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                                     THE CAUSAL-PROCESS-CHANCE-BASED 

                                          ANALYSIS OF CONTERFACTUALS
Section 1: Introduction*             In this paper I consider an easier-to-read and improved to a certain extent version of the causal chance-based analysis of counterfactuals that I proposed and argued for in my A Theory of Counterfactuals.1 Sections 2, 3 and 4 form Part I: In it, I survey the analysis of the core counterfactuals (in which, very roughly, the antecedent is compatible with history prior to it). In section 2 I go through the three main aspects of this analysis, which are the following. First, it is a causal analysis, in that it requires that intermediate events to which the antecedent event is not a cause be preserved in the main truth-condition schema. Second, it highlights the central notion to the semantics of counterfactuals on the account presented here -- the notion of the counterfactual probability of a given counterfactual, which is the probability of the consequent given the following: the antecedent, the prior history, and the preserved intermediate events. Third, it considers the truth conditions for counterfactuals of this sort as consisting in this counterfactual probability being higher than a threshold. In section 3, I re-formulate the analysis of preservational counterfactuals in terms of the notion of being a cause, which ends up being quite compact. In section 4 I illustrate this analysis by showing how it handles two examples that have been considered puzzling – Morgenbesser's counterfactual and Edgington's counterfactual.

Sections 5 and on constitute Part II:  Its main initial thrust is provided in section 5, where I present the main lines of the extension of the theory from the core counterfactuals (analyzed in part I) to counterfactuals (roughly) whose antecedents are not compatible with their prior history. In this part II, I elaborate on counterfactuals that don't belong to the core, and more specifically on so-called reconstructional counterfactuals (as opposed to the preservational counterfactuals, which constitute the core counterfactual-type). The heart of the analysis is formulated in terms of processes leading to the antecedent (event/state), and more specifically in terms of  processes likely to have led to the antecedent,  a notion which is analyzed entirely in terms of chance. It covers so-called reconstructional counterfactuals as opposed to the core, so-called preservational counterfactuals, which are analyzed in sections 2 and 3 of part I. The counterfactual probability of such reconstructional counterfactuals is determined via the probability of possible processes leading to the antecedent weighed, primarily and roughly, by the conditional probability of the antecedent given such process: The counterfactual probability is thus, very roughly, a weighted sum for all processes most likely to have led to the antecedent, diverging at a fixed time. In section 6 I explain and elaborate further on the main points in section 5.
 In section 7 I illustrate the reconstructional analysis. I specify counterfactuals which are so-called process-pointers, since their consequent specifies stages in processes likely to have led to their antecedent. I argue that so-called backtracking counterfactuals are process-pointers counterfactuals, which fit into the reconstructional analysis, and do not call for a separate reading.
 I then illustrate cases where a speaker unwittingly employs a certain counterfactual while charitably construable as intending to assert (or ‘having in mind’) another. Here I also cover the issue of how to construe what one can take as back-tracking counterfactuals, or counterfactuals of the reconstructional sort, and more specifically, which divergence point they should be taken as alluding to (prior to which the history is held fixed). Some such cases also give rise to what one can take as a dual reading of a counterfactual between preservational and reconstructional readings. Such cases may yield an ambiguity, where in many cases one construal is dominant. In section 8 I illustrate the analysis by applying it to the famous Bizet-Verdi counterfactuals.

This detailed analysis of counterfactuals (designed for the indeterministic case) has three main distinctive elements: its being chance-based, its causal aspect, and the use it makes of processes most likely to have led to the antecedent-event. This analysis is couched in a very different conceptual base from, and is an alternative account to, analyses in terms of the standard notion of closeness or distance of possible worlds, which is the main feature of the Stalnaker-Lewis-type analyses of counterfactuals. This notion of closeness or distance plays no role whatsoever in the analysis presented here.2 (This notion of closeness has been left open by Stalnaker, and to significant extent also by Lewis's second account.3)

PART I: THE CORE CLASS OF COUNTERFACTUALS -- PRESERVATIONAL COUNTERFACTUALS.
Section 2: The casual-chanced-based analysis for counterfactuals of the core class -- the preservational counterfactuals                     The most important use of counterfactuals and a most important use of causation has to do with human actions (or absence of them) and their consequences. In the casual case, the human actions are candidates for being causes, and in the counterfactual case, they are specified by counterfactual antecedents followed by their counterfactual consequences. We shall characterize now the counterfactuals of the core group and their truth conditions. Those are counterfactuals A>C satisfying the following constraints. First, A and C are false, and the events specified by their negations are factual4 (and thus actual). The second constraint is temporal: the counterfactual must be in 'standard' temporal order, i.e. the antecedent is temporally prior to the consequent.5 The third and final constraint is that such counterfactuals are to be construed so that history prior to their antecedent is preserved (held fixed). Counterfactuals for which the prior history is not preserved will be discussed and analyzed in section 5. 

