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Chapter 1

Introduction

1.1 The problem of omniscience and future

contingents

In this dissertation I will try to establish whether an omniscient being could

know future contingents. A future contingent is a future state of affairs for

which it is not yet settled whether or not it will obtain. For example, consider

‘my sitting at 11:37 tomorrow’. Could an omniscient being, say God, know

whether I will be sitting tomorrow at 11:37? And if so, would this state of

affairs preserve its current contingency? To face this problem we will need to

assume that infallible knowledge is theoretically possible, and that the future

is at least partly open to allow for talk of contingency.

This dissertation is about omniscience and contingency, not about the

very related problem of omniscience and freewill. I will therefore not consider

the question ‘If an omniscient being knows now that I will be sitting tomorrow
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at 11:37, will my sitting be free?’. Understanding whether a future contingent

state of affairs can be infallibly known is preliminary to studying the problem

of whether such infallible knowledge prevents freedom.

In the omniscience versus contingency problem, as opposed to the omni-

science versus freewill problem, the objects of knowledge need not be solely

human actions, but can be extended to contingent states of affairs at large,

such as, for example, the blossoming of a flower or the radioactive decay of

a nucleus.

1.2 Setting up the problem: the Lead Argu-

ment, assumptions, definitions and nota-

tion

I propose to tackle the problem by discussing the following Lead Argument:

(1) For every proposition p, if God knows that p, then p is true.
(2) Future contingent propositions are not true.
(3) No one knows future contingent propositions, not even God.

The above argument is valid, for it is formally modus tollens :

A ⊃ B
∼ B
∼ A

To establish whether it is also sound we will need to examine the truth of its
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premises. But let me first reveal my starting assumptions. In premise (1) I

decide to analyse knowledge as knowledge of propositions. Although this is a

standard choice, one may legitimately wonder to what extent it is appropriate

to claim that God has knowledge of propositions. Whilst I do not want to

argue for this here, it will suffice to note that even if knowledge were analysed

instead as, say, knowledge of properties, all the results of this dissertation

would still hold. At any rate, propositional logic is my framework of choice,

and that of most philosophers I considered. Also, to be more vivid, I am

here using ‘God’ in place of ‘omniscient being’, but we need not worry about

other alleged properties of the theist’s God besides omniscience.

Premise (1) expresses a necessary condition for knowledge which should

be fairly uncontroversial. That p must be true in order for any epistemic

subject to know p is asserted in most accounts of propositional knowledge

[Sosa et al., 2000]. The search for other necessary conditions, such as belief

or justification, is not needed for our purposes. Note that premise (1) is not

a statement of omniscience, i.e. the faculty of infallible, whole-encompassing

knowledge. We could formalise omniscience like this: “For every proposition

p, if p, then God knows that p” – which expresses that to God’s penetrating

gaze, the truth of p is sufficient for knowledge. But of course, for an argu-

ment which aims at showing that future contingents cannot be known, the

necessary condition for ordinary knowledge in premise (1) is all one needs.

Omniscience entails ordinary knowledge, so if ordinary knowledge falls, om-

niscience falls with it. We can therefore take premise (1) to be true and we

shall not have more to say about it for the rest of this dissertation.

Our focus is instead premise (2). This premise is true just in case either
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future contingent propositions are always and only false or they are neither

true nor false i.e. indeterminate. I will discuss these two cases respectively in

Chapters 2 and 4. Premise (2) is on the other hand false just in case future

contingent propositions are either true or false. I will discuss this in Chapter

3.

The manner in which premise (2) can be false requires perhaps further

clarification. One might be tempted to say that, assuming that future con-

tingent propositions are determinately either true or false, premise (2) is true

when any such p just happens to be false, and false when any such p just

happens to be true. But this is not so. Premise (2) is falsified when a fu-

ture contingent proposition (i) has got a truth-value assignment and (ii) this

truth-value is not invariably false. To use our previous example: suppose p =

‘I will be sitting tomorrow at 11:37’ is now either true or false. If so, pick the

case in which it is actually false, but could have possibly been true. What

an omniscient being would now know is not so much the falsity of p, which

by definition He/She could not know, but the truth of not-p. So, in cases

of determinately-either-true-or-false propositions there is always something

to be known, unlike cases of determinately-always-false propositions which

flatly cannot be known.

Before proceeding, let me make you acquainted with the notation and

formalism which I will be using throughout this dissertation. This is my

own blend of the very diverse styles I have encountered. Propositions will be

denoted, as it has been done already, by p, q, ... . Unless stated otherwise p

will stand for ‘future contingent proposition’. Points in time will be denoted

by α, β, ... . A closed, deterministic future will be modeled as a straight line,
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Figure 1.1: A diagram representing an open future. The point α is the
present time; the line to its left, the past; the two lines branching off to the
right are two possible futures histories, h and g, representing two possible
truth-value states (true or false) for a proposition p.

whilst an open, indeterministic future will be modeled as a tree where lines

branch off from the present. Further qualifications will be introduced in due

course. A useful diagram is shown in Figure 1.1. This diagram is appropriate

for a binary future development of a single state of affairs: there is a future

history h on which the state of affairs obtains and a future history g on

which it does not, or equivalently, a future where p is true and one where it

is false. In general we could imagine more complicated tree diagrams where

more than two history lines branch off from the present – this would indicate

that histories differ from each other in more than one respect – but for our
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purposes this is not needed.

If a proposition p has a tense-neutral (present-tense) verb, then futurity

and pastness can be conferred by adding a future operator F or a past op-

erator P . For example, if p = ‘it rains’, Fp will read ‘it will rain’ and Pp

will read ‘it did rain’. For more accurate time reference, the integers m,n, ...

indicate the number of arbitrary time-units. For example Fnp will mean ‘it

will rain n time-units from now’ and Pmp will mean ‘it did rain m time-units

back’.

The negation operator is N . The operator L confers a past-type necessity

to the proposition that follows it. So Lp will mean ‘it is now-unpreventable

that it rains’. Other logic operators are either standard or will be introduced

in due course.

A valuation V is a function which takes as inputs a proposition p, a time

α and a history h, and returns a truth-value. In symbols: V h
α (p) = {T, F, [i]}

means that p is evaluated at α on h and can have in general one of three

truth-value assignments, true, false or, for three-valued logic, indeterminate.

