Future Copntingents, Truth-Functionality and Three-Valued Logic:

1.  Introduction

The most fundamental issue in the philosophy of time is whether a static view of the world, or a dynamic view, is correct.  I hold that a dynamic view is right, and, in particular, a dynamic view according to which the past and the present are actual as of a given time, but the future is not, and where the world grows by the accretion of tenseless facts.

One feature of this approach to the nature of time is that it involves the acceptance of a three-valued logic.   The question therefore arises as to whether this fact is not a decisive reason for rejecting such an approach to the nature of time.  For any three-valued logic is open to a number of important objections, including the crucial objection that the ordinary, truth-functional connectives cannot be truth-functional within three-valued logic.

I shall argue that this objection, rather than counting against certain dynamic views of the world, is, instead, an objection to standard formulations of logic.  What it shows is that the standard view of the familiar logical connectives is not metaphysically neutral.

This response cannot be sustained, of course, unless one can set out an alternative account of the logical connectives - one according to which truth-functionality is not the defining property of those connectives.  In this paper, I shall both offer such an account, and I show that it is metaphysically neutral between static and dynamic views of the world.

2.1    Reasons for Adopting a Three-Valued Logic

Does a tensed approach to time require a three-valued logic?  It depends upon the type of tensed approach.  If one opts for the view that there are no ontological chasms between the past, the present, and the future, but simply intrinsic properties of pastness, presentness, and futurity, each of which is possessed by every event at some time or other, then one neither needs, nor wants, a three-valued logic.  For if the past, the present, and the future are equally real, there is no room for a class of facts whose absence, or non-actuality, as of a given time, makes it the case that some statements are neither true nor false at that time.

By contrast, if one holds that there is an ontological gulf between the future, on the one hand, and the past and the present on the other, then I believe that a metaphysically satisfactory representation of the situation requires a three-valued logic.  For while it will still be the case that every statement is either true at a given time, or not true at that time, there are two very different ways in which a statement may fail to be true, at a given time, if the future is not real.  Compare, for example:

S:  There are (tenselessly) no dinosaurs

T:  There are (tenselessly) unicorns in the year 2000 A.D.

The former of these is not true, in the year 1980, say, because it is true in the year 1980 that there exist (tenselessly) positive states of affairs that render any denial of S - such as, 'There are (tenselessly) dinosaurs' - true at that time.  T, on the other hand, also fails to be true in the year 1980, but for a different sort of reason.  For it is not true in the year 1980 that there exists (tenselessly) some positive state of affairs that renders any denial of T - such as, 'It is not the case that there are (tenselessly) unicorns in the year 2000 A.D.' - true in the year 1980.  It is simply that there is no positive state of affairs that is actual as of the year 1980 that renders T true at that time.  In short, given the ontologically vigorous type of tensed account that I wish to espouse, some statements fail to be true at a time simply because there is nothing that is actual, as of that time, that makes them true, while others fail to be true at a time because there is, as of that time, a positive truthmaker for some logically incompatible statement.  And given that this is so, to hold that there are only two truth-values - i.e., truth and falsity - would seem unsatisfactory, since it fails to bring out the fact that statements may fail to be true in two very different ways.  A three-valued logic with truth, falsity, and indeterminateness provides a vivid representation of this fact.

A related point is this.  If the future is not real, then even a tenseless, indexical-free statement may have different truth-values at different times.  'There are (tenselessly) unicorns in the year 2000 A.D.' may be true in the year 2001, even though it is not true in the year 1996.  Such statements may therefore change from being not true at one time to being true at some other time.  But if, in addition, one holds that there are only two truth-values, one must hold that change in the opposite direction is also possible, since the statement, 'It is not the case that there are (tenselessly) unicorns in the year 2000 A.D.', is, on that view, true in the year 1996, and it may very well not be true in the year 2001.  If, however, tenseless statements which are false at one time can become true at a later time, and those which are true at one time can become false at a later time, one might wonder whether some statements can oscillate back and forth, between truth and falsity.  The answer, of course, is that this is not possible:  a statement expressing a proposition can change its truth-value only once.  To explain why this is so, however, one needs to bring in, once again, the fact that there are two very different ways in which a statement may fail to be true, and so, in the end, one is in effect making use of three truth-values.  Is it not better, therefore, to make everything explicit, by formulating things in terms of a three-valued logic?  For then one can say, first, that if a tenseless statement is either true or false, this is in virtue of the existence of a relevant truthmaker - that is, a truthmaker either for the statement or for its denial - and this will enable one to explain why a statement cannot be true at one time, and false at another time.  And secondly, that if a statement has the truth-value indeterminateness, this is because of the absence of relevant truthmakers, and so such a statement may, at some later time, become either true or false.  These facts, taken together, then entail that a tenseless statement may change its truth-value only once.  A three-valued logic provides, therefore, a more perspicuous representation of the underlying metaphysics.

2.2     Three-Valued Logic as a Stumbling Block

But if this type of tensed approach is best served by a three-valued logic, does not that fact itself constitute a stumbling block?  For may it not turn out that the required three-valued logic exhibits features found in connection with other non-classical logics - features that appear quite problematic?  In intuitionistic logic, for example, it is held that it need not always be the case that p or not p.  More dramatically, in more recent, dialethic logics, it is maintained that it may sometimes be the case that both p and not p.
  Confronted with such rejections of the law of excluded middle, or of the principle of non-contradiction, it is very natural to wonder whether what is being called 'negation' really is negation.  And in general, when a non-classical logic entails that  certain statements that are classified as expressing logical truths, not only by classical logic, but by our ordinary logical intuitions, do not really do so, there would seem to be strong prima-facie grounds for concluding that some of the logical connectives employed in the non-classical logic in question cannot be identical with standard ones.  Moreover, if the latter is the case, it raises the very strong suspicion that the reason that there are non-standard logical connectives masquerading as standard ones is that there is no way, in the logic under consideration, of expressing the standard logical connectives in question.

