Logical Determinism and The Principle of Bivalence

In the volume of Library of Living Philosophers dedicated to the philosophy of Georg Henrik von Wright
, there is as usual in these volumes edited by P. A. Schilp (et al) an autobiography of the philosopher in question. To it Georg Henrik has added a postscript dated 1980. Here he says that after having finished his autobiography several years earlier, he has written two papers that "started two new lines along which my thoughts have been moving ever since".  One of them he labels "Time, Truth, and Necessity". The three concepts time, truth, and necessity were certainly prominent already in earlier works by von Wright, and several contributors to the Schilp volume commented upon his writings on them.
 However, the very constellation "Time, Truth and Necessity" was now approached in a new way in von Wright's work that could not reasonably be dealt with in the Schilp volume, planned already at the beginning of the 1970's. It may therefore be appropriate that I pay attention to that theme in my paper at this symposium in memory of Georg Henrik von Wright. 


"Time Truth, and Necessity" also occurs as the title of a paper by von Wright.
 It is one his first works on this new theme, and is concerned with problems dealt with by Aristotle in chapter 9 of De Interpretatione, connected with what is often referred to as the Sea Battle Argument. The great attention that has been devoted to this text, von Wright says, "is due, no doubt, partly to the intrinsic interest of the problems and partly to difficulties in understanding the text". I shall here limit myself to some problems around determinism, necessity, and the principle of bivalence (the principle saying that every sentence is true or false) that appear in this text by Aristotle and are dealt with by von Wright in his paper. Like von Wright, I am intrigued by what Aristotle says
 and by the problems themselves. My own interest in these problems has several origins. Problems around determinism and causality constitute an old interest of mine, and I wrote about causality in the Schilp volume dedicated to von Wright's philosophy. Questions about the validity of the principle of bivalence have engaged me in connection with intuitionism and the metaphysical discussions on realism versus anti-realism in the form that originated with Michel Dummett.  My orientation is here quite different from Georg Henrik's. However, it turns out that our evaluations of the problems raised by Aristotle's Sea Battle Argument, although different at many points, nevertheless converge in some respects.

I. The Sea Battle Argument

In the greater part of chapter 9 of De Interpretatione, Aristotle presents an argument for determinism which concludes that everything is predetermined, or as Aristotle puts it: "everything is or happens of necessity"
. The premiss of the argument is the principle of bivalence, saying that every affirmation is true or false, which is applied to statements about the future. The argument first derives the conclusion that for every affirmation, either it is necessarily true or its negation is necessarily true.  The part of the argument that ends here, I shall call the determinist argument. It is taken to mean or imply that everything is predetermined, which is elaborated by Aristotle by saying: "It follows that nothing either is or is happening, or will be or will not be, by chance or as chance has it, but everything by necessity".


Aristotle even connects this predetermination with fatalism: "there would be no need to deliberate or to take trouble (thinking that if we do this, this will happen, but if we do not, it will not)". It is much because of this connection that the determinist argument was so much debated in antiquity, some parties accepting it while others were rejecting it. There is a more direct argument for fatalism that has attracted many people of a logical bent, not only philosophers. It starts, almost as in the determinist argument, with the innocent remark that for any event it is true that it either will happen or not happen. The fatalist then considers the two alternatives separately, in other words applying what logicians call a dilemma, and reasons as follows: Assume that it is true that the event will occur. Then I cannot prevent it from happening, because if I succeeded in doing that, it would not be true that the event will occur tomorrow, contrary to the assumption made. Assume instead that it is true that the event will not occur tomorrow. Then, similarly, I cannot make it happen, because if I succeeded in doing that, it would not be true that the event will not occur tomorrow, contrary to the assumption now made. Thus in either case, I cannot change the course of events. 


In Aristotle's text the connection with fatalism is only made in a passing remark. The focus is on the determinist argument and the absurdity of the determinism that it is taken to imply. In the Modern Era, determinism is usually discussed in terms of the notion of causality.  Here we are presented with what seems to be a truly logical argument for a kind of determinism, commonly called logical determinism. Instead of saying that everything has a cause and is therefore predetermined, it is argued that if something is the case, then it must be so. The principle that is essentially used in the determinist argument can be formulated as saying that if something is true, it is necessarily true.


The nature of the necessity here invoked is not discussed by Aristotle, and we shall soon return to the question how it is to be understood. Let it now just be said that to be necessary may here be understood as being 'fixed and settled', as von Wright suggests, or 'ineluctably settled', as Ackrill puts it. The idea of such a kind of necessity seems to go well with Aristotle's correspondence theory of truth: A sentence is true only if there is a corresponding fact, and given such a fact, the sentence cannot be anything but true; it must be true. The kind of necessity figuring in the principle that truth implies necessity, I shall call factual necessity.


Applying this principle, the surface structure of the determinist argument may be exhibited as a dilemma like the one used in the fatalist's reasoning above, or we may simply summarize the argument as follows, where A stands for any sentence:

(1) A is true or A is false.
(Assumption)

(2) If is A is true, then A is necessarily true.
(Truth implies necessity)

(3) If A is false, then not-A is true.