Finally, to indicate that a history h goes through a time-point α we write

h/α.

For each doctrine of truth-value assignment that I will consider I will

examine what logic system supports it. In particular I will be interested in

assessing whether or not each system admits of some of the laws of classical

logic. Here are the few I am interesting in:

The Law of Bivalence:

∀p ∀α (Vα(p) = T ∨ Vα(p) = F ) , (1.1)
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where ‘∨’ indicates ‘exclusive or’.

The Law of Non-Contradiction:

∀p N (p & Np) , (1.2)

The Law of Excluded Middle:

∀p (p ∨Np) . (1.3)
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Chapter 2

Future contingent propositions

are false

2.1 Peircian presentism

C. S. Peirce’s semantics and doctrine of time were revived by A. N. Prior

and presented as one of the classic solutions to the problem of knowledge

of future contingents [Prior, 1967]. Presentism is the view that only what

exists in the present can be said to really exist. Talk of the future is mean-

ingless, unless what is said that it is going to happen is already necessary in

the present. Thus, contingent future-tense propositions, although they can

be formed, when uttered in the present are automatically false. An informal

Peircian argument for the falsity of future contingent propositions might look

like this:
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(I) If p = ‘It will rain tomorrow’ is true, then it is a fact now that it
will rain tomorrow.

(II) It is not a fact now that it will rain tomorrow.
(III) p is false.

The argument is valid. Premise (I) follows from the presentist’s view that

truth must be grounded on present fact. In this doctrine, a proposition is

true iff there is a truth-maker – in this case a corresponding fact in the world,

existing in the present – that warrants that truth1.

Premise (II) assumes indeterminism, at least with respect to weather

conditions. We might take this to mean that it is not already present in

today’s natural causes that it will rain tomorrow. This suggests a view of

future contingent states of affairs as not causally determined by laws of nature

and the conditions of the present. In this sense it could not be a fact of today

that it will rain tomorrow. But a serious analysis of this position would take

us too afar. Instead, let us try to give a more precise logical formulation of

the Peircian model, and steer away from the more involved issues of causal

determinism which do not concern us here.

Using a blend of definitions by Thomason [Thomason, 1970] and Burgess

[Burgess, 1978] suitably modified by me2, the Peircian system is defined in-

1Truth-maker theories of truth are known to have limits [Sainsbury, 1995]. Two im-
portant ones are the difficulty in identifying the truth-maker for negative existential state-
ments (e.g. ‘the Unicorn does not exist’ – what truth-maker warrants this statement?)
and the difficulty in affirming the existence of an empty world (e.g. ‘there are no objects
in this world’ – which is false as soon as we require that a truth-maker for that proposition
must exist in that world). But this is not the place to to pursue this point any further.

2Beside notational adjustments to keep consistency throughout my dissertation, I have
turned Thomason’s original ‘if’ into ‘iff’. As I have learned from a personal communication
with Dr Nils Kurbis it is sometimes customary for logicians to use ‘if’ in place of ‘iff’ in
definitions. In Thomason’s case I have satisfied myself that only a ‘iff’ statement yields
the desired results, so I have used it here to avoid confusion.
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ductively by the following set:

Vα(p) = {T, F} (2.1)

Vα(Np) = NVα(p), (2.2)

Vα(p ⊃ q) = T iff Vα(p) = F ∨ Vα(q) = T, (2.3)

Vα(Pp) = T iff ∃β < α & Vβ(p) = T, (2.4)

Vα(Fp) = T iff ∀h/α ∃β > α & V h
β (p) = T. (2.5)

The first definition is simply an expression that truth valuation in this system

is performed at a time-point only, and that only one of exactly two truth-

values can be returned, an effect of the Law of Bivalence (1.1). All the other

definitions should be self-explanatory.

In particular, definition (2.5) allows us to see that in this model all future

contingent propositions default to falsity, as anticipated. We are told that Fp

is now true if and only if, on every history line passing through the present,

at some point in the future there will be a time β such that p is true at β.

With the aid of Figure 1.1 we can see that it is not the case that on every

history line passing through the present, at some point in the future it will

be the case that p is true, for on history g, p will be false. Therefore it is not

the case that Vα(Fp) = T . This, supplied with the Law of Bivalence, yields

the result that every future contingent proposition is false. This is a neat

and simple result which makes our Lead Argument run.

Other properties of the system include that the Law of Excluded Middle
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does not hold when its terms are future contingents, (Fp ∨ FNp). Note

that the appropriate negation of Fp is not NFp, but FNp, because the

former only states that now it is not the case that in the future it will be

that p, whilst the latter commits to the falsity of p in the future – this very

important distinction is due to Prior and we will return to it with more

care in the next section. For now let us continue with the proof. We have

already shown above that Vα(Fp) = F . Similarly, it is also not the case that

on every future history there is a time β for which Vβ(Np) = T , for Np is

false on h. Hence we have Vα(FNp) = F . Therefore we can conclude that

Vα(Fp ∨ FNp) = F because both terms of the disjunction are false3.

For completeness, note that F (p ∨ Np) does instead hold, but this ex-

presses the validity of the Law of Excluded Middle as transported to the

future, and not the Law of Excluded Middle applied to future contingents,

which is what we were after.

The Law of Non-Contradiction applied to future contingents, N(Fp&FNp),

does instead hold when evaluated in α, because both conjuncts are false, as

it was just shown. The reason why it holds though, it is quite unlike ordinary

Non-Contradiction, for which if one of the conjuncts is true the other is false.

Note finally that from (2.5) we can deduce that a future contingent propo-

sition is true if and only if it is necessarily true. In the Peircian system there

is no difference between ‘it will be that’ and ‘it will necessarily be that’. A

simple, open ‘will’ is inexpressible.