For our purposes here, it will suffice to say that the antecedent of a core counterfactual must be roughly nomically possible given the world history (or 'thick' state) prior to it.6  In counterfactuals with reverse temporal order – temporally reversed counterfactuals, which include so-called backtracking counterfactuals, the consequent is temporally earlier than the antecedent, and they are to be analyzed along the lines of the analysis of the non-preservational class of counterfactuals, discussed in section 5. (Being read in a non-backtracking way is a requirement that Lewis imposed explicitly for counterfactuals suitable for his analysis of causation.  The motivation is straightforward, since otherwise, without a restriction to such an effect, on a backtracking interpretation, two causally independent7 effects of a single common cause may come out such that the earlier is a cause of the later via a back-tracking counterfactual reasoning from one effect to the other via the common cause. But backtracking counterfactuals, I hold, are a distinct syntactical sub-group of temporally reversed counterfactuals, and contrary to Lewis' position, they don't have distinct interpretation but fall under the interpretation of counterfactuals of the reconstructional sort – see below.)

The core counterfactuals, I have argued in A Theory of Counterfactuals (to be abbreviated as: ATC),8 are to be construed so that the history prior to their antecedent is preserved. In an indeterministic case,9 which the sole focus of this paper, they consist, roughly speaking,10 of counterfactuals whose antecedent is compatible with the prior history of the world – the history prior to the event as specified by the negation of the antecedent.11 I will shortly spell out their truth conditions.  In view of this feature, they can be called preservational counterfactuals, or counterfactuals read under a preservational construal or reading.12  This preservational reading is to be contrasted primarily with a reading in which the prior history is not fully preserved. Non-preservational counterfactuals (whose antecedents and consequents are factual and nomically and metaphysically possible – on which we will focus below) do not accommodate the preservation of the history prior to the antecedent, on pains of nomic incompatibility. On my account of such non-preservational counterfactuals, the prior history is reconstructed  along specific lines that will be discussed in section 5 below (part II).13 Such an account may thus be called the reconstructional account. I have argued that the preservational reading is a special case, though the most important and prevalent one, of the reconstructional reading.14 The reconstructional reading make room for reconstructional counterfactuals (counterfactuals construed under the reconstructional reading). 

     In the remainder of this part I we shall focus on preservational counterfactuals. Consider then such counterfactuals ~A> C  (A true). If we construe counterfactuals as governed by an inferential schema on which the counterfactual consequent is represented as inferable on the basis of certain implicit premises (that is, typically not explicitly specified by the user of the counterfactual), the main question is what the schema's implicit premises are. On this conception, the counterfactual ~A > C (A true) is true iff:

         {~A} U ... --> C.

(‘−L→’  means inferability through the laws L.)  The main problem is to specify what should 
be retained among the implicit premises from the actual history of the world during the (tA,tC)15 interval -- the intermediate history WA,C16 -- once the counterfactual hypothesis ~A is contemplated. Obviously, the truth value of the counterfactual depends, and strongly so, on what actually transpires during this interval: Different intermediate histories may yield different truth values for a given counterfactual with the same prior history. Hence analyses of counterfactuals such as that of Lewis and others,17 which are explicitly independent of WA,C will not do.18 

     The analysis of counterfactuals A>C on the preservational reading can, then, be presented, first schematically, as follows (where A and C19 are factual20):  