(4) If not-A is true, then not-A is necessarily true.
(Truth implies necessity)

(5) A is necessarily true or not-A is necessarily true.
(From (1), (2), and (4))


In view of (3) and the converse, which Aristotle also affirms, the principle of bivalence and the law of excluded third, saying that for every sentence A, either A is true or not-A is true, can be obtained from each other. Both the principle of bivalence and the law of excluded middle are taken in the determinist argument to hold necessarily, and they can be used interchangeably. The main move in the argument may therefore be described as resulting in a distribution of necessity over disjunction, that is, as going from 

(1') it is necessary that either A is true or not-A is true

to (5), or to what is simply another wording of (5):

(5') either it is necessary that A is true or it is necessary that not-A is true.


It would be an oversimplification to say that the argument discussed by Aristotle is simply the one from (1) to (5). The argument is much more involved and serves among other things to establish that truth implies necessity as stated in (2) and (4). But there is a fair degree of consensus that (1) is the premiss, (5) is the outcome, and (2), (3), and (4) are ingredients in the argument, and since (1)-(5) are sufficient for a valid argument (given that the premiss holds), we may confine ourselves to these elements.  Having reached the conclusion (5), and after having connected it with determinism and fatalism, Aristotle rejects the conclusion of the determinist argument.  He argues that "what will be has an origin both in deliberations and in action" and that "not everything is or happens of necessity: some things happen as chance has it". 


Then Aristotle gives his diagnosis of what has gone wrong in the above argument. The key passages are as follows:

(a)  What is, necessarily is, when it is; and what is not, necessarily is not, when it is not. But not everything that is, necessarily is; and not everything that is not, necessarily is not. For to say that everything that is, is of necessity, when it is, is not the same as saying unconditionally that it is of necessity. 

and

(b)  everything necessarily is or is not; but one cannot divide and say that one or the other is necessary. I mean for example: it is necessary for there to be or not to be a sea battle tomorrow; but it is not necessary for a sea battle to take place tomorrow, nor for one not to take place tomorrow - though it is necessary for one to take place or not to take place. ... the same necessarily holds for contradictories also. --- With these it is necessary for one or the other to be true or false - not, however, this one or that one. 

Many commentators agree concerning what has been said so far about Aristotle's argument, but the opinions diverge when it comes to saying what precisely Aristotle takes to be the error of the determinist argument and how his final conclusion is to be understood.  

II. Some interpretations of the Sea Battle Argument
There have been numerous commentators to Aristotle's De Interpretatione, in antiquity as well as in modern times. It is common to speak of two radically different lines of interpreting the ninth chapter. I shall refer to them as the realist and anti-realist interpretations, respectively.
 The anti-realist interpretation takes Aristotle's conclusion to be that the law of bivalence does not hold for sentences about the future. According to this interpretation, nowadays often referred to as the traditional interpretation
, Aristotle does not deem it to be anything wrong with the determinist argument except for the assumption that it starts from, namely the principle of bivalence. In support of this interpretation, one can point to the fact that at the beginning of the chapter Aristotle makes a distinction between sentences that speak of "what is and what has been" and "with particulars that are going to be": for the first kind of sentences "it is necessary for the affirmation or the negation to be true or false" but for second "it is different". In last sentences of the chapter, Aristotle seems to come back to the idea that sentences about the future constitute an exception from what otherwise holds, saying: "it is not necessary that of every affirmation and opposite negation one should be true and the other false. For what holds for things that are does not hold for things that are not but may possibly be or not be; with these it is as we have said". 


Aristotle's wordings in the very beginning and the very end of the chapter certainly seem to indicate that he takes the principle of bivalence (or a slightly more wordy principle that comes to the same) to fail for sentences about the future. "With these it as we have said", he says as conclusion of the chapter. But what is it that has been said? According to the anti-realistic interpretation the answer is that sentences referring to a point of time in the future normally lack truth-values as long as the point of time belongs to the future but gets a truth-value when it becomes actual. To support this claim one has to make the quoted passages (a) and (b) to fit with it. The problem is that they do not explicitly say anything that backs up this claim. On the contrary, it seems that in passage (b), Aristotle states that the law of excluded third holds for everything, including there being a sea-battle tomorrow.


According to the other main line of interpretations, the realist one, Aristotle never gives up the principle of bivalence or the law of excluded third for sentences about the future. Instead he rejects the reasoning in the determinist argument, specifically the steps 2 and 4 in the argument as formulated above, that is, the principle that if something is true then it is necessarily true. This principle holds for sentences about the past and the present but not for all sentences about the future.
 More precisely, a true sentence like "a sea battle takes place" is necessarily true at the time at which the event takes place – "what is, necessarily is, when it is" – but that does not mean that all true sentences are necessarily true; for instance, "a sea battle takes place tomorrow" may be true, but it does not need to be necessarily true already today – "not everything that is, necessarily is". 


Some sentences about the future may however be necessarily true already today. For instance, it is already now necessarily true that a sea-battle will occur or will not occur tomorrow, and similarly all instances of the principle of bivalence holds of necessity even when being about the future. 


Having rejected the universal validity of the principle that truth implies necessity, the determinist argument is blocked of course. Although "everything necessarily is or is not, and will be or will not be", there are some things that "happen as chance has it", and as far as they are concerned "one cannot divide and say that one or the other is necessary", that is, one cannot say that it is necessary that the thing will happen or that it is necessary that the thing will not happen. The passages (a) and (b) seem to fit with this interpretation, which is however difficult to reconcile with what Aristotle says at the beginning and end of the chapter. 

