.07.004
https://doi.org/10.1515/mp-2015-0017
https://doi.org/10.5840/jphil2010107727
https://doi.org/10.1007/BF02190027
https://doi.org/10.1111/j.1467-9264.2013.00357.x
https://doi.org/10.1093/bjps/X.37.25


Price, H. (2009). ‘The flow of time’. The Oxford Handbook of Philosophy of Time.

Ed. by C. Callender. Oxford University Press. DOI:

10.1093/oxfordhb/9780199298204.003.0010.

Prior, A. N. (1959). ‘Thank goodness that’s over’. Philosophy 34.128, pp. 12–17.

URL: http://www.jstor.org/stable/3748616.

— (1962). ‘Changes in events and changes in things’. Metaphysics: A Guide and

Anthology. Ed. by T. Crane and K. Farkas. Oxford University Press.

— (1968). ‘‘Now”. Noûs 2, pp. 101–119. DOI: 10.2307/2214699.

— (1968/2003). ‘Tense logic and the logic of earlier and later’. Papers on Time

and Tense. Ed. by P. Hasle, P. Ohrstrom, T. Braüner, and J. Copeland. 2nd Ed.

Oxford University Press, pp. 117–138.

— (1969/2003). ‘Recent advances in tense logic’. Papers on Time and Tense.

Ed. by P. Hasle, P. Ohrstrom, T. Braüner, and J. Copeland. 2nd Ed. Oxford

University Press, pp. 103–116.

— (1972). ‘The notion of the present’. The Study of Time. Ed. by J. T. Fraser,

F. Haber, and G. Muller. Springer Verlag, pp. 320–323. DOI:

10.1007/978-3-642-65387-2_22.

Prosser, S. (2007). ‘Could we experience the passage of time?’ Ratio 20.1,

pp. 75–90. DOI: 10.1111/j.1467-9329.2007.00348.x.

— (2012). ‘Why does time seem to pass?’ Philosophy and Phenomenological

Research 85.1, pp. 92–116. DOI: 10.1111/j.1933-1592.2010.00445.x.

Przibram, K., E. Schrödinger, A. Einstein, H. A. Lorentz, and M. Planck (1967).

Letters on Wave Mechanics. Philosophical Library.

Putnam, H. (1967). ‘Time and physical geometry’. The Journal of Philosophy

64.8, pp. 240–247. DOI: 10.2307/2024493.

Quine, W. V. (1960). Word and Object. MIT Press.

191

https://doi.org/10.1093/oxfordhb/9780199298204.003.0010
http://www.jstor.org/stable/3748616
https://doi.org/10.2307/2214699
https://doi.org/10.1007/978-3-642-65387-2_22
https://doi.org/10.1111/j.1467-9329.2007.00348.x
https://doi.org/10.1111/j.1933-1592.2010.00445.x
https://doi.org/10.2307/2024493


Quine, W. V. (1963). ‘On simple theories of a complex world’. Synthese 15.1,

pp. 103–106. DOI: 10.1007/BF00484843.

Ramsey, F. P. and G. E. Moore (1927). ‘Symposium: facts and propositions’.

Proceedings of the Aristotelian Society, Supplementary Volumes 7, pp. 153–206.

DOI: 10.1093/aristoteliansupp/7.1.153.

Ray, G. (2018). ‘Tarski on the concept of truth’. The Oxford Handbook of Truth.

Ed. by M. Glanzberg. Oxford University Press, pp. 695–715. DOI:

10.1093/oxfordhb/9780199557929.013.27.

Renou, M.-O., D. Trillo, M. Weilenmann, L. P. Thinh, A. Tavakoli, N. Gisin,

A. Acin, and M. Navascues (2021). ‘Quantum physics needs complex

numbers’. Preprint. URL: https://arxiv.org/abs/2101.10873.

Rietdijk, C. W. (1966). ‘A rigorous proof of determinism derived from the

special theory of relativity’. Philosophy of Science 33.4, pp. 341–344. DOI:

10.1086/288106.

Rogers, K. A. (2007). ‘Anselmian eternalism: the presence of a timeless God’.

Faith and Philosophy 24.1, pp. 3–27. DOI: 10.5840/faithphil200724134.