(1)     A + WA + {specifications of actual intermediate events E such that …} -L-> C,

where ‘-L- >’ stands for nomological inferability, and WA is the prior history -- the actual history prior to the antecedent A.21 The incomplete phrase in the curved parentheses is intended to specify a sub-set of intermediate events, which will be specified soon. The intermediate interval is the interval that starts at the beginning of the temporal interval to which A pertains and ends at the upper end of the temporal interval to which the C-event pertains, and will be denoted as the (tA, tC) interval.  The set of intermediate events are the appropriate set (specified below) that pertain to the intermediate interval. Thus, for preservational counterfactuals, schema (1) encodes the so-called 'implicit premises' as the ones indicated in the curved parentheses.
    But objective inferability -- suitable for specifying truth-conditions for counterfactuals, should, I hold, be construed in terms of objective chance. So consider a chance function P(C/Wt), that yields the chance of C given a world history Wt (or alternatively, a 'thick' world state just prior to t).22 So (1) can be formulated as:

(1')    P(C/A + WA + { actual intermediate events E such that …}) is high enough.23 

     I have argued at length24 that the two conditions that specify the requisite intermediate events alluded to in the curved parentheses in schema (1) are the following two. The first, which is by far the more central one, is:

1. Actual events to which ~A is causally irrelevant;
The second, which is significantly less important, and presumably harder to argue for, is:
2. Actual intermediate events to which ~A is purely negatively causally relevant.25
This is so in view of the claim of a strong constraints to the effect that the (actual) intermediate events that must be held fixed are events that would have still been the case had the antecedent been true. And indeed, if (the actual) ~A is causally irrelevant to E, then had A been the case, E still would have been the case. And if ~A is purely negatively causally relevant to E, then, had A been the case, a fortiori E would still have been the case.  Let me elaborate.26  Consider:
EXAMPLE 5. Suppose x is standing near the upper portion of the elevator shaft of the Hancock building in Boston, which happens to be empty all the way down. x holds a large sheet of paper in his hand. In fact:
            A – x does not drop the sheet of paper at t, 
and consequently:
             C – the sheet of paper does not fall to the ground level.

     Consider now the counterfactual ~A > ~C (had x dropped the sheet of paper at t, it would have fallen 

to the ground level). y is standing on the 5th floor holding a barrier that, once inserted, completely cuts off the upper portion of the elevator shaft from the lower portion. Now consider the counterfactual  under two different courses of events in the interval between A and C. In course 1, the intermediate event B occurred:
                       B – y inserts the barrier across the shaft at t +dt .

(The occurrence of B  is independent of what x does with his sheet of paper.)  In course 2, y does not insert the barrier. In course 2, the counterfactual ~ A > ~ C is true. But in course 1, ~A > ~C is false, in view of B.  Hence the truth value of the counterfactual clearly depends on the intermediate course of events.

.............................
     In general, of course, when we are still arguing the case of which statements describing the intermediate history27 should be retained as premises in the inferential schema (and thus held fixed), we are aware that the entire intermediate history need not be compatible with ~A. Thus, the above obvious suggestion that what should be retained from the intermediate history once the counterfactual hypothesis ~A is entertained is  all the true statements that would still have been true had ~A been the case. Namely, what should be retained are the consequents of true semifactuals ~A > E, where E is in WA,C. (A semifactual is a counterfactual with a true consequent.) We thus need to have a closer look at semifactuals of this sort. 

    Semifactuals fall into three groups. The first are semifactuals ~A > E such that A is causally irrelevant to E28 (in other words, such that E is causally independent of A). Call such semifactuals irrel-semifactuals. The important thing about such semifactuals is that A's being causally irrelevant to E is a sufficient condition for the semifactual ~A > E's being true. Hence all irrel-semifactuals are true.
As an example of an irrel-semifactual, consider the following example:

EXAMPLE 6. The American astronaut on board the Mir space-craft in 1998 was eager to return to earth during the week prior to the rendez-vous of Mir and the shuttle. However, prior to that, I sneezed (at t ). Had I not  sneezed at t , that astronaut would still have been eager to return to earth.  This semifactual is true, and the fact that I sneezed at t  was causally  irrelevant to the later fact that the astronaut was eager to return. This is  thus an irrel-semifactual, and, as such, true. In Example 5 above, regarding the elevator shaft in the Hancock building, in course 1, in which B holds (B - y inserts the barrier across the elevator shaft at t+dt), the semifactual ~ A > B (i.e., had x dropped the sheet of paper at t, y would still have inserted the barrier across the elevator shaft at t+dt) is an irrel-semifactual (since B was causally independent of A) and thus, as such, true. Consequents of irrel-semifactuals are to be retained among the implicit premises of schema (1) above.29
    The second group, which is of lesser significance, is made up of semifactuals ~A > E such that A has purely negative causal relevance to E. Purely negative causal relevance amounts to some negative causal relevance with no positive causal relevance.30  The important thing about such semifactuals is that they are also all true: A’s having purely negative causal relevance to E is a sufficient condition for the semifactual ~A > E's being true.31 Call such semifactuals pn-semifactuals  (pn – for purely negative).32  As an example of a pn-semifactual, consider the following:
EXAMPLE 7. x shot y (E); but z struggled to prevent x from shooting (A), unsuccessfully. Had z not struggled to prevent x from shooting, a fortiori x would have shot y. This semifactual is true. A, the fact that z struggled to prevent x from shooting, was purely negatively causally relevant to E – the fact that x shot y. ~A > E here is thus a pn-semifactual, and as such true.