 
Some interpretations that have been suggested do not fall in any of these two groups. This is the case with one proposed by Jaakko Hintikka
, which I shall say something about because of its own interest and because it has influenced von Wright in various ways. Hintikka claims that Aristotle's main problem is not whether application of the law of the excluded third to future events gives rise to an argument for determinism but is caused by Aristotle's view of necessity, which compels him to consider a sentence as necessarily true, if it has always been true. Since a sentence that predicts the occurrence of a future event at a specific time has always been true, if it is true at all, this has the embarrassing consequence that all such sentences become necessarily true, even when they predict events that more reasonably are taken as contingent. There is textual evidence for saying that Aristotle reasons this way in a part of the determinist argument that is to establish the principle that truth implies necessary truth.


Hintikka observes that Aristotelian examples of sentences describing events are almost always token-reflexive, and hence their truth-values vary with the time and situation in which they are uttered, typical examples being sentences like "Socrates is sitting (now)". If we fix the time reference of such a sentence to a specific chronological time, then we get a sentence "Socrates is sitting at time t0", which, if true, has always been true and is therefore necessarily true. For such sentences, the principle that truth implies necessary truth hold, according to Aristotelian views, and although this gives rise to the embarrassing derivation (1)-(5) above, Aristotle does not give up the principle of bivalence, Hintikka claims. 


Aristotle's "solution" is instead, according to Hintikka, to disregard such sentences whose time reference is fixed to a specific chronological time and concentrate on the token-reflexive ones like "Socrates is sitting". The latter kind of sentences may be true without having been always true, and they can therefore be used to state a non-deterministic thesis. What Aristotle observes in passage (a) is interpreted by Hintikka to be that for sentences of the latter kind truth does not imply necessary truth, although such an implication holds for sentences like "Socrates is sitting at time t0". By sticking to token-reflexive sentences, Aristotle is thus able to express that "some things happen as chance has it". This move does not block the deterministic argument for all sentences, but it does so for sentences of the kind preferred by Aristotle. However, "Aristotle's main problem was not a metaphysician's vague worry about whether present truth about the future prejudges future events", Hintikka says, "it was the difficulty of a systematist who has defined his notions for too narrow range of cases and was then forced to accommodate awkward new cases in his framework". 


Hintikka repudiates the traditional anti-realistic interpretation and argues that Aristotle accepts the law of excluded third and the principle of bivalence for both kinds of sentences – for instance, Socrates is sitting or not sitting, and he is sitting or not sitting at any specific time in the future, too. Not only does Aristotle state this explicitly in (b), but when he seemingly denies it at the beginning and the end of the chapter, what he is really denying is a principle saying that any one of the contraries is necessarily true. 


Hintikka's interpretation differs also from the realist ones as described above, since he does not propose that Aristotle rejects the principle that truth implies necessity for sentences about a specific time in the future. As we saw, according to Hintikka, the sentences for which Aristotle rejects the principle that truth implies necessity are of the kind "Socrates is sitting" – even if it is true that Socrates is sitting, it is not necessarily true (because, in the past, it has not always been true that he was sitting).

III. Von Wright on the Sea Battle Argument

Von Wright's paper (see footnote 3) is in many respects a response to the paper by Hintikka. After having referred to that paper, von Wright first takes an opposite stand on what Aristotle's problem was, saying that it seems to him that that problem was exactly the puzzlement aroused by seemingly being able to derive from the law of excluded middle the determinist conclusion that the future is predetermined and unavoidable. However, shortly afterwards, he declares himself to be in definite agreement with Anscombe and Hintikka on another issue, saying "I think that they are absolutely right" as regards their contesting the traditional view that Aristotle's way out from this puzzlement was to deny the principle of bivalence for sentences about the future.


The main part of von Wright's paper is concerned with certain relations between time and the concepts of truth and necessity. As to time and truth, his standpoint is that plain truth is timeless, atemporal, and that the tensed use of truth is spurious and otiose. Saying" it will be true tomorrow that a sea battle occurs" is the same as saying "a sea battle will occur tomorrow", but the first form may be misleading in giving rise to the wrong identification of atemporality with omnitemporality. Von Wright thus dissociates himself from the idea that if for some x (a sea battle, for instance) it is true that x occurs at a specific time t0, then it is now and always true that x occurs (or has occurred, or will occur) at t0. He thus rejects the kind of reasoning that gave rise to Aristotle's problem according to Hintikka, and although he admits that Aristotle was struggling with these thoughts, he thinks that Aristotle never accepted them.


Concerning time and necessity, von Wright suggests that there are at least two kinds of necessity in the ninth chapter of De Interpretatione – one he refers to as the necessary character of truth as facts and the other as necessity simpliciter – and that both are related to time in particular ways. Something is necessary in the first sense when it is 'fixed' or 'settled'. When an event has occurred, it is a fact that it has occurred, which cannot be changed, it is fait accompli, and, in this sense, that the event has occurred is true necessarily. This is obviously the same kind of necessity that I called factual necessity, and I shall continue to refer to it under that name.

 
While plain truth is atemporal, necessity in the factual sense is temporal. A true sentence that speaks about an event occurring at time t becomes necessary at time t, at the latest, and then remains necessary for ever. But it may have become necessarily true already at some time t' before t, if something made it settled already at t' that the event would occur. It is also possible that a sentence has always been necessary. The last is the case for a sentence like "A sea battle will occur at time t or it will not occur at time t".  