Rovelli, C. (2019). ‘Neither presentism nor eternalism’. Foundations of Physics

49.12, pp. 1325–1335. DOI: 10.1007/s10701-019-00312-9.

Russell, B. (1937). The Principles of Mathematics. 2nd Ed. Routledge. DOI:

10.4324/9780203822586.

Sakurai, J. J. (1994). Modern quantum mechanics. Ed. by S. F. Tuan. Rev. Ed.

Addison-Wesley.

Salmon, W. C. (1984). Scientific Explanation and the Causal Structure of the World.

Princeton University Press. DOI: 10.1515/9780691221489.

Saunders, S., J. Barrett, A. Kent, and D. Wallace (2010). Many worlds?: Everett,

quantum theory, & reality. Oxford University Press.

192

https://doi.org/10.1007/BF00484843
https://doi.org/10.1093/aristoteliansupp/7.1.153
https://doi.org/10.1093/oxfordhb/9780199557929.013.27
https://arxiv.org/abs/2101.10873
https://doi.org/10.1086/288106
https://doi.org/10.5840/faithphil200724134
https://doi.org/10.1007/s10701-019-00312-9
https://doi.org/10.4324/9780203822586
https://doi.org/10.1515/9780691221489


Savitt, S. F. (2000). ‘There’s no time like the present (in Minkowski spacetime)’.

Philosophy of Science 67.3, S563–574. DOI: 10.1086/392846.

— (2002). ‘On absolute becoming and the myth of passage’. Time, Reality &

Experience. Ed. by C. Callender, pp. 153–168. DOI:

10.1017/CBO9780511550263.009.

— (2006). ‘Presentism and eternalism in perspective’. Philosophy and

Foundations of Physics 1, pp. 111–127. DOI: 10.1016/S1871-1774(06)01006-0.

Scully, M. O., B.-G. Englert, and H. Walther (1991). ‘Quantum optical tests of

complementarity’. Nature 351. URL: http://dx.doi.org/10.1038/351111a0.

Sharlow, M. (2007). ‘The quantum mechanical path integral: toward a realistic

interpretation’. Preprint. URL: http://philsci-archive.pitt.edu/3780/.

Shaw, R. E. and J. Pittenger (1978). ‘Perceiving change’. Modes of Perceiving and

Processing Information. Erlbaum Hillsdale, pp. 187–204.

Shcherbatsky, F. (1962). Buddhist Logic. Vol. 1. Constable and Co.

Shieh, S. (2018). ‘Truth, objectivity, and realism’. The Oxford Handbook of Truth.

Oxford University Press, pp. 433–474. DOI:

10.1093/oxfordhb/9780199557929.013.14.

Sider, T. (1999). ‘Presentism and ontological commitment’. Journal of Philosophy

96.7, pp. 325–347. DOI: 10.2307/2564601.

— (2001). Four Dimensionalism: An Ontology of Persistence and Time. Oxford

University Press.

— (2003). ‘What’s so bad about overdetermination?’ Philosophy and

Phenomenological Research 67.3, pp. 719–726. DOI:

10.1111/j.1933-1592.2003.tb00321.x.

— (2005). ‘Travelling in A- and B- time’. The Monist 88.3, pp. 329–335. DOI:

10.5840/monist200588326.

193

https://doi.org/10.1086/392846
https://doi.org/10.1017/CBO9780511550263.009
https://doi.org/10.1016/S1871-1774(06)01006-0
http://dx.doi.org/10.1038/351111a0
http://philsci-archive.pitt.edu/3780/
https://doi.org/10.1093/oxfordhb/9780199557929.013.14
https://doi.org/10.2307/2564601
https://doi.org/10.1111/j.1933-1592.2003.tb00321.x
https://doi.org/10.5840/monist200588326


Sider, T. (2006). ‘Quantifiers and temporal ontology’. Mind 115.457, pp. 75–97.

DOI: 10.1093/mind/fzl075.

Skow, B. (2007). ‘What makes time different from space?’ Noûs 41, pp. 227–252.

DOI: 10.1111/j.1468-0068.2007.00645.x.

— (2015). Objective Becoming. Oxford University Press.

Smart, B. T. H. and K. P. Y. Thébault (2013). ‘On the metaphysics of least

action’. Preprint. URL: http://philsci-archive.pitt.edu/9642/.