3This last step assumes that V (A ∨ B) = V (A) ∨ V (B), a property of V which is not
made explicit by Thomason in [Thomason, 1970].
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2.2 Prior’s tense logic

Arthur Prior pioneered a formulation of logic featuring tense operators [Prior, 1962a],

some of which we have encountered already. Here we will be mainly in-

terested in his predicate calculus as applied to future contingent proposi-

tions and omniscience. Prior deals with this problem in his “The Formalities

of Omniscience” [Prior, 1962b], where he establishes that future contingent

propositions cannot be known. Prior’s point is that, in the present, there are

no truths of the form ‘It will be the case that p’ or ‘It will be the case that

not-p’ to be known, therefore no omniscience is possible, at least in the sense

of foreknowledge. He thus gives direct support to our lead argument, and

the insight as to why future contingent propositions aren’t true is interesting.

Prior observes that

[...] nothing can be said to be truly ‘going-to-happen’ [...] until it is
‘so present in its causes’ as to be beyond stopping; until that happens,
neither ‘It will be the case that p’ nor ‘It will be the case that not-p’ is
strictly speaking true (p124, [Prior, 1962b]),

but firmly believes that this should not lead us to conclude that future con-

tingent proposition are in the present truth-value indeterminate. All we need

to do, in order to preserve the Law of Bivalence and make sense of the intu-

ition that there isn’t as yet a truth about the future to be known, is to be

able to distinguish between the following two forms:

It will be that it is not the case that p (i.e. FnNp), (2.6)

It is not the case that it will be that p (i.e. NFnp). (2.7)
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The first form commits us to asserting now that Np will be the case, which

is true only if it is already beyond alteration that Np will be the case. The

second form, instead, makes a weaker claim: all it says is that it isn’t the

case now that p will be the case, which is true if in fact Np will be the case,

as claimed in the first form, but also if it is yet undecided whether Np or p

will be the case. In other words, the first form commits us to the necessity

of Np, whilst the second is compatible with the contingency of p.

The relation between truth and necessity is a very crucial one, and an

important respect in which solutions to this problem differ. In Prior, as in

Peirce, it is clear that the truth of Fp implies the necessity of Fp. As we will

see Ockhamists deny this implication.

Thus, for Prior, the Law of Excluded Middle,

(Fnp ∨ FnNp) , (2.8)

holds only when each of its terms can be lawfully expressed in the present,

i.e. when commitment to the futurition of p or of Np can be made. As we

have just seen, FNp isn’t the appropriate form to use when the future is

genuinely metaphysically open and p is contingent. To be consistent with

contingency, all we can say from the present, looking into the future, is:

N (Fnp ∨ FnNp) , (2.9)

which, in my understanding, is a way of stating NFnp with a law.

As far as the past is concerned though, these differences regarding the
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way a tensed proposition is denied do not apply, for a past event has either

occurred or it hasn’t. Because all past events are now-necessary, there is no

distinction between PnNp and NPnp. The following law therefore holds:

(Pnp ∨ PnNp) . (2.10)

With these distinctions in mind, we should be now in a position to follow

Prior’s involved argument to show that omniscience (at least when under-

stood as foreknowledge) of future contingents is not tenable. I will present

my own rendition of Prior’s original argument [Prior, 1962b].

First we need to establish a result which is a direct consequence of what

we have been saying so far. Let M be a possibility operator such that Mx

means ‘It is possible that x’. When applied to a future-tense proposition,

the following definition holds: MFnp = NFnNp, and similarly for the past:

MPnp = NPnNp. Now, working on the past case we get

MPnp = NPnNp = Pnp, (2.11)

where ‘=’ means ‘iff’ and the last step follows from the fact that if it is not

the case that n time-units back Np was the case, then n time-units back it

was the case that p, because of (2.10). However for the future we have

MFnp = NFnNp 6= Fnp, (2.12)

where the last inequality follows from the fact that (2.9) holds and (2.8)

doesn’t. So, in general, we have that Mx = x holds only when x is a past-
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tense propositions, not a future one. The message is that we cannot move

from the mere possibility that something will be true in the future to asserting

that that thing will in fact be true.

Keeping the latter result (MFnp 6= Fnp) in store for now, let us bring

omniscience into the picture. Let Gp mean ‘God knows that p’. Prior for-

malises omniscience like thus:

∀p p = PnGFnp, (2.13)

which asserts that for every p, p is true iff it was the case n time-units

back that God knew that n time-units forth from then p would be the case.

Prior chooses this formulation in place of the more straightforward ‘∀p p =

Gp’ because the former is more explicitly an expression of foreknowledge,

and as such renders the tension between knowledge and contingency more

perspicuous. After all, p = Gp in the present tense may suggest that God

knows that p when the corresponding state of affairs obtains, not before, and

this would not place God in any special epistemic position.

Prior then proceeds by claiming that the theological statement in (2.13)

entails the following metaphysical statement:

∀p p = PnFnp, (2.14)

and I agree this is so, for, in order for God to know n time-units back that p

will be the case n time-units forth, it must have been true n time-units back

that p will be the case n time-units forth. Here Prior is using again the nihil

16



potest sciri nisi verum principle. It’s plain: if there was knowledge in the

past, then there was a truth to be known.

If we can accept this, the next should come easier. Prior asks to take this

as a truism:

∀p p = FnPnp, (2.15)

and I think we can, for it states that p is now the case iff it will be the case

n time-units forth that it was the case n time-units back that p. This is

fine, for it is simply past-necessity in action: when, in the future, a present

event will become past, this event will acquire the necessity that is normally

ascribed to the things that have passed.

Armed with principles (2.11) – (2.15) we can now follow a slightly involved

argument which moves from MFnp to Fnp (on each line I have indicated

how the line is calculated):

MFnp = NFnNp (2.12, first equality)
= FnPnNFnNp ((2.15) applied as q = FnPnq with q = NFnFp)
= FnNPnNNFnNp ((2.11) applied as NPnNq = Pnq with q =
NFnNp)
= FnNPnFnNp (NNp = p)
= FnNNp ((2.14) applied as q = PnFnq and q = Np)
= Fnp (NNp = p).