The other kind of necessity, necessity simpliciter, is something that can be applied to what von Wright calls open sentences, i.e. sentences that are open with respect to time in the sense that they do not express any proposition before one or several time parameters have been assigned values. Token reflexive sentences like "Socrates is sleeping" but also formulas like "Socrates is sitting at time x" with an explicit parameter x, are examples of such open sentences. An open sentence is necessary simpliciter if it is true for all values of the time parameter.


Von Wright refers to passage (a) as the place where Aristotle makes this distinction between two kinds of necessity. "What is, necessarily is, when it is" is taken to refer to factual necessity, and is taken to say that something is (factually) necessary at the time at which it occurs or is the case. When Aristotle continues, saying " But not everything that is, necessarily is", he is taken to refer to necessity simpliciter, and to imply that there are sentences like "A sea battle occurs" that may be true for some but not for every value of its time parameter, and which therefore may be true without being true necessarily in this second sense. As we see, the reason that von Wright ascribes to Aristotle for rejecting some instances of the principle that truth implies necessity (simpliciter) is the same as the one that Hintikka ascribes to him for making this rejection. But the reasons that they ascribe to him for saying that a truth is necessarily true when it is true, are quite different; here von Wright is following the realist interpretation as described above. 


At the end of his paper, von Wright discusses Aristotle's proposed "solution" in a way that is close to Hintikka's position (although he does not refer in this connection to Hintikka). Hintikka's idea was that Aristotle's crucial step is the distinction between sentences that speak of a future events occurring at specific times and sentences that speak of future events just occurring. Von Wright suspects that Aristotle may have thought that to refute determinism it was sufficient to make a related distinction between the two kinds of necessities that von Wright identifies and to observe that there are things which are not always but only sometimes true and which therefore are not necessary simpliciter. If this was how he thought, he was mistaken, von Wright says, and goes on explaining why this was a mistake by making a distinction between something being contingent and being predetermined. An open sentence A(x) with a time parameter x may be said to be contingent, if neither not-A(x) nor A(x) is necessity simpliciter, that is, if for some time t, A(t) is true, and for some other t, A(t) is false (which is to say that A(x) is true for some values of x and false for some other values). A(t) is a predetermined truth or falsehood if there is some time s before t such that A(t) is true necessarily at s or false necessarily at s, respectively, where necessity is taken as factual necessity. Von Wright then observes that the existence of a contingent A(x) is fully compatible with A(x) being predetermined for any value t of x. Hence, to save contingencies, as one may say that Aristotle did in his way, is not to show that things are not predetermined, and therefore, does not amount to a refutation of determinism, von Wright concludes.

IV.  Further comments

Von Wright's interpretation mixes as we have seen a realist interpretation with elements from Hintikka's interpretation by introducing two kinds of necessities. I shall argue that when the first sentence of passage (a) is understood in terms of factual necessity, it is more reasonable to interpret the second sentence in the same terms, and that therefore there is no need to introduce two kinds of necessities. When modified in this way, von Wright's interpretation with his understanding of factual necessity becomes, in my opinion, a well articulated and possible reconstruction of a rejection of the determinist argument (section IV.1). 


Although I think, unlike von Wright it seems, that available evidence is not just on one side in the debate between the realist and anti-realist interpreters of Aristotle, and that the best interpretation may be two combine the two lines of interpretation, I share von Wright's conviction that to refute the determinist argument, there is no need to think of time as temporal and to give up the principle of bivalence (section IV.2). 


Apart from how Aristotle is best interpreted, there is a need to compare and further articulate the realist and anti-realist pictures of the future and their ontological views of factual necessity and possibility (section IV.3). It is also of interest to investigate an epistemic notion of necessity with respect to the future and the past – doing that I sketch epistemic and objective notions of truth and necessity that behave like the realist's notions of truth and factual necessity with respect to observable events (section IV.4).  

IV.1 Staying with factual necessity

As has already been noted, when von Wright speaks of the necessary character of truth as facts, he is elaborating the realist interpretation I described briefly in section II. It seems very reasonable to understand Aristotle's phrase "what is, necessarily is, when it is" as referring to the time at which something is necessary, so that one could rephrase him as saying "what is, is necessary at the time at which it is", and therefore to reconstrue this kind of necessity as a temporal notion. Formulating this idea for sentences in a more perspicuous way, we may let At stand for a sentence that says of something that it occurs or is the case at time t. The valid principle of truth implying necessity can then be formulated by saying that the following implication holds:

(I1)                                if At is true, then it is necessary at t that At is true.


In comparison, Hintikka interprets Aristotle's phrase "what is, necessarily is, when it is" as saying

(IH1)                                if At is true, then it is necessary that At is true, 

or as he puts it, letting A be a sentence open with respect to time, like "a sea battle occurs",

(IH1')                if A at time t is true, then it is necessary that A at time t is true.

In other words, in Hintikka's interpretation it is not the necessity of an atemporal truth that is tensed but it is a generic state or event that is made specific with respect to time and is then necessitated ​– the necessity is not tensed independently. One may say that Hintikka's position is that one could rephrase Aristotle as saying something like "for what is at a specific time, it holds necessarily that it is at that time". Aristotle's reasons for affirming (I1) and (IH1') as developed by von Wright and Hintikka, respectively, are of course quite different. Without taking any stand on the question of which interpretation of Aristotle is the most reasonable one - perhaps it can be argued that Aristotle subscribed to both principles – I find (I1) a more reasonable and interesting principle in itself, and I shall stick to it in this discussion.