Smith, N. (2011). ‘Inconsistency in the A-theory’. Philosophical Studies 156.2,

pp. 231–247. DOI: 10.1007/s11098-010-9591-3.

Smith, Q. (2002). ‘Time and degrees of existence: a theory of “degree

presentism”’. Royal Institute of Philosophy Supplement 50, pp. 119–136. DOI:

10.1017/S1358246100010535.

Smolin, L. (2013). Time Reborn: From the Crisis in Physics to the Future of the

Universe. Houghton Mifflin Harcourt.

Smolin, L. and C. Verde (2021). ‘The quantum mechanics of the present’.

Preprint. URL: https://arxiv.org/abs/2104.09945.

Soames, S. (1999). Understanding Truth. Oxford University Press.

Sober, E. (2006). ‘Parsimony’. The Philosophy of Science: An Encyclopedia. Vol. 2.

Routledge, pp. 531–538. DOI: 10.4324/9780203953679.

Sorkin, R. (2007). ‘Relativity theory does not imply that the future already

exists: a counterexample’. Relativity and the Dimensionality of the World.

Ed. by V. Petkov. Springer, pp. 153–162. DOI: 10.1007/978-1-4020-6318-3_9.

Sosa, E. (1979). ‘The status of becoming: what is happening now?’ Journal of

Philosophy 76.1, pp. 26–42. DOI: 10.2307/2025813.

Stein, H. (1991). ‘On relativity theory and openness of the future’. Philosophy of

Science 58.2, pp. 147–167. DOI: 10.1086/289609.

194

https://doi.org/10.1093/mind/fzl075
https://doi.org/10.1111/j.1468-0068.2007.00645.x
http://philsci-archive.pitt.edu/9642/
https://doi.org/10.1007/s11098-010-9591-3
https://doi.org/10.1017/S1358246100010535
https://arxiv.org/abs/2104.09945
https://doi.org/10.4324/9780203953679
https://doi.org/10.1007/978-1-4020-6318-3_9
https://doi.org/10.2307/2025813
https://doi.org/10.1086/289609


Tallant, J. (2009). ‘Ontological cheats might just prosper’. Analysis 69.3,

pp. 422–430. DOI: 10.1093/analys/anp077.

— (2013). ‘Quantitative parsimony and the metaphysics of time: motivating

presentism’. Philosophy and Phenomenological Research 87.3, pp. 688–705.

DOI: 10.1111/j.1933-1592.2012.00617.x.

— (2014a). ‘Defining existence presentism’. Erkenntnis 79, pp. 479–501. DOI:

10.1007/s10670-013-9499-3.

— (2014b). ‘Presentism, truthmaking and necessary connections’. Theoria 80.4,

pp. 211–221. DOI: 10.1111/theo.12062.

— (2019). ‘Presentism remains’. Erkenntnis 84.2, pp. 409–435. DOI:

10.1007/s10670-017-9965-4.

Tallant, J. and D. Ingram (2015). ‘Nefarious presentism’. The Philosophical

Quarterly 65.260, pp. 355–371. DOI: 10.1093/pq/pqu095.

— (2021). ‘The rotten core of presentism’. Synthese 199, pp. 3969–3991. DOI:

10.1007/s11229-020-02965-w.

Tan, P. (forthcoming). ‘The growing block and what was once present’.

Erkenntnis, pp. 1–22. DOI: 10.1007/s10670-020-00326-0.

Terekhovich, V. (2018). ‘Metaphysics of the principle of least action’. Studies in

History and Philosophy of Science Part B: Studies in History and Philosophy of

Modern Physics 62, pp. 189–201. DOI: 10.1016/j.shpsb.2017.09.004.

Thomas, E. (2019). ‘The roots of C. D. Broad’s growing block theory of time’.

Mind 128.510, pp. 527–549. DOI: 10.1093/mind/fzx020.

Thyssen, P. (2019). ‘Conventionality and reality’. Foundations of Physics 49.12,

pp. 1336–1354. DOI: 10.1007/s10701-019-00294-8.

Tooley, M. (1997). Time, Tense, and Causation. Oxford University Press.