If you are as satisfied as I am that the calculus is correct, then we have just

shown that MFnp = Fnp, which contradicts (2.12). Therefore one of the

principles used in the above deduction must give, and according to Prior the

culprit is the metaphysical statement in (2.14) which occurs in line five. And

if (2.14) gives, then (2.13) gives too, for the latter entails the former. That

is how Prior kills God’s foreknowledge of future contingents.
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What are we to think of all this? Let us recall Prior’s move. He has first

established that MFnp 6= Fnp. Then he has shown by other independent

means that MFnp = Fnp. This generates a contradiction, to solve which

p = PnFnp must give, and with it goes p = PnGFnp. I agree that p =

PnFnp is the weakest link in the deduction, and, as I have shown above I

agree too that p = PnGFnp entails p = PnFnp. So if I concede to Prior

that p = PnFnp must give, then I am bound to accept his conclusion against

foreknowledge. So, it is not on this logic grounds that Prior can be attacked.

We might object that the way MFnp 6= Fnp is reached is invalid. The

hinge point there is the observation that from NFnNp we cannot deduce

Fnp, for if it isn’t the case now that n time-units hence Np will be the case,

this present state of affairs is still compatible with a future in which p will be

the case and one in which Np will be the case. This is correct if one holds the

view, as I do, that the future hasn’t got the kind of necessity which pertains

to the past. So, if one wants to defend the openness of the future (i.e. a

framework which makes talk of future contingency meaningful), one has to

uphold MFnp 6= Fnp. Once more, I am with Prior.

Another way to attack Prior is to defend the truth of p = PnFnp. The

only way to do this without falling back onto determinism is to maintain

that there are past truths about future states of affairs, but such truths do

not impinge on the contingency of those future states of affairs. But I would

better let the Ockhamists make this point in the next Chapter, for that is

their speciality. At any rate, even if we were to be convinced by any argument

that p = PnFnp is true, this would make the long deduction above run, and

we would still be left with the contradiction between MFnp 6= Fnp and
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MFnp = Fnp to be explained.

So, all in all, Prior comes out of this pretty well. He shows convincingly

that future contingent propositions cannot be known when they are still fu-

ture and contingent4 by anyone, God included. A by-product of his solution

is that the Law of Bivalence is salvaged (his disambiguation between FnNp

and NFnp dispenses from the introduction of indeterminate truth-values),

but the Law of Excluded Middle (Fnp ∨ FnNp) is applicable in this form

only when its terms aren’t contingent.

4I have often stressed that Prior’s results are about the impossibility of God’s infallible
foreknowledge, not omniscience. In Prior’s view the two overlap, for he has a concep-
tion of God embedded in time, and accordingly, if God’s knowledge consisted merely of
knowledge of events as they happen, God would not be very different from an ordinary
epistemic subject. Thomas Aquinas, for example, in his De Veritate, Question 2, Article
12, Objection 7 would agree with Prior’s conclusions on the assumption of an eternal God
embedded in time [Prior, 1962b]. Aquinas argues like this: if ‘that X will happen’ has
come to God’s knowledge, then, by the necessity of things past, ‘that X will happen’ is
now-necessary. Therefore, by modus tollens, if ‘that X will happen’ is in fact contingent,
God could not have had previous knowledge of it. However Aquinas argues for a God lo-
cated outside time [Davies, 2000], a perspective from which future contingents are known
not ‘as contingent’, i.e. before they happen, but ‘timelessly in themselves’. From this
special perspective future contingents become necessary truths, and as such they can be
objects of knowledge. As much as it would be due, this is not the place to put this model
under pressure.
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Chapter 3

Future contingent propositions

are either true or false

3.1 William of Ockham

William of Ockham is a key player in the omniscience and future contingents

debate. In this Section I will try to give a rendition of Ockham’s origi-

nal thought (which I have mostly learned from William Craig’s monograph

[Craig, 1988]), whilst in the next Section I will present a formalised version

of modern Ockhamism.

Ockham’s two central ideas are (1) that future contingent propositions

possess a definite truth-value at all times (either true or false) and as such

can be known by God, and (2) that the existence of such definite truth-value

does not impinge on the proposition’s contingency. Let us examine these

ideas in turn.

(1) Ockham had a classic correspondence theory of truth: a proposition
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is true when its terms stand to each other as the realities they refer to stand

to each other. For example ‘A is B’ is true iff there exist realities A and B

that satisfy the proposition. Since in Ockham’s system existence in the past

or in the future is not on an ontological par with the present, it might seem

that terms in past (future) tense propositions lack their referents, thereby

rendering their propositions truth-valueless. In my understanding, Ockham

avoids this conclusion with the following strategy: a past (future) tense p is

true now iff a present-tense version of p (say p′) was (will be) true at the time

p refers to. With an example, let p = “The Sun will rise tomorrow”; then p

is true today iff p′ = “The Sun rises” will be true tomorrow. Generalising,

future contingent propositions are already in the present determinately either

true or false because their corresponding states of affairs will either be or not

be actually present1. Ockham’s truth-valuation doctrine essentially requires

a theoretical bird’s eye view of time history: if such and such contingent state

of affairs is found to obtain in the future, then the corresponding future-tense

proposition is true in the present, and can therefore be known by God.

(2) Now we can naturally ask, given a future contingent state of affairs

S and its corresponding proposition p, how can the alleged contingency of S

be preserved, despite p’s truth existing ahead of S’s material actualisation?

Ockham’s ingenious solution is to imagine the future as holding a set of

metaphysically possible histories, one of which has the special status of being

1What is being expressed here is a sort of dependence of truth on the way the world is.
That ‘there are no white ravens’ is true because there are no white ravens in the world,
not vice-versa, a truism which was already very clear to Aristotle (Categories 14b, 15-22
[Aristotle, 2001]). More specifically, that a proposition concerning a future contingent
state of affairs is now true depends on whether or not such and such state of affairs will
obtain, rather than the other way around, a point that has been made very clearly by
Trenton Merricks [Merricks, 2009].
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the actual one, i.e. the one which in fact will occur. If S is on the actual

future history, then S will obtain, and its matched p is true in the present.

Simultaneously though, and this is crucial, the fact that S will obtain does

not imply that it must. S will not obtain of necessity, for it belongs to one

of the metaphysically possible future histories, and as such is technically

contingent.