The question thus arises whether the same problem may not be present in the case of three-valued logic.  Do some statements that we ordinarily take to be tautologies turn out not to be logical truths?  If they do, is not that a good reason for concluding that one or more of the logical connectives cannot be identical with standard ones, and for suspecting, moreover, that the reason that this is so is that it is impossible properly to express some of the ordinary logical connectives in three-valued logic?

This line of thought receives considerable confirmation, moreover, when one turns to what, in the words of Prior, 'might now be described as the "classical" system of three-valued logic'
, namely, that introduced by Jan Lukasiewicz in 1920, and a system that, moreover, arose out of reflection upon Aristotle's famous discussion, in his De Interpretatione, of the question of the truth-values of propositions concerning contingent future events.  For consider the truth-tables for negation, conjunction, disjunction, and the material conditional, in the system of three-valued logic proposed by Lukasiewicz:
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Examining these tables, it can be seen that some of the logical connectives are interrelated in the normal ways.  This is true as regards negation, disjunction, and conjunction.  Thus, for example, the above tables assign the same truth-values to 'p or q' and to 'not (not p and not q)', and similarly, to 'p and q' and to 'not (not p or not q)'.  On the other hand, the conditional is not related to disjunction and negation in the normal way, as is shown by the fact that if 'p' and 'q' both have the truth-value i, 'not p or q' also has that truth-value, whereas the conditional, 'if p, then q', has the truth-value t.

Apparently even more serious, however, is the fact that certain statements that are normally taken as expressing logical truths do not do so in Lukasiewicz's system.  Thus, neither 'p or not p' nor 'not (p and not p)' express tautologies, since if 'p' has the truth-value i, then so do 'p or not p' and 'not (p and not p)' .  So neither the law of excluded middle, nor the law of non-contradiction, obtains.

The first of the above difficulties could be escaped by altering the truth-table for the conditional, so that 'if p, then q' would get assigned the truth-value i, rather than the truth-value t, when both 'p' and 'q' had the truth-value i.  This would restore the normal relation among material implication, disjunction, and negation.  It would do so, however, at the cost of augmenting the second sort of difficulty, since the change in question would have the result that 'if p, then p' would no longer express a tautology, since its truth-value would be i when 'p' had the truth-value i.

What of the second difficulty? A familiar line of thought may seem to show that it is inescapable, with the result that one has here a decisive objection to three-valued logic.  But it will be best to deal with this in the next section, since the point that lies at the heart of the matter is relevant to a number of objections to three-valued logics.

3.  Five Objections to Three-Valued Logic

In this section I want to describe briefly five objections to three-valued logic, and thus to any account of the nature of time which claims that the future is not real.  Of these five objections, the crucial one is the last.  What it says is that three-valued logics are unacceptable because they entail that the familiar truth-functional connectives are not truth-functional.  Before turning to that objection, however, I want to consider four other objections which may appear, initially, to be independent of the truth-functionality objection, but whose force can, I believe, be shown to be derive from their connection with it.

3.1   Bivalence and Truth-Functionality

First, then, there is the bivalence objection.  The principle of bivalence asserts that every proposition is either true or false, and the objection is then that the view that the future is not real involves the abandonment of the principle of bivalence.

But why should one be disturbed by the rejection of the principle of bivalence?  One answer might be that it is a defining characteristic of propositions that they are either true or false.  But it would seem to be a perfectly satisfactory response to this that what is essential to a proposition is that it has some truth-value or other.  If there are only the two truth-values - truth and falsity - then the principle of bivalence will be true.  But if there are more than two truth-values - as is so in the case of the concept of truth at a time - the principle will be false.  On the surface, then, it may well seem that appeal to the principle of bivalence is simply question-begging.  We shall see shortly, however, that there is more to it than this.

3.2  Propositions and their Negations

A second objection focuses upon the fact that, if the future is not real, then neither a proposition nor its negation need be true.  This idea has been widely held to be completely unacceptable.  Donald Williams, for example, says that this 'would appear to be as nearly incredible as any proposition could be.'

This objection is obviously very closely related to the first objection.  For if, as is surely very plausible, it is analytically true that a proposition is false if and only if its negation is true, it follows that the principle of bivalence is true if and only if every proposition is such that either it, or its negation, is true.

Here, as in the case of the previous objection, the principle is one that is true in the case of the concept of truth simpliciter, but not in the case of truth at a time.  So the question is whether there is any reason for holding that any acceptable concept of truth, including that of truth at a time, must be such that, for every proposition, either it or its negation is true in the relevant sense.

One line of argument might be that the negation of any proposition is by definition a proposition which is true when, and only when, the original proposition fails to be true.  But this, like the previous argument, would appear to be question-begging.  For if one holds that there are, given the concept of truth of truth at a time, more truth-values than truth and falsity, what one will want to say is that the negation of a proposition is to be defined, not as a proposition which is true when, and only when, the original proposition fails to be true, but as a proposition which is true when, and only when, the original proposition is false.  And there will then be no reason, it would seem, for holding that the concept of truth at a time cannot be acceptable, since it is not the case that every proposition is such that either it, or its negation, is true at every time.

3.3  Disjunctive Logical Truths

The third objection is related to the first two, but it involves an additional assumption - namely, that any statement of the form 'p or not p' is true.  Given that assumption, together with the assertion that there can be cases where neither a proposition, nor its negation, is true, it follows that 'p or not p' may be true even though neither 'p' nor 'not p' is true.  But this, the third objection contends, is absurd:  'To say that it is true that either there is a sea fight tomorrow or there is not, but that it is not true that there is and it's not true that there's not, is a sheer contradiction'

3.4  The Truth Conditions for Disjunctive Statements

But why does Williams think that there is any contradiction here?  The answer emerges, I suggest, if we turn to a fourth objection, the thrust of which is that the meaning of disjunction is such that a disjunctive statement cannot be true unless at least one of its disjuncts is true.  Quine, for example, has referred to 'the desperate extremity of entertaining Aristotle's fantasy that "It is true that p or q" is an insufficient condition for "It is true that p or it is true that q".'
  But, then, if it is part of the very meaning of disjunction that a disjunctive statement cannot be true unless one of its disjuncts is true, then 'p or not p' certainly cannot be true unless either 'p' is true or 'not p' is true.