While Aristotle affirms that what is, is necessary, when it is, which we are now interpreting as an affirmation of (I1), he immediately afterwards denies that everything that is, is necessary. Instead of interpreting him as then speaking about another kind of necessity, as von Wright does, I propose to understand him as using the terms in the same sense as immediately before.  What Aristotle is saying can then be read as denying that the implication 

(I2)                                 if At is true, then it is necessary that At is true

always holds. The truth of the latter implication (I2), which lacks explicit time reference as to when it is necessary that At is true, and which therefore has to be taken as implicitly referring to the time at which it is uttered, depends among other things on the relation between the time t and the time of utterance. If the implication is uttered at t, it is valid according to what is said by the implication (I1), and if uttered at a later time, it would also be valid according to what has been said before (what becomes necessary, remains necessary, a principle that Aristotle does not state but would probably agree to). But if it is uttered before t, then the implication needs not to be valid because of these other principles, and it may be proposed as a reason for Aristotle rejecting "what is, necessarily is". We may still allow that for some specific At, (I2) is valid even when uttered before t, namely if it would be already fixed at the time of utterance that At is true.


I am thus proposing that we do not need to introduce two kinds of necessity, factual necessity and necessity simpliciter, but can interpret passage (a) as being about factual necessity all the way through. It is undoubtedly simpler to understand Aristotle when saying "But not everything that is, necessarily is" as saying something in opposition to what he has just said immediately before, more precisely, as denying that we can leave out the time specification "when it is" from "What is, necessarily is, when it is" and still have a valid principle. If the first affirmed principle is rendered as (I1), then what is denied as always holding should be rendered as (I2), obtained from (I1) by leaving out the specification "at t". (To use von Wright's notion necessity simpliciter, one could say that the latter implication (I2) is not necessary simpliciter, but such an iterated use of necessities is an unneeded complication; it is sufficient to say simply that the implication is sometimes false, having already introduced the idea that factual necessity is relative to time.)


When formulating the implication (I2) that Aristotle rejected as not always holding, I considered only sentences At with a specific time reference, but we could have considered more generally all kind of sentences, including open and token-reflexive ones, thus getting the implication

(I2*)                              if A is true, then it is necessary that A is true.

 There are token-reflexive sentences which when put for A in (I2*) give implications that do not hold. An obvious example already suggested in section II is "a sea battle will take place tomorrow". Since for any time t of its utterance, the sentence speaks of an event that is said to occur at a time after t, and since furthermore it is rarely settled at time t that a sea battle will take place the next day, we have here a counter-example to (I2*) of the same kind as above. But for von Wright, who takes Aristotle to deny (I2*) interpreted as speaking of necessity simpliciter, "a sea battle will take place tomorrow" is a counter-example for the different reason that a sea battle does not always take place tomorrow. 


When A is a sentence like "Socrates is sitting", which has no explicit time reference at all, the outcome is different. We find that then (I2*) always holds when the necessity is taken as factual: since both the necessity and the verb in A now have to be understood as referring to the time of utterance, we have a case where something is asserted to be necessary at the time at which it is, in other words a case where the implication (I1) applies. But when interpreted in von Wright's way, we have again a counter-example to (I2*): Sentences like "Socrates is sitting" are prime examples of sentences that are true for some points of time and yet are not necessarily true simpliciter, due to the fact Socrates is not always sitting. Factual necessity thus behaves quite differently from von Wright's necessity simpliciter.


In other words, when Aristotle's "not everything that is, necessarily is" is understood as speaking about factual necessity, it gets a quite different function from the one that von Wright assigns to it when interpreting Aristotle's words in terms of necessity simpliciter: the point is not any longer to remind us of the existence of contingencies. Instead, the point is to tell what has gone wrong in the determinist argument. The principle that truth implies necessity, which was used in that argument, is valid when time is introduced in the appropriate way as stated in (I1). But, Aristotle says here, the principle in question does not hold unconditionally as would be needed if the determinist argument were to go through.  


The result is thus that passage (a), when interpreted in this way, can be understood as blocking the determinist argument, unlike the situation in von Wright's interpretation.  This is just to return to the realist interpretation, briefly described in section II, now developed in a little more detail. Aristotle read in this way does not give "a refutation of determinism", which would be to require too much, but he does refute the determinist argument. 

IV.2. The realist and antirealist interpretation, pro and con

When weighing the pros and cons for the two main lines of interpretation, the realist and anti-realist ones, it has already been said that passages (a) and (b) fit well with the realist interpretation but not with the beginning and end of the chapter, and that it is vice versa for the anti-realist interpretation.


Bringing in other passages of the chapter, one may turn to an interlude between the development of the determinist argument and Aristotle's remark about the absurdity of its conclusions where Aristotle says: "Nor, however can we say that neither is true" – for instance, that neither "there will be a sea battle tomorrow" nor "there will not be a sea battle tomorrow" is true. It has been suggested that this is an explicit rejection of the anti-realist idea that singular statements about the future lack truth-values, but Aristotle may be understood instead as denying here that both can be false.
 Furthermore, it is difficult to say whether the passage, which is followed by an argument that backs up what has been said, is to be taken as a part of the determinist's reasoning that is rejected by Aristotle or should be understood as an investigation made by Aristotle of whether a reasonable way out from the determinist argument would be to assume that none of the two sentences is true.