To render this more vivid, consider the following example. Suppose at

time α I utter the following proposition p = “I will buy a pair of shoes at

time β”, where β > α is a time in the future. Let also S be the state of affairs

of ‘my buying a pair of shoes at time β’. Suppose finally that S obtains at

β. At α, and indeed at any time between α and β, p is true because S will

obtain at β, but contingently true because S is still contingent. After β,

once S will have instantiated, S will be necessary and correspondingly p will

be necessarily true2. Note that the fact that between α and β p is true but

possibly false should not suggest that p could switch its truth-value. On the

contrary, p is omnitemporally true, i.e. true at all times, albeit contingently

before β and necessarily after it. Hence, that p is possibly false means that

it could have been omnitemporally false.

Most critiques of Ockham’s metaphysics of the future [Burgess, 1978]

pivot around the alleged special status of the actual future history. The

actual future history, we are told, is at once just as possible as its neighbour

2Although Craig gives a similar example taken from Ockham (p150, [Craig, 1988]),
strictly speaking this cannot be correct: at times after β it cannot be our original p to be
necessarily true, but a version of p with an appropriate past tense, e.g. ‘I bought a pair
of shoes at β’. Alternatively, to avoid an internal change of tense, we could start with a
tense-neutral p, e.g. p = “I buy a pair of shoes at β” and from here use tense operators
to transpose in the past. For instance we could say, for every γ > β, Pmp is necessarily
true, where m = (γ − β)/k, and k is the duration of a m-time-unit expressed in real time.
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histories and yet it enjoys the exclusive privilege of actualising. It is not

easy to imagine how this could be. At times this picture seems to me to

easily confuse with outright determinism, but it is evidently not intended to

do so. Ockham clearly regards the future as open. So, does Ockham simply

mean that, among the many possible future histories, one history just has to

be the actual one, but any other could have played the same role? I don’t

think he would, for this statement would not amount to anything more than

simply expressing the truism that something or other will eventually happen

in the future. This way we would end up retrospectively labeling as ‘actual’

what turns out to have been the case. I don’t think Ockham would mean

‘actual’ in this weak sense. I think that the reality Ockham calls ‘actual’

enjoys this status even before it actualises. At the same time though, it is

now-preventable whether or not the actual reality actualises. Ockham’s po-

sition is elusive because it ebbs in a grey area between outright determinism

and outright openness, and it is difficult to pin down. But it is precisely

because Ockham places his solution in this grey area that it is possible for

him to hold at once that future contingent propositions are determinately

true or false, whilst preserving their contingency.

3.2 Ockhamism formalised

In this Section I will make a formal statement of Ockhamism. Ockhamist

‘actualism’, alongside Peircian ‘presentism’, has been identified by Prior as

one of the two classic answers to the problem of omniscience and future

contingents [Prior, 1967]. Here I will use Thomason’s [Thomason, 1970] and
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Burgess’s [Burgess, 1978] formalism, as usual slightly modified by me for

notational consistency.

The Ockhamist model is defined inductively by the following set:

V h
α (p) = {T, F} (3.1)

V h
α (Np) = NV h

α (p), (3.2)

V h
α (p ⊃ q) = T iff V h

α (p) = F ∨ V h
α (q) = T, (3.3)

V h
α (Pp) = T iff ∃β ∈ h & β < α & V h

β (p) = T, (3.4)

V h
α (Fp) = T iff ∃β ∈ h & β > α & V h

β (p) = T, (3.5)

V h
α (Lp) = T iff ∀g/α V g

α (p) = T. (3.6)

The alternatives {T, F} in the first definition indicate that this model is

supplied with the Law of Bivalence. The Ockamist model differs from the

Peircian model (2.1) – (2.5) in the following respects: (a) in the Ockhamist

model truth-valuation is relative to a point in time and to a history, as indi-

cated by the appearance of the superscript ‘h’. The additional relativisation

to history formalises the idea we have explored above, namely that a propo-

sition is true if its corresponding state of affairs belongs to the actual history,

and as such it obtains. (b) The valuation of Fp, in (3.5) requires as necessary

and sufficient condition that p be true on the actual history at some point

in the future, unlike the Peircian (2.5) which requires truth over all possible

histories. This difference makes it possible for the Ockhamist to distinguish

between future contingent truths and future necessary truths. Consequently,
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(c) the system admits of a definition of necessity, (3.6), which was instead

redundant in the Peircian model.

Let us now use definitions (3.1) – (3.6) to derive some properties3. For

example let us show that the following conditional is not valid: FLp ⊃ LFp.

For the proof, using reductio ad absurdum let us suppose that the conditional

is valid and seek to reach a contradiction. Using (3.3) we get

V h
α (FLp ⊃ LFp) = T iff V h

α (FLp) = F ∨ V h
α (LFp) = T. (3.7)

Let’s examine the first disjunct first. Again, using reductio ad absurdum with

(3.5) and (3.6) we get, with a little shortcut in notation:

V h
α (FLp) = T iff V h

β (Lp) = T iff ∀g/β V g
β (p) = T.

The last validation is true because once we are transposed in the future and

sit at β on the future branch of h, any possible g through β coincides with

h. Working the ‘iff’s’ backwards we get V h
α (FLp) = T , which contradicts the

first disjunct in (3.7). Let us proceed now with the second disjunct. Applying

(3.6) and (3.5) we get

V h
α (LFp) = T iff ∀g/α V g

α (Fp) = T iff V g
β (p) = T,

but here the last condition is not satisfied for there are future histories in

which p is false. Working the ‘iff’s’ backwards we get V h
α (LFp) = F which

contradicts the second disjunct, therefore (3.7) is not satisfied, QDE.

3You can still refer to Figure 1.1 for a useful diagram.

25



In a very similar manner one can prove PLp ⊃ LPp as well as the fact

that the Laws of Excluded Middle and Non-Contradiction hold, but I will

omit these proofs for the sake of brevity.
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Chapter 4

Future contingent propositions

are neither true nor false

4.1 Three-valued logic

Perhaps the first suggestion that future contingent propositions are neither

true nor false is due to Aristotle, in his famous ‘Sea Battle’ problem (De

Interpretatione, Ch 9, [Aristotle, 2001]). Aristotle argued that neither ‘there

will be a sea battle tomorrow’, nor ‘there will not be a sea battle tomorrow’

can be said to be true today. This is so because, if the first were true (and

hence the second false), then it would now be the case that ‘there will be a

sea battle tomorrow’. Since ‘whatever is, when it is, is necessarily’ we would

then reach the fatalist conclusion that tomorrow’s sea battle will occur by

necessity. However, ex hypothesis, tomorrow’s sea battle is a contingent state

of affairs, therefore Aristotle is lead to conclude that a future contingent

proposition cannot be determinately true or determinately false.
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Simultaneously though, Aristotle also believed that the conjunction (‘there

will be a sea battle tomorrow’ & ‘there will not be a sea battle tomorrow’) is

a contradiction, and as such is false. Aristotle seems to reach this conclusion

so to speak, by stipulation, for ‘&’ does not behave truth-functionally when

neither of the conjuncts is sharply true or sharply false. Aristotle perhaps is

thinking in terms of two-valued logic when he thinks of the contradiction, and

in three-valued logic when he thinks of each term of the conjunction (where

the third truth-value is something in between true and false) [Prior, 1962a].