    Consequents of pn-semifactuals likewise should also be retained among the implicit premises of schema (1). 

      The members ~A > E of the remaining set of semifactuals may be true or false. Their crucial feature is that their truth-conditional behavior is just like that of non-semifactual counterfactuals: Their consequents do not belong to the  implicit premises, and thus are not privileged in the way that the above two  sets of semifactuals are. Let us therefore call them counterfactual-type-semifactuals; for short: con-type-sems, abbreviated further as: cts. Thus, the consequents E of true con-type-sems ~A>E are not to be retained in schema (1) above: their truth value is determined  non-trivially through their own inferential schemata (the analogues of (1)) –  namely, through the retention of WA and of consequents of irrel-semifactuals and pn-semifactuals with consequents in WA,E.33
    The division of such true semifactuals ~A > E (with E in WA,C) into these three categories is thus exhaustive and exclusive. We can therefore complete the above inferential schema for counterfactuals in the following way (A being true):  
                  ~A > C is true iff 
                                                                           the set of true statements E in WA,C 

 (2)                            {~A} U WA U   { where A is causally irrelevant or purely  }     --L-->C.

                                                                     negatively causally relevant to E
    To further illustrate and make plausible the importance of the crucial thesis regarding the retention of consequents of irrel-semifactuals, consider the following: 
EXAMPLE 8.34 Someone (x) contemplates selling certain stocks. After deliberating, x instructs his agent (at t1 ) to sell (A).35  At t2  (a couple of days later) the stock market skyrockets (E). At t3  (the following day) it would (under a plausible fleshing out of the case) be true to say: Had x not sold his stock, he would have been able to retire. But for this intuitively true counterfactual to come out true on the above inferential schema (1), the event E – the stock market skyrockets at t2  – must be retained among the true statements from which the counterfactual consequent is to be inferable (through the laws – see schema (1). And indeed, the actual A is causally irrelevant to E. Just A and its prior history WA do not suffice to yield the consequent ~C (C -- x is not able to retire) through the laws.36 A different intermediate history WA,C that does not include events such as E would not uphold this counterfactual. This example thus also establishes that the truth of ~A > ~C hinges on whatever transpired between A and C -- in particular, on events such as E. Hence, the truth-conditions of ~A > ~C must be a function of WA,C. An analysis which is not a function of WA,C therefore will not do (e.g., Lewis’s Analysis 1, which is not a function of the intermediate history WA,C ).37
      To illustrate further the importance of the retention of consequents of pn-semifactuals, consider the following example. An architect participated in a competition to design a museum. His design for the museum included elaborate ornamentation (A). The task of the board of the new museum was to choose a design from those submitted and the architect who submitted it as one package: the architect selected would be awarded a contract to build the museum according to the design he submitted.38  The board, however, was reluctant to agree to the extra cost involved in elaborate ornamentation. The design competition was fierce. Yet, nevertheless, the board  selected the above architect to build the museum (E). Thus, had the architect submitted his design without the ornamentation, a fortiori the board would have selected him to build the museum. The architect indeed built the museum as designed. But had his design for the museum not included the ornamentation, the architect would have then built the museum without the ornamentation. This counterfactual is indeed true. But for the counterfactual to come out true according to schema (1), information to the effect that E  must be retained in the antecedent of schema (1). The fact that the design of the above architect for the museum included the ornamentation (A) had purely negative causal  relevance to the fact that the board selected him to build the museum (E). Hence the consequents of pn-semifactuals must be retained for schema (1) to  correctly capture the truth conditions of counterfactuals of this sort. Indeed, the semifactual [image: image1.png]


‘had the design of the above architect for the museum not included the ornamentation, a fortiori the board would have selected him to build the museum’ is a pn-semifactual, and as such true (the construction ‘If ..., then a fortiori _ _ _’ is typical for pn-semifactuals.)