Torrengo, G. (2013). ‘The grounding problem and presentist explanations’.

Synthese 190.12, pp. 2047–2063. DOI: 10.1007/s11229-011-9955-z.

195

https://doi.org/10.1093/analys/anp077
https://doi.org/10.1111/j.1933-1592.2012.00617.x
https://doi.org/10.1007/s10670-013-9499-3
https://doi.org/10.1111/theo.12062
https://doi.org/10.1007/s10670-017-9965-4
https://doi.org/10.1093/pq/pqu095
https://doi.org/10.1007/s11229-020-02965-w
https://doi.org/10.1007/s10670-020-00326-0
https://doi.org/10.1016/j.shpsb.2017.09.004
https://doi.org/10.1093/mind/fzx020
https://doi.org/10.1007/s10701-019-00294-8
https://doi.org/10.1007/s11229-011-9955-z


Valente, M. B. (2011). ‘Are virtual quanta nothing but formal tools?’

International Studies in the Philosophy of Science 25.1, pp. 39–53. DOI:

10.1080/02698595.2011.552417.

van Cleve, J. (2011). ‘Rates of passage’. Analytic Philosophy 52.3, pp. 141–170.

DOI: 10.1111/j.2153-960X.2011.00524.x.

van Fraassen, B. C. (1980). The Scientific Image. Oxford University Press.

van Inwagen, P. (2008). ‘Mcginn on existence’. The Philosophical Quarterly

58.230, pp. 36–58. DOI: 10.1111/j.1467-9213.2008.534.x.

Vasubandhu and L. de la Vallée Poussin (1990). Abhidharmakoabhyam. Asian

Humanities Press.

Vink, J. C. (1993). ‘Quantum mechanics in terms of discrete beables’. Phys. Rev.

A 48, pp. 1808–1818. DOI: 10.1103/PhysRevA.48.1808.

Walker, R. C. S. (2017). ‘Theories of truth’. A Companion to the Philosophy of

Language. Ed. by B. Hale, C. Wright, and A. Miller. 2nd Ed. Wiley-Blackwell,

pp. 532–555. DOI: 10.1002/9781118972090.ch21.

Wallace, D. (2008). ‘The quantum measurement problem: state of play’. The

Ashgate Companion to Contemporary Philosophy of Physics. Ed. by D. Rickles.

Ashgate, pp. 16–98. DOI: 10.4324/9781315612676.

Walsh, Z. (2016). ‘A meta-critique of mindfulness critiques: from

McMindfulness to critical mindfulness’. Handbook of Mindfulness: Culture,

Context, and Social Engagement. Ed. by R. E. Purser, D. Forbes, and A. Burke.

Springer International Publishing, pp. 153–166. DOI:

10.1007/978-3-319-44019-4_11.

Warder, A. K. (1980). Indian Buddhism. 2nd Rev. Ed. Motilal Banarsidass.

Wharton, K. (2012). ‘The universe is not a computer’. Questioning the

Foundations of Physics: Which of Our Fundamental Assumptions Are Wrong?

196

https://doi.org/10.1080/02698595.2011.552417
https://doi.org/10.1111/j.2153-960X.2011.00524.x
https://doi.org/10.1111/j.1467-9213.2008.534.x
https://doi.org/10.1103/PhysRevA.48.1808
https://doi.org/10.1002/9781118972090.ch21
https://doi.org/10.4324/9781315612676
https://doi.org/10.1007/978-3-319-44019-4_11


Ed. by A. Aguirre, B. Foster, and Z. Merali. Springer International

Publishing, pp. 177–190. DOI: 10.1007/978-3-319-13045-3_12.

Wharton, K. (2013). ‘Lagrangian-only quantum theory’. Preprint. URL:

https://arxiv.org/abs/1301.7012.

Wheeler, J. A. (1978). ‘The “past” and the “delayed choice” double-slit

experiment’. The Mathematical Foundations of Quantum Theory. Ed. by

A. R. Marlow. Academic Press Inc., pp. 9–48. DOI:

10.1016/B978-0-12-473250-6.50006-6.

White, A. R. (1986). ‘Common sense: Moore and Wittgenstein’. Revue

Internationale de Philosophie 40.158 (3), pp. 313–330. URL:

http://www.jstor.org/stable/23946628.