But Aristotle did not have a formal apparatus to handle three-valued logic.

ÃLukasiewicz [ÃLukasiewicz, 1970] proposed a logic system based on three

truth-values: T, F and i, where i – which stands for indeterminate – is to be

assigned to future contingent propositions.

For our purposes, an important respect in which two- and three-valued

logic differ is the relation between truth-functional entailment and material

conditional. A set of propositions Γ truth-functionally entails (in symbols,

²) a proposition p iff it is not possible for each member of Γ to be true and p

false [Bergmann et al., 2004]. Thus: A, B ² C means that there is no truth-

value assignment on which A and B are true and C is false. Therefore we can

easily derive A, B ² C iff A ² (B ⊃ C) in two-valued logic. In three-valued

logic though, this is not valid and is replaced by the following: A, B ² C iff

A ² (B ⊃ (B ⊃ C)). With the aid of Table 4.1 we can confirm that B ⊃ C

and B ⊃ (B ⊃ C) are not truth-functionally equivalent in three-valued logic.

The culprit is the pair (B = i, C = F) which returns value i for B ⊃ C and

value T for B ⊃ (B ⊃ C).

It is not a coincidence that it is precisely this combination to generate
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A ⊃ B T i F
T T i F
i T T i
F T T T

Table 4.1: Truth table for material conditional in three-valued logic as pro-
posed by ÃLukasiewicz [ÃLukasiewicz, 1970].

difficulties in the omniscience versus future contingency problem. Take for

instance B = ‘X will occur tomorrow’ and C = ‘God knows that X will occur

tomorrow’ and consider the implication C ⊃ B (p241, [Prior, 1962a]). We

have three combinations of truth-values to examine. (i) If X necessarily will

happen, then B is true and C is consequently true, because by definition

God knows all and only true propositions (the ‘only’ part follows simply

from ordinary theory of knowledge, the ‘all’ part follows from omniscience) –

hence C ⊃ B is true. (ii) If, on the other hand, X necessarily will not happen,

then B is false and C is consequently false too, therefore C ⊃ B is again true.

(iii) The last option is that X is genuinely contingent and future, in which

case B is indeterminate and C is false (since B is not true, God cannot have

knowledge of it, for nihil potest sciri nisi verum). Since the antecedent of

the material conditional is false, it is not hard to accept the result that C ⊃
B is true, as indicated in Table 4.1. Thus, C ⊃ B is true on all three cases.

Let us now turn to B ⊃ C (p242, [Prior, 1962a]). If we run through the

previous three cases again we find that (i) and (ii) are unaltered, resulting in

B ⊃ C being true. But for (iii) we get B ⊃ C = i. This brakes the symmetry

with C ⊃ B and prevents the conclusion ‘B iff C’, which perhaps would have

been expected if thinking in two values. In my understanding it is this result
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which troubled many medieval Schoolmen who did not consider assigning

explicitly a truth-value i to “X will occur tomorrow”, but who nonetheless

appreciated that B ⊃ C is at least ‘not-T’ (p242, [Prior, 1962a]).

It is interesting to assess the theological/epistemological import of the fact

that, instead, B ⊃ (B ⊃ C) is true on three valued-logic1. This reads ‘If X will

happen tomorrow, then if X will happen tomorrow, then God knows that X

will happen tomorrow’. I propose that this might be a plausible formalization

of God’s knowledge of future contingents. If X will happen, which may or

may not do, then, if it does indeed happen, then God knows that it will

happen. The effect of positing ‘X will happen’ in the first conditional is, so

to speak, to dampen the burden of having a contingent state of affairs as

object of God’s infallible knowledge.

In the single conditional form ‘If X will happen, then God knows that

X will happen’ we have, in full force, the usual tension between contingency

and knowledge. In the double conditional form instead – ‘If X will happen,

then if X will happen, then God knows that X will happen’ – X in the first

antecedent preserves pristine contingency, whilst in the second antecedent, it

is as if positing X fixes it beyond contingency, only because we have already

posited it once, and infallible knowledge of it would no longer seem to be

contentious.

On a different note, as Prior interestingly shows (p245, [Prior, 1962a],

the statement ‘God is omniscient’ is itself an indeterminate proposition if we

operate with the single conditional form. To illustrate, let Gp mean ‘God

1In developing these ideas I benefited from a personal communication with Dr Nils
Kurbis.
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A & B T i F
T T i F
i i i F
F F F F

Table 4.2: Truth table for conjunction in three-valued logic as proposed by
ÃLukasiewicz [ÃLukasiewicz, 1970].

knows that p’. To express omniscience we write ∀p, p ⊃ Gp. To compute

explicitly, we need to say that if each of the three truth-values is given, then

God knows it. In addition, God’s knowledge in the three cases must be

true simultaneously, therefore we need to link the statements in conjunction.

Finally we get

(T ⊃ GT )&(i ⊃ Gi)&(F ⊃ GF ). (4.1)

From theological assumptions and from the theory of knowledge we have:

GT = T , Gi = F and GF = F . By substituting these in (4.1) and using the

truth-table for conjunction in Table 4.2 we get

(T ⊃ T )&(i ⊃ F )&(F ⊃ F ) = T & i & T = i, (4.2)

which means that ‘God is omniscient’ is itself an indeterminate proposition!