But what grounds are there for holding that a disjunctive statement, by definition, cannot be true unless one of its disjuncts is true?  In the case of a concept of truth that is known to be two-valued, one can appeal to the fact that, in the two-valued truth table for disjunction, a disjunctive statement is only true in cases where at least one of its disjuncts is true.  So it is certainly the case that, for the concept of truth simpliciter, a disjunctive statement cannot be true unless one of its disjuncts is true.  The concept of truth at a time, on the other hand, is not two-valued, and so it will not do to appeal to the two-valued truth table for disjunction.  What one will need to do, rather, is to show that even though there is a third truth-value that a proposition can have at a time, the more extended truth table that results will not involve any cases where a disjunctive statement is true at a time, even though neither of its disjuncts is true at that time.

How might that be argued?  A plausible line, I suggest, involves the following two claims.  First, if a proposition is true at one time, it is also true at every later time.  Truth, in contrast to indeterminacy, is a stable truth-value.  Secondly, the three-valued truth tables for the logical connectives must agree with the two-valued truth tables with respect to all cases that do not involve component propositions that have the third truth-value.  Given these assumptions, the question is whether, if there are three truth-values, there can be cases where a disjunction is true at a time, even though neither of the disjuncts is true at that time.

The argument proceeds in two stages.  The first involves showing that if one has a disjunction satisfying the following two conditions - (1) neither of its disjuncts is true at time t;  (2) both disjuncts could be simultaneously false at some time after t - then the disjunction cannot be true at time t.  The second stage consists of moving from this conclusion to the stronger result that no disjunction, neither of whose disjuncts is true at time t, could possibly be true at time t.

So let 'p or q' be any disjunction and t be any time such that, first, neither 'p', nor 'q', is true at time t, and secondly, it is possible for both disjuncts to be simultaneously false at some later time t*.  (Thus if t is 1980, 'p or q' might be 'Either there are unicorns on  earth in the year 2000, or dinosaurs never existed', since neither of the disjuncts is true in 1980, and both disjuncts could be simultaneously false at some later time.  But 'p or q' could not be 'Either there are unicorns on the earth, in the year 2000, or there are no unicorns on earth in the year 2000', for then both disjuncts could not be simultaneously false at any later time.)  The argument now runs as follows.  If 'p' and 'q' were both to be false at some later time t*, then, in view of the assumption that three-valued truth tables and two-valued truth tables agree with respect to all cases that do not involve component propositions that have the third truth-value, it follows that the disjunctive statement 'p or q' would also be false at that time.  Therefore, since it is possible for both 'p' and 'q' to be simultaneously false at a later time, it must also be possible for 'p or q' to be false at a later time.  But if this is possible, then 'p or q' cannot be true at time t.  For if 'p or q' is true at time t, it follows, given the assumption that truth is a stable truth-value, that 'p or q' is true at every later time, t*.

This first stage of the argument makes use of the assumption that it is possible for p and q to be simultaneously false at some later time, so the general conclusion that it is impossible for a disjunction to be true at a time unless at least one of its disjuncts is true has not yet been established.  But this stronger conclusion can now be established very quickly as follows.  Let 'r or s' be any disjunction such that neither 'r' nor 's' is true at time t., and where it is impossible for 'r' and 's to be simultaneously false at any later time.  Then regardless of whether 'r' is false or indeterminate at time t, and similarly for 's', there will always be 'p' and 'q', such that, first, the truth-values of 'p' and 'q' at time t agree, respectively, with those of 'r' and 's' at time t, and secondly, it is possible for p' and 'q' to be simultaneously false at some later time.  But then,  since 'r' has the same truth-value as 'p' at time t, and 's' the same truth-value as 'q', it follows that 'r or s' must have the same truth-value at time t as does 'p or q' .  But we have just seen that 'p or q' cannot be true at time t.  Hence neither can 'r or s' be true at time t.  Therefore a disjunction can never be true at a time unless at least one of its disjuncts is true at that time.

As noted above, this argument involves the following two assumptions.  First, that truth is a stable truth-value, and secondly, that the three-valued truth tables for the familiar logical connectives must agree with the two-valued truth tables with respect to all cases that do not involve component propositions which have the third truth-value.  Are these two assumptions defensible?  I believe that they are.  In support of the first, I would appeal to the account of the nature of facts, and the accompanying correspondence theory of truth, set out earlier.  For given the correspondence theory with its requirement that, for a contingent proposition to be true, there must be states of affairs which are truthmakers for it, a proposition could be true at one time, and not true at a later time, only if what facts there are diminished with the passage of time, and the latter is precluded by the above account of the nature of facts.

As for the second assumption, it seems reasonable simply to say that if a three-valued truth table fails to agree with a two-valued table with respect to cases that do not involve the third truth-value, then the tables cannot be tables for the same logical connective.

Do these two assumptions then suffice to establish Quine's claim that 'It is true that p or q' is a sufficient condition for 'It is true that p or it is true that q'?  Not quite.  For the argument also involves a third assumption that has not yet been made explicit - the assumption, namely, that there is a complete, three-valued truth table for disjunction, i.e., that there are no possible assignments of truth-values to the disjuncts of a disjunctive statement for which the truth-value of the disjunctive statement is not uniquely defined.  But if there were such assignments, that would imply that disjunction is not a truth-functional connective.  The third assumption, accordingly, is simply that disjunction is a truth-functional connective.

This third assumption enters into the argument at the second stage.  To see why this is so, consider the statement, 'Either there will be a sea battle tomorrow or it is not the case that there will be a sea battle tomorrow', and let us suppose that this statement is now true, even though neither disjunct is now true.  This supposition is perfectly compatible with the assumptions that truth is a stable truth-value, and that three-valued truth tables must agree with two-valued ones with respect to the cases they have in common.  But trouble arises once one adds the further assumption that disjunction is a truth-functional connective.  For there are other disjunctive statements with indeterminate disjuncts - such as 'Either there will be a sea battle tomorrow or there will be an air battle' - that are not now true, and this implies that there is no complete truth table for disjunction, since when 'p' and 'q' have the third truth-value at a given time, 'p or q' will sometimes be true at that time, and sometimes not.