One may also try to take into account Aristotelian doctrines in other texts.  One is the correspondence principle of truth, which is naturally invoked in order to explain the principle that truth implies necessity, as suggested in section II: to say that a sentence is true is to say that there is a corresponding fact, and if there is a corresponding fact then the sentence must be true, i.e. is necessarily true. Referring to this principle, one may say on behalf of the anti-realist interpretation that before the occurrence or the non-occurrence of a sea battle tomorrow, there is no fact that can make the sentence "there will be a sea battle tomorrow" true or false, and that therefore the sentence must lack truth-value today. It may be replied that this is to beg the question, since the issue is whether already today there is either an existing fact as to the occurrence of a sea battle tomorrow or an existing fact as to the non-occurrence of such an event. However, one may then ask what the motivation is behind the restriction of the principle that truth implies necessity to sentences about the present and the past. The natural thing to say is, it seems, that for a sentence about the past or present there is a fact in view of which the sentence is either necessarily true or necessarily false, but for a sentence about the future there may not yet be any such fact. But if so, nor is there a fact that makes the sentence true or false. In other words, lacking facts that prompt necessary truth or necessary falsity, the facts that according to the correspondence theory could prompt truth or falsity are also lacking, and therefore a prediction of a future event may not yet have any truth-value. From this perspective the anti-realist interpretation appears more coherent than the realist one. I shall soon return to the issue by considering more sophisticated correspondence theories of truth.


There is of course much more to say in favour and disfavour of the two interpretations, but it seems hard to bring up enough evidence to say that one side in this debate is "absolutely right". The right thing to say is perhaps that there are tensions in Aristotle's text which does not allow a coherent interpretation. It should be noted however that the two interpretations might be modified so as to bring them into line with each other.
 One may agree that by the considerations formulated in passage (a), the determinist argument is blocked as suggested by the realist, but this does not exclude that Aristotle also rejects the premiss of the determinist argument (perhaps because such a rejections seems to give a more coherent position, although it is not formally needed in order to avoid the determinist conclusion). Abandoning the position that plain truth is atemporal, one may then say that sentences about the future sometimes lack truth values now, but that nevertheless any sentence of the form "A or not-A " is now true even when the sentence A is about the future. This has the remarkable consequence that a disjunction may be true at a time t although neither of the disjuncts is true at t. An interpretation of this kind seems to accord with the beginning and end of the chapter as well as with the passages (a) and (b), and may come close to what Aristotle had in mind.


The debate between the realist and the anti-realist interpretations has anyway the merit of drawing attention to the fact that there are two independent ways of escaping the determinist conclusion; the best interpretation of Aristotle's text may be to combine elements form both interpretations, but to solve the problems raised by the Sea Battle Argument it is sufficient to take up one of the suggested lines of interpretation. This brings up the question what is the most reasonable solution of these problems, quite apart from the question how did Aristotle want to solve them. In the rest of the paper I shall make some further remarks on that.

IV.3 The nature of factual necessity

A key question is of course how factual necessity should really be explained. Many people have remarked that the notion in question is not the notion of necessity now mostly studied in modal logic. Indeed, factual necessity seems to have little to do with truth in all possible worlds; the point seems rather to be that certain propositions are factually necessary in view of how the facts are in the actual world. But how is this to be understood more precisely?


Anscombe remarks in her paper (footnote 5) that the concept of necessity referred to when it is said that sentences about present or past events are necessarily true, if true, and necessarily false, if false, is unfamiliar to us, and suggests: "A modern gloss that can be used here, ... and without which it is it is not possible for a modern person to understand his [Aristotle's] argument, is: and cannot be shown to be otherwise". Anscombe's point seems to be that necessity in this context is to be understood as an epistemological notion and that to be necessary means something like: is certainly true, there is nothing that could tell against it. Her paper is however cryptic and there is no hint of a systematic account. 


Von Wright makes anyway clear in his paper that he disagrees with Anscombe on this point, and emphasizes that the necessity of that which is or has been should not be understood primarily in epistemic terms. He remarks that epistemically the past is just as open to alternatives as the future. Although von Wright does not here (as he has done in other works) explicitly use the picture where states of the world are represented as nodes in a branching tree, his position is best understood in such terms. He suggests that "the past is a closed linear order of successive states", while the future lies there "open", having "room for alternative developments", which is to say that from the node representing the present state of the world, the tree branches out towards the future, while in the other direction there is just one branch or trunk. This is to be understood as representing how things really are ontologically; it is in the nature of things that the future is not yet completely settled. Von Wright seems here to state his own position, but he thinks that Aristotle shares it. 


Both the realist and the anti-realist may use trees of this kind as models of how the world has developed and may develop in the future. The states of the world up to the present time may be thought of as determined by the facts that prevailed or prevails at the respective points of time. The branches that fork towards the future are to be thought as representing different possible ways in which the world may develop, their nodes representing possible future states of the world. Let us say that these states are determined by the potential or possible facts that may prevail at the points of time in question. The facts or potential facts belonging to a state of the world first of all determine what sentences are true at that state of the world.