What I propose now is to apply the form p ⊃ (p ⊃ Gp) to a full statement

of omniscience. Following what we have done above we get:

T ⊃ (T ⊃ GT ) & i ⊃ (i ⊃ Gi) & F ⊃ (F ⊃ GF ) = T (4.3)

where I have omitted the steps of the computation for brevity. Hence we find

the interesting result that p ⊃ (p ⊃ Gp) i.e. ‘If p, then if p, then God knows
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that p’ is a good formalisation of omniscience, which matches my previous

formalisation of knowledge of future contingents.

In this Section we have formalised the intuition (shared by Aristotle) that

future contingent propositions are neither true nor false. We have done so by

assigning to them an indeterminate truth-value, and building a three-valued

logic as developed by ÃLukasiewicz. Whilst this has lead to an interesting

formalisation of omniscience of future contingents, it may also yield other

more controversial consequences. ÃLukasiewicz for instance opted for treat-

ing operators & and ∨ truth-functionally. In cases of future contingents,

both Fp and FNp are of course indeterminate, therefore Non-Contradiction

N(Fp & FNp) and Excluded Middle (Fp ∨ FNp) are both indeterminate2.

As I have said already at the beginning of the Section, Aristotle thought

these Laws always held. I cannot imagine Aristotle thought they held in the

form NF (p & Np) and F (p ∨ Np) which would be true on a individual

history only, and therefore a misrepresentation of the problem. Alternatively

Aristotle might have thought that conjunction and disjunction do not behave

truth-functionally when future contingents are involved.

4.2 Thomason’s supervaluational semantics

Thomason’s supervaluational semantics [Thomason, 1970] is a formalisation

of the intuition that future contingent propositions are neither true nor false,

but without resorting to three-valued logic. The definitional set for this

model has much in common with the Ockamist set (3.1) – (3.6), except that

2I have omitted a truth-table for disjunction, for one see for example (p243
[Prior, 1962a]).
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it does not admit of the Law of Bivalence and the valuation of the future has

the following form:

Vα(Fp) = T iff ∀h through α ∃β ∈ h, β < α & V h
β (p) = T (4.4)

Vα(Fp) = F iff ∀h through α @β ∈ h, β < α & V h
β (p) = T (4.5)

Vα(Fp) undefined otherwise (4.6)

where the h superscript is dropped from the primary valuation and the ad-

ditional clause (4.6) makes it clear that this is not three-value logic: if Fp

is neither true nor false, then no third truth-value is assigned, rather, the

valuation is left undefined. With an example, let Fp = “It will rain tomor-

row”. If p is genuinely contingent, then this model says that it is neither true

nor false today that it will rain tomorrow. Fp is true now iff on all possible

future histories it will be the case that that “It rains” is true, and similarly,

Fp is false now iff on all possible histories it will be the case that “It rains”

is false. It might be appreciated already that this model defaults to saying

that something is true iff it is necessarily true. But we’ll come to that.

Thomason’s definition for the ‘necessity operator’, L, is:

V h
α (Lp) = T iff ∀g/α V g

α (p) = T (4.7)

V h
α (Lp) = F otherwise (4.8)
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and for the material conditional is:

V h
α (p ⊃ q) = T iff V h

α (p) = F ∨ V h
α (q) = T, (4.9)

V h
α (p ⊃ q) = F otherwise (4.10)

So far so good, but now comes a difficult point. Thomason announces (p275)

that from (4.4)–(4.10) we can derive the following results:

p ² Lp, (4.11)

Fp ² LFp, (4.12)

PFp 2 PLFp, (4.13)

² p ⊃ Lp, (4.14)

2 Fp ⊃ LFp, (4.15)

2 PFp ⊃ PLFp. (4.16)

We can see that the first three are matched to the second three, and here we

are told that the difference between ² and ⊃ is crucial. I can derive (4.11)

from (4.7), because, if Lp is true iff p is true on all possible future histories,

then it is not possible for p to be false and Lp true, hence we get (4.11).

(4.12) is derivable with the same reasoning and the substitution p/Fp.

(4.13) is an important one, because it states that it is possible for PFp

to be true and PLFp false. With an example, suppose that today it rains,

so it is true that it was the case yesterday that the day after it would rain;
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but on the other hand it is not true that it was the case yesterday that it

would be necessary that the day after it would rain. The proof of this is

sketched by Thomason (p278), and I would complete it like this: let α be

the present time, β a future time on history h where p = “It rains” is true,

and γ a future time on history g where p is false. We can write straight

away that V h
β (PFp) = T , but since V h

α (Fp) = T and V g
α (Fp) = F we get

V h
α (LFp) = F because of (4.7) and (4.8). Hence V h

β (PLFp) = F . Since

there is only one history through β, namely h, then we can write simply,

removing the superscripts, Vβ(PFp) = T and Vβ(PLFp) = F , from which

(4.13) follows.

Moving on, we can prove (4.14) by recalling that when ² follows the empty

set, it causes what follows it to be truth-functionally true [Bergmann et al., 2004].

From (4.9)–(4.10) we learn that p ⊃ Lp would be truth-functionally true just

in case the combination p = T, Lp = F did not occur. But from the defini-

tions of necessity in (4.7)–(4.8) we can confirm that this combination cannot

occur, and this ends the proof.

To prove (4.15) instead, we need to show that Fp ⊃ LFp is not truth-

functionally true. Suppose we have two future histories, h and g and that

V h
α (Fp) = T and V g

α (Fp) = F , using (4.9)–(4.10) we get:

V h
α (Fp ⊃ LFp) = T iff V h

α (Fp) = F ∨ V h
α (LFp) = T.

The first conjunct is immediately false ex hypothesis and the second is also

false because of the fact that V g
α (Fp) = F , which we posited ex hypothesis,

does not satisfy (4.7). Therefore we get V h
α (Fp ⊃ LFp) = F , and if this is

35



the case on one particular history, then we can safely conclude that in general

Vα(Fp ⊃ LFp) = F .

Finally, that (4.16) is true is a direct consequence that (4.13) is true.