The conclusion, in short, is that Quine's claim that 'It is true that p or q' is a sufficient condition for 'It is true that p or it is true that q' can be established by appealing to the assumption that disjunction is a truth-functional connective

3.5  The Connection with Truth-functionality

We are now in a position to understand the real force of the four objections mentioned in this section.  For given the following assumptions -

(1)  Disjunction is a truth-functional connective;

(2)  Truth is a stable truth-value:  a proposition cannot be true at one time and not true at some later time;

(3)  The two-valued and three-valued truth tables for logical connectives must agree with respect to all cases not involving the third truth-value;

- it follows that:

(a)  'It is true at time t that p or q' is a sufficient condition for 'It is true at time t that p or it is true at time t that q'.

Then, as an immediate corollary, one also has:

(b)  It is impossible for 'p or not p' to be true at time t if neither 'p' is true at time t, nor 'not p' is true at time t.

The further assumption -

(4)  'p or not p' is always true at time t
- then leads to the conclusion that

(c)  For every proposition 'p', either 'p' is true at time t or 'not p' is true at time t.

Finally, given the assumption -

(5)  It is an analytic truth that 'p' is false at time t if and only if 'not p' is true at time t 

- we also have, as a consequence, the principle of bivalence:

(d)  For every proposition 'p', either 'p' is true at time t or 'p' is false at time t.

To reject (d), then, means that one must reject at least one of (1) through (5).  To reject (c), one must reject at least one of (1) through (4).  And finally, to reject either (a) or (b), one must reject at least one of (1) through (3).  But, it seems to me, (2), (3), (4), and (5) are correct.  If this is right, then, in the end, there is no satisfactory answer that can be given to the above four objections unless one can maintain that disjunction is not a truth-functional connective.

4.  Are the 'Truth-Functional' Connectives Truth-Functional?

At this point the situation may seem utterly hopeless.  Thus, even such a vigorous defender of a tensed view of time as Prior, in commenting upon Aristotle's view that a disjunctive statement of the form 'Either p or not-p' is always true, concludes by saying:

Would Aristotle, perhaps, have defended his position by so using 'Either' that a disjunction of indeterminate propositions is not itself automatically indeterminate, but automatically true?  Hardly.  It is plain, I think, that Aristotle would not have regarded a disjunction of indeterminate propositions as 'automatically' anything.  ...  This amounts to saying that in the three-valued logic of Aristotle, so far as he has such a thing, disjunction was not a truth-function.  Or alternatively we may say - and this, I think, is the simple truth - that at this point Aristotle was quite excusably muddled, and was trying to use 'proposition', 'true', etc., at once in senses in which the logic of these things is two-valued and in senses in which it is three-valued.

What I now want to argue, however, is that there is good reason for thinking that Aristotle was not muddled on this matter.  This I shall do by arguing that truth-functionality is not an essential characteristic of what are usually referred to as the truth-functional connectives.

4.1  A Brief Overview of the Argument

In the present section, I want to offer a detailed reply to this objection.  Before doing that, however, I think that it may be helpful if I briefly indicate the overall structure of my response, which is as follows.  First, central to my argument is a distinction between factual truth and logical truth.  I therefore begin by offering some support for that distinction.  My appeal at this point is to a correspondence theory of truth, and I argue that if one takes a correspondence theory seriously, one has good reason to accept a distinction between factual truth and logical truth.  Secondly, given that distinction, I then go on to argue that if one considers what are normally referred to as the truth-functional connectives, it becomes clear that in addition to being functions that map truth-values into truth-values, they are also functions that map what I shall call factual-truth-values into factual-truth-values.  The question therefore arises as to which of these properties of the familiar logical connectives is the more fundamental: their truth-functionality or their factual-truth-functionality?  My answer is that it is factual-truth-functionality that is more basic.  The third stage of my argument, accordingly, involves offering support for this claim.  One relevant consideration is that while the connectives are functional with regard to factual truth status both in three-valued logic and in two-valued logic, they are, by contrast, functional with regard to truth status only in two-valued logic.  A second consideration is that if factual-truth-functionality is taken as the basic property, it is possible to explain why the connectives in question are truth-functional within two-valued logic, but not within three-valued logic.  My conclusion, accordingly, is that factual-truth-functionality is the basic property, rather than truth-functionality, and that, as a consequence, the claim that the logical connectives found in three-valued logic cannot be the standard logical connectives of classical two-valued logic is not justified  For the basic properties of the connectives - that is, the properties in terms of which all of the other properties can be explained - are the same in both cases.

4.2  Metaphysical Background:  Truth-Makers, Truth at a Time, and Three-Valued Logic

One of the core ideas in the account of truth at a time that I wish to offer is the distinction between factual truths and logical truths.  This distinction is not, of course, entirely unproblematic, and there is at least one aspect of it that is deeply controversial - namely, that which involves logical truth in the broad sense, where what is a logical truth is a matter not merely of logical form, but of content, or meaning, as well.  It is my belief that Quinean objections to logical truth in the broad sense can be answered, and that, in particular, one can offer a satisfactory account of the concept of synonymy, and with it, of logical truth in the broad sense.  Fortunately, however, we need not get enmeshed in that difficult question, since all that is relevant in the present context is the distinction between, on the one hand, factual truths and, on the other, logical truths in the narrow sense.  In addition, it will become clear that whatever sort of account of logical truth in the narrow sense can be offered against the background of a classical, two-valued logic, can be paralleled in the context of the three-valued logic employed here.  For while there is a distinction between being factually true at a time, and being factually true, there is no distinction between being logically true at a time, and being logically true.  So the importance, in the present approach to the concept of truth at a time, of the distinction between factual truths and logical truths should not, I think, be troubling.