For sentences about the future, one may think of at least two possible semantics with reference to such models of the world. One possibility is to say that a sentence A about a specific time t in the future is true now, if every branch that goes from the present state towards the future contains a state at which A is true. It follows that a sentence of the form

"A or not-A" formed from such a sentence A is true now, since we may suppose that for whatever branch one chooses, when one reaches the time t, one will come either to a state with a potential fact corresponding to A, in which case A and hence "A or not-A" are true, or to a state with a potential fact corresponding to not-A, in which case not-A and hence again "A or not- A" are true. But since different alternatives may hold for different branches, neither A nor not-A need to be true now. This is a semantics that suits the anti-realistic standpoint: the principle of bivalence does not hold universally, the future is indeterminate, genuinely open, but all instances of the law of excluded third hold always true when put in the form used just now where truth is ascribed to the whole disjunction and is not distributed over the disjuncts. 

A semantics adapted to the realist standpoint, where truth is atemporal as von Wright emphasizes, must of course be different. Necessary truth (in the factual sense) now takes the place of truth in the anti-realist semantics, so to say: A sentence A about the future is necessarily true now if every branch that goes from the present state towards the future contains a state at which A is true. In this way, factual necessity as now explained for sentences about the future somewhat resembles truth in all possible worlds, after all. But how is truth to be explained? A realist about the future has to say that although there are several possible ways in which the world may develop, represented by the branches going towards the future, there is one branch that represents how the world will actually develop, and a sentence A speaking about what happens at a certain time t in the future is true if the state at time t in that branch contains a potential fact corresponding to A; from this perspective one may as well drop the attribute "potential". Every sentence, even those about the future, has therefore a truth-value, and since truth explained in this way does not vary with the nodes in the actual history of the world, we should speak just about truth and not about truth at a certain node. But possible and necessary truths always hold only with respect to nodes.


Both the anti-realist and the realist assert that the future is open, in other words that the world could develop in different ways as represented by the different paths that one can follow in the tree starting from the present state of the world. As anyone must admit, the world will develop along exactly one of these paths. No one will say that this path exists already now. For the realist this path exists – but in a timeless sense. For the anti-realist there is no such timeless existence. But he must admit potential facts that will successively come into existence as the world develops along one of its possible routes. One may wonder how one best should speak of these things that do not exist but will come into existence. Since the anti-realist holds that for any sentence A about the future, either A will come true or not-A will come out true, he should be willing to say that for each time, one of the possible states of the world will come into existence, and hence also that there is one path along which the world will develop. The anti-realist could say that the path along which the world will develop exists indeterminately, to apply an expression used in antiquity to designate this kind of quasi-existence. In contrast, for the realist, the future must be said to be determinate. Or, more precisely, any sentence about the future is determined as true or false by the existing future states.  But again, although the states that the world assumes at different points of time are so to say indexed by time, there existence is outside of time; they do not exist already. The realist may therefore maintain that the future, although determinate, is not predetermined, the meaning of which is explained in terms of the temporal notion of factual necessity. 


In these sketches, the realist notion of truth is explained in terms of correspondence with existing facts, while the anti-realist notion of truth is explained in terms of correspondence with potential facts. The sketches must of course be developed much further to say whether both standpoints are really coherent, and if they are, what their comparative advantages and disadvantages are. For instance, the anti-realist must allow for disjunctions that are true while none of the disjuncts is and for conjunctions that are false without any of the conjuncts being false, which is quite a departure from what we are used to. The anti-realist must also find a way to evaluate predictions A made at s about an event at a future point of time t, not only by saying that A is true or false, as the case may be, at t, but also by assessing A at s from the point of view of t without falling into contradictions. For instance, from the point of view of tomorrow, when, say, the today's prediction of the occurrence of a sea battle the following day has turned out to be "correct" (as one says in ordinary language), we want to say of this prediction that it was the case already when it was made, that it would become true, although it is not the case today from the point of view of today that the prediction will be true.


Both the anti-realist and the realist as represented by von Wright emphasize as already noted that the future is open in an ontological sense: the openness is not just a matter of our ignorance, the future is really open. The intriguing questions are what the ontological openness of the future really amounts to, whether there is any deeper difference between the two views in this respect, and if so what that consists in. Having no answers to these questions, I find it of interest to investigate whether it is not possible, after all, to understand the necessity that has figured in these discussions in an epistemic way with less ontological presuppositions. 

IV.4 Epistemic necessity from a constructivist perspective

 In order to avoid explaining truth in terms of "facts" in future states of the world or "potential facts" in all "possible" future states of the world, one better does not explain it in terms of facts at all. This is the leading idea of an epistemic notion of truth that explains truth in terms of what establishes a sentence as true, which in turn is taken to depend on the meaning of the sentence. Given such a semantic, the facts of the world may be seen as determined by which sentences are true, rather than the other way around. In the terminology of Michael Dummett, such an approach will lead to a realist or an anti-realist conception of a subject matter, if, in the sector of language in which we speak about that subject matter, the principle of bivalence holds or fails, respectively. 


If we equate true with established to be true, truth will be tensed in a way that contradicts fundamental pre-theoretical ideas of truth, but if we equate true with being possible in principle to be established as true, it is different. Mathematics affords the clearest example of a domain in which one has tried to apply such an epistemic notion of truth: the truth of a sentence becomes then equated with the existence of a proof (which does not need to be known by us), instead of the existence of a corresponding mathematical fact, and since there is no guarantee that, for every sentence involving quantification over infinite domains, there either is a proof of it or of its negation, we have no guarantee for the validity of the law of excluded third or the principle of bivalence when applied to such sentences. The result is an anti-realist conception of some subject matters involving mathematical infinity.