Now, what about the metaphysical implications of all this? Thomason

asks to reflect on the difference between Fp ² LFp, and Fp ⊃ LFp. He seems

to say (p276) that with Fp ² LFp we make a commitment to the truth of Fp

now, from which it follows that Fp is necessary. This apparently amounts to

positing a possible future history h on which p is true and then immediately

saying that this is the only alternative left open. I don’t myself see with

clarity how this could be. But at least I would accept we cannot regard h as

the actual future history among many possible ones, á la Ockham, for this

would not justify LFp. Rather, by deducing LFp we seem to collapse the

future to a single history line. But if we were really committed to this view

we would be hard put to say in which way this differs from determinism.

On the other hand, with Fp ⊃ LFp Thomason claims we are “merely

supposing” that Fp is true, i.e. we are positing a genuine possible history h

on which at some point p will be true. So far, the difference with the previous

case is elusive. But Thomason sums it up like this (p276): with Fp ⊃ LFp

we suppose that p will be true, with Fp ² LFp we suppose that it is now

true that p will be true. This way put, we can perhaps “hear” the stronger

commitment in Fp ² LFp, but one may still want to ask why on this tiny

string should hang the whole problem of future contingents. In my view the

message is that whatever is now true is also now-unavoidable, but this does

not entail that whatever will be, will necessarily be.

The difference between the two forms might be reminiscent of the dif-

36



ference which I established in the previous Section between B ⊃ C and

B ⊃ (B ⊃ C) and which I have used to formalise omniscience of future con-

tingents. It is therefore tempting to test whether ² Fp ⊃ (Fp ⊃ LFp) holds,

based on formal symmetry. For the proof, suppose we have two future histo-

ries, h and g and that V h
α (Fp) = T and V g

α (Fp) = F , the double implication

is true if the following condition is satisfied:

V h
α (Fp ⊃ (Fp ⊃ LFp)) = T iff V h

α (Fp) = F ∨ V h
α (Fp ⊃ LFp) = T.

We know, ex hypothesis, that V h
α (Fp) = T and this invalidates the first

conjunct. But that the second conjunct is false we have already shown in

our proof of (4.15). Therefore we conclude that it isn’t the case that ² Fp ⊃
(Fp ⊃ LFp). Thus the double conditional form B ⊃ (B ⊃ C) does not

succeed in supervaluational semantics as it did in three-valued logic. This

however should not be surprising, for the success in three-valued logic hinged

precisely on the existence of i and on the special properties of the material

conditional which for the combination i ⊃ (i ⊃ F ) yields truth.
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Chapter 5

Conclusion

In this dissertation I have examined whether it is tenable that an omniscient

being knows future contingent propositions, when they are still future and

genuinely contingent. To guide me I have used a Lead Argument which

states that, since only true propositions can be object of knowledge and no

proposition about matters which are still preventable can be said to be true,

then no knowledge of contingent future realities is possible, even theoretically.

From the start I have accepted the orthodox account that knowledge is

exclusively knowledge of truths, therefore all my efforts have been directed to

establish what truth-value assignment pertains to future contingent proposi-

tions.

The most radical doctrine in support of the Lead Argument is the view

that future contingent propositions are flatly false. This position is supported

by Peircian presentism, the view that in the present the only possible truths

about the future are necessary truths. Whilst this doctrine is simple and

perfectly coherent, it does have unpleasant consequences, such as the loss of
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the distinction between ‘will happen’ and ‘must happen’ and the invalidity

of the Law of Excluded Middle.

Within the same rubric I considered Prior’s argument to establish that

the are no truths of the form ‘it will be the case that p’ and ‘it will be the

case that not-p’ to be known, and as such omniscience, at least understood

as foreknowledge, is impossible. Within the framework of an open future the

only statement Prior accepts is ‘it is now not the case that it will be the

case that p’, which presently makes no commitment to the actualisation of

p or not-p. This formulation is a good representation of future contingency

which avoids the complication of introducing an indeterminate truth-value

assignment, and as such allows to keep logic classic.

When we make a guess today about tomorrow and tomorrow our guess

turns out to be correct, there is a sense in which we would like say that the

proposition we uttered in guessing was true. Ockamism gives support to this

intuition by claiming that propositions are truth-valued at all times, and can

be true just in case the states of affairs they represent in fact obtain. These

true propositions can therefore successfully be object of foreknowledge. The

challenge for this position is to show how a truth about the future that already

exists in the present does not impinge on contingency. The Ockhamist model

tries to meet this challenge by showing that among many possible future

histories there lies the actual one, equally genuinely possible, but containing

the states of affairs which in fact will instantiate. I have tried to argue

that the special status of the actual history ebbs between determinism and

openness, and is a difficult metaphysical position to defend.

Finally, perhaps the most intuitive of positions is to hold that, in the
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present, future contingent propositions are neither true nor false. Whilst

this superficially seems fine, it is difficult to formalise satisfactorily. One op-

tion is to develop a three-valued logic. The drawback of this choice is the loss

of the classic Laws of Bivalence, Excluded Middle and Non-Contradiction,

if one decides to treat conjunction and disjunction truth-functionally. How-

ever, what I think I have succeeded to prove within this framework is that –

whilst the single implication ‘If X will happen, then God knows that X will

happen’ is undetermined when ‘X will happen’ is undetermined – the double

conditional version ‘If X will happen, then if X will happen, then God knows

that X will happen’ is true under the same conditions. As far as I know this

might be a new result, for what it is worth. Informally speaking, the essence

of the double conditional is to decrease the tension between contingency and

knowledge. Positing with the first antecedent that X will happen leaves X’s

contingency unaltered – X might still not happen; with the second antecedent

we are instead picking out the case in which X does indeed happen, and once

this is fixed there can be knowledge of it.

The last model I have considered is supervaluational semantics, whose

merit is to be able to express the notion that future contingents are neither

true nor false without the loss of Excluded Middle and Non-Contradiction,

which instead occurs when making use of an explicit third truth-value.

My Lead Argument against God’s knowledge of future contingents is

stopped effectively only by a convincing case that there exist true future

contingent propositions ahead of the instantiation of their respective states

of affairs. The only doctrine I have considered which could establish this

is Ockhamism, which, from my analysis comes out the weakest. I am more
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persuaded by Prior’s argument that the lack of past or present truths about

future contingents provide God with nothing to be known. However, a three-

valued logic reformulation of the form ‘If X will happen, then if X will happen,

then God knows that X will happen’, where X is a contingent event, provides

a respect in which omniscience of future contingents can be formalised.
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