A second central idea is that of a truth-maker.  For according to the present account, every statement which is true at a time is true in virtue of the existence of an appropriate truth-maker.
  The nature of the relevant truth-maker will depend, of course, upon whether it is a case of a factual truth or of a logical truth.  In the case of factual truths, the truth-maker must be a state of affairs, as characterized in previous sections.  Moreover, it will be natural, in this case, to speak of the relation that obtains between a proposition and the fact that makes it true as one of correspondence.  In contrast, in the case of logical truths, the proposition (or other bearer of truth) will be true in virtue of its logical form.  Such a proposition, therefore, is not made true by any external truth-maker, and in such a case it is not, I think, appropriate to describe the relation between such a proposition and its truth-maker as one of correspondence.

There is an aspect of this that probably needs to be stressed, since it marks a difference between two-valued logic and three-valued logic.  Consider the proposition that there are (tenselessly) unicorns.  If the world contains states of affairs of the unicorn variety, this proposition will be true.  If it does not contain such states of affairs, the proposition will not be true.  To this point, two-valued approaches and three-valued approaches agree:  the mere absence of certain sorts of states of affairs may suffice to render a proposition not true, or not true at a given time..  But on a two-valued approach, it then follows that there is another proposition which is factually true - the proposition that there are (tenselessly) no unicorns.  On a two-valued approach, therefore, mere absences can be the truth-makers for some propositions.

On a three-valued approach, the situation is different.  Its not being true at a given time that there are (tenselessly) unicorns does not entail that some other proposition is factually true at that time.  What follows is rather that the proposition that there are (tenselessly) no unicorns is either true or indeterminate at that time.  This illustrates the fact that, on a three-valued approach, mere absences do not serve as truth-makers.  The requirement that factual propositions, to be true, need truth-makers, together with the condition that the truth-makers for such propositions must be states of affairs, in the sense indicated above, involves, therefore, rather more than a general correspondence theory of truth with some metaphysical trappings.  For in implying that mere absences can never be truth-makers for a proposition at a time, it presupposes a three-valued logic.

It is important to stress that I do not view the above relationship as a reason for accepting a three-valued logic.  On the contrary, it seems to me that the specific sort of correspondence theory sketched above would not be acceptable if one did not have independent grounds for thinking that a three-valued logic was correct.

The final idea, and the most crucial of all, is that of facts at a time, defined as states of affairs whose existence it is not even logically possible to prevent at the time in question.  This conception of facts, as we have seen above, is inherently time-dependent, due to the fact that the class of states of affairs whose existence it is logically possible to prevent at one time will not coincide with the corresponding class at any other time.

The combination of this concept of facts at a time with any correspondence theory of truth - and not merely with the specific version mentioned above - leads immediately to the conclusion that the basic concept of truth is that of truth at a time.  Truth is, at bottom, temporally-relative, and the class of propositions true at one time may differ - and indeed, must differ - from the class of propositions true at any other time.

The other crucial semantical conclusion that is grounded in the above account of the nature of facts is that there are three truth-values that propositions may have.  This conclusion rests upon two closely related ontological theses developed above:  first, the thesis that while there are past facts and present facts, there are no future facts; and secondly, the thesis that what facts there are is not independent of time, and that, in particular, the passage of time is accompanied by an increase in the totality of tenseless facts.  These two ontological theses also provide the grounds for the specific version of the correspondence theory mentioned above.

4.3  The Metaphysical Status of the Third Truth-Value

How are the three truth-values to be viewed?  What I want to suggest is that it is illuminating, in a number of respects, if one views the third truth-value - indeterminateness - as metaphysically inferior to the other two.  In particular, try thinking of truth and falsity as the 'metaphysically real' truth-values, and indeterminateness as simply the absence of both truth and falsity, as a truth-value gap.  One thing that this will do is to enable one to make sense of the fact that while tenseless propositions that have the truth-value indeterminateness may become either true or false, those that are either true or false can never change their truth-values.  For now this may be viewed as a matter of its being possible for a proposition which lacks a (genuine) truth-value to acquire one, but impossible for a tenseless proposition which has a (genuine) truth-value ever to lose it.

A second advantage that accrues from this discrimination against the third truth-value is that one can offer a rationale for the procedure that is implicit in the construction of the three-valued truth-tables for the logical connectives.  Consider, for example, the table for disjunction.  The part of the table that agrees with the corresponding truth-table in two-valued logic poses, of course, no problem.  If these were not the same, it would be impossible to hold that one was dealing with the same logical connective.  So part of the three-valued truth-table for disjunction will certainly be as follows:
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How are the remaining entries to be filled in?  If one thinks of the truth-value, i, as really indicating a truth-value gap, then it is natural to consider how the truth-value of the disjunction will turn out given the different possible ways of filling in those truth-value gaps.  If the same truth-value results for every possible filling in, then one can take that truth-value as the appropriate entry.  Thus, for example, in the case where p has the truth-value t, and q the truth-value i, the appropriate truth-value for the disjunction is t, since that will be the truth-value it will receive when q's truth-value gap is filled in either by the truth-value t, or by the truth-value f.  On the other hand, if some replacements of the truth-value i by the truth-values t and f result in the disjunction's being true, and others in its being false, then the appropriate entry for the relevant point in the table is i, since the assignment of either t or f would mean that there could be tenseless statements which possessed different (genuine) truth-values at different times.  The case where p has the truth-value f, and q the truth-value i, will be such a case, and so the appropriate entry for that point in the truth-table will be i.

A third advantage is that this way of viewing the three truth-values provides a rationale for the account that is needed in the case of logical truth.  In two-valued logic, the tautologies are the statements that turn out to be true under every possible assignment of truth-values to their elements.  But this is not the case in three-valued logic.  If, for example, p has the truth-value i, then so does 'p or not p'.  But it is well known that if one applies van Fraassen's method of supervaluations,
 one captures, within a three-valued logic, precisely those propositions that are logical truths within two-valued logic.  The method of supervaluations involves considering, however, what happens when truth-value gaps are filled in.  The upshot, therefore, is that within a three-valued logic, logical truths are those propositions that are true under any assignment of 'genuine' truth-values to their components.  Consequently, given an appropriate, and quite natural understanding of the expression 'possible world', it remains true in a three-valued logic that logical truths are those propositions that are true in all possible worlds.