This approach is compatible with different views of time. If we say that sentences about the past or future are true depending on whether there is now available evidence for their truth, the result is an anti-realist view of both the past and the future. Michael Dummett has in some periods been inclined to such a view. For my part, I have always thought that this way of construing the truth of the past and the present distorts our meaning of tensed sentences, and that we should rather say that a sentence concerning a certain time that has passed is true, if at that time in the past it was possible in principle to establish the sentence as true, and similarly that a sentence concerning a certain time in the future is true, if at that time in the future it will be possible in principle to establish the sentence as true. If we take that view, which Michael Dummett nowadays agrees with, we get a notion of truth that can be taken as atemporal and for which we find that the principle of bivalence and the law of excluded third hold for all sentences about observable events, regardless of whether they are in the past, present, or future. In these respects the results obtained accords with von Wright's way of thinking in spite of the very different starting points.


The question is whether from such a basis one can define an epistemic notion of necessity that with respect to tensed sentences behaves like factual necessity as described above. When we are in possession of compelling evidence for the truth of A, then we often say naturally that A must be true. We have here a kind of epistemic necessity, which may be understood as signifying that confronted with compelling evidence, we have no choice but to hold the sentence true. However, for such a notion of necessity, the principle that truth implies necessity does not hold in the way it does for factual necessity, because a sentence may be true, while we are not be in possession of the evidence for the truth; truth now meaning 

that evidence could in principle be found (or could in principle have been found, or will in principle be possible to find).


We may try to introduce a more objective notion of epistemic necessity that is not tied to our actual possession of evidence. A proposal is to say that a sentence A is necessary at time t, if (compelling) evidence could in principle be available at time t for the truth of A, in other words, provided that certain possible precautions are taken, evidence can be had at time t for the truth of A. To see how such a notion of necessity behaves, let At be a sentence stating that a certain observable event takes place at time t and suppose that At is true. Then evidence for the truth of At is available in principle at time t (can be had simply by observing the event in question), and hence At is true necessarily at time t in this epistemic sense. This conforms with Aristotle's statement that "what is, necessarily is, when it is" in the same way as factual necessity does as developed above, i.e. the implication (I1) holds for this notion of necessity. 


Furthermore, we get the same kind of exceptions to the principle that truth implies necessity. More precisely, the implication (I2) does not always hold for this kind of epistemic necessity: If t is a point of time that comes after the time of utterance, then At may true without A being necessarily valid (i.e. at the time of utterance), since it may not be the case that the evidence for the truth of At could in principle be available at the time of the utterance. More generally, if s is a point of time coming before t, then, lacking a proof for determinism, there need not be any evidence for the truth of At that could in principle be available already at s. 


This conformity with factual necessity is a result of the obvious epistemic openness of the future. What about the past? As von Wright points out, the past is also open in an epistemic sense: as far as we know, there may be several different previous states of the world from which the present state could have developed. But we are now speaking, not of what is known, but of evidence that could be available in principle. Still, as time passes, evidence may get lost forever, and therefore evidence that was available in principle may not be so any longer. However, we may argue that any specific evidence that is available at some time could in principle be saved for the future. In other words, any specific evidence available in principle at time t could in principle be available at any later time u. Therefore, if we accept this, and if u is a point of time coming after t, then there is evidence for the truth of At that could in principle be available at time u, and hence At is true necessarily at time u. 


We can summarize what holds for this notion of epistemic necessity by considering the following examples:


(i) It is necessary (now) for there to be or not to be a sea-battle tomorrow. (The disjunction refers to tomorrow and is true if it can be established tomorrow as true. We can prove now that this is the case, because by making the appropriate observations tomorrow, we will find that there is a sea battle or that there is not. In either case, we will have established tomorrow that one of the disjuncts is true and hence that the disjunction is true. The disjunction can thus be established tomorrow as true. We have thus a proof now that the disjunction is true, and hence we can conclude that it is necessarily true.) 


(ii) Either it is necessary that there is a sea battle now or it is necessary that there is not. (By making the appropriate observations now we will have evidence now for there being a sea battle now or for there not being one now. In either case, one of the disjuncts is true and thereby also the disjunction is true. Hence, the disjunction is true.)  


(iii) There is in general no guarantee that either it is necessary that a sea battle takes place tomorrow or that it is necessary that it does not. (We showed the disjunction appearing as a subsentence in (i) to be true by arguing that tomorrow one of its disjuncts could be established as true. Thereby we had now a proof for that disjunction and concluded that it is necessarily true. However, from the fact that tomorrow we shall be able to establish one of these disjuncts as true, it follows only that tomorrow one of them will turn out to be necessarily true. To show that the disjunction that we are now considering is true, we have to show that one of the disjuncts is true, which in turn requires that we could in principle have evidence now for one of the disjuncts, but for that there is no guarantee.) 


(iv) Either it is necessary that there was yesterday a sea battle or it is necessary that there was not. (One could have made appropriate observations yesterday that would have given us evidence for that there was a sea battle yesterday or for that there was not. In the first case, this evidence could in principle have been preserved to today, i.e. evidence could in principle be available today for there having been a sea battle yesterday, which means that the first disjunct is true; the disjunction is thereby true. Similarly, in the second case, the second disjunct is true and the disjunction is thereby again true. In both cases the disjunction is thus true.) 
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