Williams, C. (1996). ‘The metaphysics of A- and B-time’. Philosophical Quarterly

46.184, pp. 371–381. DOI: 10.2307/2956448.

Williams, D. (1951). ‘The myth of passage’. Journal of Philosophy 48.15,

pp. 457–472. DOI: 10.2307/2021694.

Wittgenstein, L. (1969). On Certainty. Ed. by G. E. M. Anscombe and G. H. von

Wright. Basil Blackwell.

Wüthrich, C. (2010). ‘No presentism in quantum gravity’. Space, Time, and

Spacetime. Ed. by V. Petkov. Springer, pp. 257–278. DOI:

10.1007/978-3-642-13538-5_12.

— (2013). ‘The fate of presentism in modern physics’. New Papers on the

Present - Focus on Presentism. Ed. by R. Ciuni, K. Miller, and G. Torrengo.

Philosophia Verlag, pp. 91–131. URL: https://arxiv.org/abs/1207.1490.

Zeh, H. D. (1970). ‘On the interpretation of measurement in quantum theory’.

Foundations of Physics 1.1, pp. 69–76. DOI: 10.1007/BF00708656.

— (1999). ‘Why Bohm’s quantum theory?’ Foundations of Physics Letters 12.2,

pp. 197–200. DOI: 10.1023/A:1021669308832.

197

https://doi.org/10.1007/978-3-319-13045-3_12
https://arxiv.org/abs/1301.7012
https://doi.org/10.1016/B978-0-12-473250-6.50006-6
http://www.jstor.org/stable/23946628
https://doi.org/10.2307/2956448
https://doi.org/10.2307/2021694
https://doi.org/10.1007/978-3-642-13538-5_12
https://arxiv.org/abs/1207.1490
https://doi.org/10.1007/BF00708656
https://doi.org/10.1023/A:1021669308832


Zhang, X., T. Li, Z. Yang, and X. Zhang (2018). ‘Experimental observation of

the Leggett-Garg inequality violation in classical light’. Journal of Optics

21.1, 015605. DOI: 10.1088/2040-8986/aaf4ae.

Zimmerman, D. (1996). ‘Persistence and presentism’. Philosophical Papers 25.2,

pp. 115–126. DOI: 10.1080/05568649609506542.

— (2008). ‘The privileged present: defending an "A-theory" of time’.

Contemporary Debates in Metaphysics. Ed. by T. Sider, J. Hawthorne, and

D. W. Zimmerman. Blackwell, pp. 211–225.

— (2011). ‘Presentism and the space-time manifold’. The Oxford Handbook of

Philosophy of Time. Ed. by C. Callender. Oxford University Press,

pp. 163–246. DOI: 10.1093/oxfordhb/9780199298204.003.0008.

Zurek, W. (1991). ‘Decoherence and the transition from quantum to classical’.

Physics Today 44.10, pp. 36–44. DOI: 10.1063/1.881293.

Zwiebach, B. (2009). A First Course in String Theory. Cambridge University

Press. DOI: 10.1017/CBO9780511841620.

198

https://doi.org/10.1088/2040-8986/aaf4ae
https://doi.org/10.1080/05568649609506542
https://doi.org/10.1093/oxfordhb/9780199298204.003.0008
https://doi.org/10.1063/1.881293
https://doi.org/10.1017/CBO9780511841620

	Abstract
	Acknowledgements
	Attributions
	Introduction
	A first look at presentism
	Aims of the thesis
	Two initial problems for presentism

	Defining Presentism
	Introduction
	Presentism in the literature
	Understanding presentism negatively
	Pessimism towards defining presentism
	Conclusion

	Presentism and Truthmaking
	Introduction
	Presentism and truthmaking
	From truthmaking to physics
	Hard presentist physics
	Metaphysical objections to hard presentism
	Conclusion

	Presentism and Relativity
	Introduction
	The problem of relativity
	Responding with copresentness reductionism
	Conclusion

	Presentism and Quantum Mechanics
	Introduction
	Interpretations in the literature
	Outlining a presentist interpretation
	Merits of the presentist approach
	Conclusion

	Conclusion
	The Forgetful World
	Three Brief Applications
	Final Remarks

	Bibliography