4.4    The Question of Truth-Functionality

We are now in a position to turn to crucial question of the truth-functionality of what are usually referred to as the truth-functional connectives.  Consider, then, the difference between two-valued logic and three-valued logic.  In the context of two-valued logic, what one normally refers to as truth-functional connectives are indeed fully truth-functional.  Given the truth-values of the components of any complex proposition, the relevant truth-tables necessarily assign the correct truth-value to the complex proposition.  But in the context of three-valued logic, this may sometimes fail to be the case.  In particular, if the complex proposition is a logical truth, such as 'p or not p', there will be assignments of truth-values to its components such that the relevant truth-tables do not assign the value, truth, to the complex proposition.

4.4.1     Factual Truth and Logical Truth

Let us now turn to the details.  The starting point of the above objection is certainly correct.  For, on the one hand, in the case of two-valued logic, what are normally referred to as truth-functional connectives are indeed fully truth-functional.  Given the truth-values of the components of any complex proposition, the relevant truth-tables necessarily assign the correct truth-value to that proposition.  By contrast, in the case of three-valued logic, when one is dealing with truth at a time, what purport to be the ordinary logical connectives are not always fully functional with respect to truth-values at a given time.  In particular, if the complex proposition is a logical truth, such as 'p or not p', there will be assignments of truth-values at a given time to its components such that the relevant truth-tables do not assign the value, truth, to the complex proposition, at the time in question.

It certainly seems very plausible, initially, to conclude that this feature points to a defect in three-valued logic.  But I believe that further reflection shows that that is not the case.  For I think that a very strong argument can be mounted for the initially surprising conclusion that truth-functionality is not a defining property of the ordinary logical connectives.

The place to begin is with the distinction between, on the one hand,  factual truth, and factual truth at a time, and, on the other hand, logical truth.  Factual truth, and factual truth at a time, as they will be understood here, are both a matter of correspondence between a proposition and the world, or between a proposition and the world as it is as of a given time.  Thus, in the case of factual truth simpliciter, a proposition (or statement, or sentence, etc.) is factually true if, and only if, there is some external truthmaker for it - that is, if and only if there is some fact outside of the proposition itself that suffices to ensure that the proposition is true.  Similarly, in the case of factual truth at a time, a proposition is factually true at a given time if, and only if, some external truthmaker for it is actual as of the time in question.  Logical truth, on the other hand, does not require any correspondence with an external truthmaker:  a proposition's being logically true is simply a matter of the logical form of the proposition itself.

At this point, I think that it will be very helpful to adopt a certain terminological convention.  In the case of two-valued logic, I shall be referring frequently to truth-values, and factual-truth-values.  In the case of three-valued logic, on the other hand, the relevant concepts are instead truth-values-at-a-time, and factual-truth-values-at-a-time.  It will greatly simplify the discussion, however, if I refer in both cases to truth-values and factual-truth-values, taking it as understood that in the case of three-valued logic all such references have to be viewed as implicitly indexed to some specific time.

It is important to notice that the above characterization of the concepts of factual truth and logical truth does not make them mutually exclusive concepts.  For a proposition is factually true if there is some fact outside of it that suffices to ensure that the proposition is true, and this may be so without its being the case that the fact in question is necessary, in the circumstances, for the truth of the proposition.  As a consequence, it is possible for a proposition to be both factually true and logically true.  Indeed, in the case of two-valued logic, every logical truth will also be a factual truth.  This will not, however, be so in the case of three-valued logic, where it is possible for a proposition to be logically true without being factually true at a given time.

Consider, for example, the proposition that unicorns either exist or do not exist.  This is a logical truth, but, given a two-valued logic, it must also be factually true, since one of its disjuncts must be such that the way the world is makes that disjunct true, and anything that makes one of the disjuncts true must also serve to ensure that the disjunction is true.  So there is, in the world, a truthmaker for the disjunction, and this means that, according to the above definition, it is factually true.  By contrast, the disjunction may very well not be factually true at a given time, for there need not be any state of affairs that is actual as of a given time that suffices to make either disjunct true.

4.4.2     The Logical Connectives as Functions with Respect to Factual Truth

Given the above accounts of factual truth and logical truth, consider the familiar 'truth-functional' connectives.  Those connectives are certainly truth-functional within two-valued logic.  But they also have another property - namely, they are functions with respect to factual-truth-status.  For if one takes the familiar truth-tables, and replaces all of the references to truth and falsity by references to factual truth and factual falsity, the resulting 'factual truth-tables' are sound:  given any specification of which of the components of some complex proposition are factually true, or factually false, those tables will correctly specify whether the complex proposition is factually true or factually false.

To see why this is so, one needs to establish the following two important claims:

(1)  p is true simpliciter if, and only if, p is factually true simpliciter;

(2)  p is false simpliciter if, and only if, p is factually false simpliciter.

The 'if' part of each of these claims is trivial.  For being factual true was defined in terms of there being a state of affairs in the world that suffices to ensure that the proposition in question is true.  So a proposition cannot be factually true without also being true.  Similarly, a proposition cannot be factually false without also being false.

The 'only if' claims, however, do require an argument, which is as follows.  Suppose, that p is any true proposition and consider all of the atomic propositions that are relevant to proposition p.  Each of these must, in a two-valued system, be either true or false.  The truth-values of those atomic propositions suffice to make it the case, moreover, that p is true, in virtue of the relevant truth-tables.  But since those propositions are atomic, none of them can be true, or false, in virtue of logical form.  So each is either factually true or factually false.  But then the set of facts in the actual world that makes each of those atomic propositions either factually true or factually false must, together with the relevant truth-tables, also suffice to ensure that p is factually true.  So the fact that atomic propositions can be true or false only by being, respectively, factually true or factually false, entails that a complex proposition can be true only if it is also factually true.  And a precisely parallel argument shows that a complex proposition can be false only if it is also factually false.

The fact that (1) and (2) are true entails that one can, in the familiar two-valued truth-tables for the connectives, replace all references to truth and falsity by references to, respectively, factual truth and factual falsity, and generate, thereby, tables that are also correct.  So within two-valued logic, the logical connectives are not merely functions with regard to truth-values: they are also functions that correctly map the factual-truth-values of atomic propositions into the factual-truth-values of more complex propositions.

But what is the situation in the case of three-valued logic when one is dealing not with truth simpliciter, but with truth at a time?  The answer is that within three-valued logic the connectives are also functions that correctly map the factual-truth-values of ordered sets of propositions at a given time into the factual-truth-values of more complex propositions at the time in question.  The type of argument that was just set out in the two-valued case cannot, however, be paralleled in the three-valued one, since the thrust of that argument was that if the logical connectives are truth-functional, they must also be functions with respect to factual-truth-status.  Since, as we saw earlier, the logical connectives are not truth-functional in the three-valued case, a different line of argument is obviously needed.

The desired result can, however, be established along the following lines.  First, recall the method for constructing truth-tables for three-valued logical connectives that was described earlier.  The basic ideas were, first, that the three-valued truth-tables are to agree with the corresponding two-valued tables whenever the third truth-value is not involved, and, secondly, that, when one or more of the component propositions does have the third truth-value, the correct truth-table entry is to be determined by considering all possible ways of replacing the third truth-value, indeterminateness, by either truth, or falsity.  If the compound proposition is true under every such replacement, the correct truth-table entry at the relevant location is truth.  Similarly, if the compound proposition is false under every such replacement, the correct truth-table entry at the relevant location is falsity.  Finally, if the compound proposition is true given some replacements, and false given others, then the correct truth-table entry is the third truth-value - indeterminateness.

Secondly, consider all of the three-valued logical connectives whose truth-tables can be constructed in this way on the basis of any truth-functional, two-valued connective.  Is it the case that all of them are functions with respect to factual-truth-status at a time?  The answer is that this is not the case.  But, while certain three-valued connectives are not functional with respect to factual-truth status, it can be argued that those ones can be set aside without loss, on the grounds that they turn out to be in a certain sense trivial.  It can then be shown that the remaining, non-trivial three-valued logical connectives are functional with respect to factual-truth-status at a time.

Let us now turn to the details of this argument.  Consider, then, any three-valued logical connective that has been constructed on the basis of some two-valued truth-functional connective in the way just described.  If one starts from any two-valued truth-function that might naturally be viewed as a logical connective, there is no problem, as we shall see shortly.  But if one works simply with the general idea of any mapping from n-tuples of truth-values into truth-values, it is important to notice that certain two-valued truth-functions must be excluded.  These are the constant functions - that is, those truth-functions that map all n-tuples of truth-values into the same truth-value.  The reason that they must be excluded is as follows.  First, when a three-valued connective is constructed, in the manner described above, on the basis of any constant, two-valued, truth-function, the resulting three-valued connective will also be a constant function, since, given that the two-valued function is a constant function, the same truth-value will result no matter how occurrences of the third-truth value in any n-tuple are replaced by truth or falsity.

Secondly, if the three-valued function must also be a constant function, this implies, in particular, that the resulting three-valued connective must map the n-tuple, all of whose elements are identical with the third truth-value, either into truth or into falsity, rather than into the third truth-value.

But then, thirdly, when truth, falsity, and indeterminateness are replaced throughout by factual truth, factual falsity, and factual indeterminateness, the resulting connective will not be sound.  The reason is that the existence of such a connective would imply that, given only the fact that a number of propositions are factually indeterminate at a time, it follows that there is some proposition that is factually true at that time (or factually false at that time), and that is obviously impossible:  the absence of states of affairs that would render certain propositions true, or false, cannot entail the existence of a state of affairs that makes some other proposition either true, or false.

Consequently, constant functions must be excluded if the claim is to be sustained that, when the familiar logical connectives, truth-functionally interpreted, are extended from the two-valued case to the three-valued case, they will be functional within three-valued logic with respect to factual-truth-status at a time.  But, given that the constant functions are not even such as it is natural to classify as logical connectives, let alone as functions that correspond to any standard logical connectives, their exclusion cannot, I should think, be the basis of any interesting objection to three-valued logic.

What has to be shown, accordingly, is that any three-valued logical connective that has been constructed on the basis of some non-constant, two-valued truth-functional connective in the way described earlier is functional with respect to factual-truth-status at a time.  To do this, we need to consider three cases: first, where an n-tuple of factual-truth-values at a time is mapped into the value, factual truth at that time; secondly, where the mapping is into factual falsity at that time; and, finally, where the mapping is into factual indeterminateness at that time.

First, then, consider a case where some n-tuple of factual-truth-values at a time is mapped into the value of factual truth at that time, and let us ask whether that type of mapping could possibly be unsound.  The crucial point to notice is that, given the earlier exclusion of constant functions, it cannot be the case that all of the elements of the n-tuple are identical with the third truth-value.  The reason is connected with the fact that the method of constructing the three-valued logical connectives involves assigning the value truth at a time to a given location in the three-valued truth-table only if every way of filling in the relevant truth-value gaps - that is, of replacing occurrences of the third truth-value by one of the other two truth-values - results in the value truth.  Given this method, any three-valued logical connective that mapped an n-tuple, every element of which was identical with the third truth-value, into either of the other two truth-values would have to be a constant function.

Consequently, at least one of the elements in any ordered n-tuple that gets mapped into factual truth at a time must be identical either with factual truth at a time or with factual falsity at a time.  We can consider, then, the ordered set of all the elements of the n-tuple in question that are not identical with the third truth-value, and we now know that that set cannot be empty.  But we also know that, if any  element of the n-tuple that is identical with the third truth-value were to be replaced by either of the other two truth-values, the mapping in question would also have to take the resulting n-tuple into the value, factual truth at a time, in virtue of the second rule for constructing the three-valued truth-table.  This means that the ordered set of all the elements of the n-tuple in question that are not identical with the third truth-value suffices by itself to determine the truth-value into which the n-tuple is mapped.  Therefore, given that the ordered set of propositions that corresponds to that ordered set of truth-values consists of propositions all of which are either factually true at the time or factually false at the time, the world as it is as of the time in question must contain states of affairs that suffice to ensure that the complex proposition that is constructed out of simpler propositions via the logical connective in question is true at the time.  It therefore follows that that complex proposition is, by definition, factually true at the time in question.

A precisely parallel argument applies to the case of any mapping from an n-tuple of factual-truth-values at a time into factual falsity at a time.  Accordingly, we are left only with the case of the mapping of an n-tuple into the truth-value of factual indeterminateness at a time.  Here the argument is simply that, since the procedure for constructing the three-valued truth-tables assigns the value indeterminateness only if some ways of filling in the truth-value gaps result in the value truth, while others result in the value falsity, the states of affairs that make it the case that the n-tuple contains elements that are identical either with factual truth at a time, or with factual falsity at a time, cannot be sufficient to ensure that the complex proposition in question is either true or false, and it therefore follows that that proposition is, by definition, factually indeterminate at the time in question.  So the mapping does assign the correct factual-truth-value in this case as well, and this completes the proof that any three-valued logical connectives that are constructed, in the manner indicated above, from any two-valued logical connectives - aside from the case of those trivial 'logical connectives' that correspond to constant truth-functions - must be functions with respect to factual-truth-values at a time.

The overall conclusions to this point, accordingly, are as follows.  First, if one takes the familiar truth-table definitions of the logical connectives, and extends them to the three-valued case, the resulting definitions are not sound - for, as we have seen, the connectives in question are not truth-functional in the case of three-valued logic.  Secondly, however, if one interprets the tables as dealing not with truth-values, but with factual-truth-values, the resulting definitions are sound - for the logical connectives are functions with respect to factual-truth-values in both the two-valued case and the three-valued case.

4.4.3     The Basic Property of the Logical Connectives

Given that the familiar logical connectives are, in the two-valued case, not only functions that map the truth-values of constituents into the truth-values of complex propositions, but also functions that correctly map the factual-truth-values of constituents into the factual-truth-values of complex propositions, the question arises as to which of these two properties one should take as defining the logical connectives:  truth-functionality, or factual-truth-functionality?

The fact that the meanings of the logical connectives are typically explained by means of truth-tables makes it very natural to hold that it is truth-functionality that should be taken as defining the familiar logical connectives.  But then one needs to consider what one is to say about the case of someone who accepts a dynamic view of the world according to which the future is not now real, and who maintains, for example, that, although the sentence 'Either there are unicorns in the year 2000 or it is not the case that there are unicorns in the year 2000' is true now, neither of the disjuncts of that sentence is true now.  If one holds that truth-functionality is the very essence of the familiar logical connectives, one is forced to conclude that the person in question must either be saying something that is simply self-contradictory, or else he or she must be using the word 'or' in some eccentric way.

How plausible are these two alternatives?  According to the first, philosophers who accept a certain dynamic view of the world are committed to views that are not only self-contradictory, but are so in a very straightforward and immediate way.  According to the second, a philosopher who shifts from a dynamic view of the world to a static one, or vice versa, must change the meanings that he or she assigns to the familiar logical connectives on making that shift.  Neither of these hypotheses, I suggest, is really very plausible.

What about the other alternative?  If it is factual-truth-functionality, rather than truth-functionality, that is the defining property of the familiar logical connectives, then the above utterance is not self-contradictory, since, when the logical connectives are defined by means of factual-truth-tables, it turns out that they are not truth-functional within the three-valued context that one has when one is dealing with truth at a time.  But what happens if one shifts from a dynamic view of the world to a static one, or vice versa?  Can one avoid having to reinterpret the logical connectives?

The answer to this question turns upon whether, if factual-truth-functionality is taken as the defining property of the logical connectives, it follows that the logical connectives, thus understood, are truth-functional within a two-valued context.  Is this the case or not?  The answer is that, when the logical connectives are defined as factual-truth-functions, it does turn out that they are also truth-functions, in the two-valued case, since this follows from two propositions that were established in the preceding section, namely:

(1)  p is true simpliciter if, and only if, p is factually true simpliciter;

(2)  p is false simpliciter if, and only if, p is factually false simpliciter.

For if the logical connectives are defined as functions that map factual-truth-values into factual-truth-values, it follows, given (1) and (2), that in a two-valued context they also map truth-values into truth-values.  Factual-truth-functionality entails truth-functionality within two-valued logic.

5.  Conclusion

To sum up.  The view that the defining property of the logical connectives is that they are truth-functions leads to unacceptable consequences when one considers the possibility that the world is a dynamic one.  By contrast, the view that the defining property of the logical connectives is that they are functions with respect to factual-truth-values enables one, first of all, to assign coherent sense to propositions advanced by those who hold that the future is not now real; secondly, to interpret the logical connectives in the same way regardless of whether one adopts a dynamic view of the world, or a static one; and, thirdly, to explain why it is that the logical connectives are truth-functional within two-valued logic, but not within three-valued logic.  As a consequence, there seems to be excellent reason for accepting the view that it is factual-truth-functionality, rather than truth-functionality, that is the basic property of the logical connectives, and thus for concluding that the fact that the familiar logical connectives are not truth-functional within three-valued logic is no reason for thinking that three-valued logic is in any way problematic.

The truth-functionality objection can, therefore, be set aside, and, along with it, the other four objections to three-valued logic that were mentioned earlier, and which, as we saw, ultimately depend upon the truth-functionality objection.  Three-valued logic is, I therefore suggest, innocent of all charges of logical impropriety.
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