    Lewis ignores the events in the (tA ,tC) interval, preserving only the history prior to A and the laws.39 As a result, his theory cannot in general handle cases that rely on the preservation of the above sets of statements describing intermediate events. Of course, for Lewis it would be conceptually difficult to accommodate such statements, since, in the first place, he does not seem to have a systematic conception of causal relevance.40 But, more seriously, causal relevance and purely negative causal relevance are causal notions, yet Lewis is committed to reducing causes to counterfactuals, while the approach presented here calls for a reductive effort in the opposite direction.41 
     The notion of purely negative causal relevance has cognates. Consider a counterfactual ~A > C (A being actual). In schema (2), true factual statements E in (tA,tC) to which the negation of the antecedent, i.e., A, is purely negatively causally relevant are preserved. Not to confer purely negative causal relevance to E is either to be causally irrelevant to E, or else to have some positive causal relevance to E. The notion of some positive causal relevance therefore resurfaces in straightforward compounds of the notions of purely negative causal relevance and causal relevance. This notion is, on my account, of the highest importance since, according to Thesis 7, being a cause is having some positive causal impact.
       Furthermore: on analysis (2) of counterfactuals, the statements to be preserved in the interval (tA ,tC) are the true ones to which A is causally irrelevant or purely negatively causally relevant. But they are thus just the true ones to which A does not have some positive causal relevance. Hence they are just the ones of which A is not a cause. Analysis (2) above can thus be reformulated as an analysis of counterfactuals in terms of cause.
    On the inferential schema as above, the counterfactual is true just in case  the consequent is inferable from the antecedent and the implicit premises.  Since we deal with an indeterministic world, inferability cannot be deductive. Otherwise, the counterfactual schema would not yield as true counterfactuals whose consequent is merely highly probable given the antecedent and the implicit premises. But such counterfactuals, when this probability is sufficiently high,  comprise the bulk of counterfactuals we intuitively consider true. True counterfactuals whose consequents are entailed nomologically by the antecedent and the implicit premises constitute but a meager fraction of the counterfactuals we consider true, in particular causal counterfactuals.
    Thus, the natural move is to consider inferability as involving sufficiently high objective probability or chance. Given the above analysis, the objective probability in question is the following: it's the chance of the consequent ~C given the antecedent ~A and the implicit premises, namely: 

       P(~C/~A.i-p),

(where i-p is the implicit premises42). For a counterfactual ~A>~C, the implicit premises are the ones specified above, namely, they consist of WA   and  the statements in WA,C , describing events that are causally in- dependent of A or to which A is purely negatively causally relevant. The probability here is conditional chance, devoid of any epistemic elements. This probability is an objective feature of the counterfactual, to be called the counterfactual probability of ~A>~C (not to be confused with the probability of the counterfactual).43 The natural move then is that the counterfactual is true just in case its counterfactual probability is high enough.44
   In the next section, I will proceed without relying on this aspect of the truth value of the counterfactual as involving a high enough counterfactual probability.45
Section 3: More on the causal aspect of this analysis of preservational counterfactuals: Analyzing them in terms of being a cause           I have provided a precise chance-based analysis of the notion of purely negative causal relevance.46 But the gist of the idea is as follows. Consider a causal relation between two actual events, F and G. In many cases, there would be specific causal routes in which the causal impact of F to G would be transmitted. Consider a case of mixed causal impact via two routes: in one, only positive causal impact is transmitted, in the other, only negative. Consider an agent who trained two dogs to snatch a ball and put in a hole, when it is thrown. There are two holes – one on the right, one on the left. One dog is trained to catch the ball and put it in the right hole, the other – in the left hole. Now the agent throws the ball. The two dogs rush to get it. Suppose the first dog gets it first, and inserts it in the right hole. So the agent's action had mixed causal impact on the ball landing in the right hole – some purely positive, via the first dog, some purely negative, via the second dog.

     Yet not all of the events that would have still been the case had the antecedent been true must be held fixed: only the ones belonging to the above two categories. The rest are counterfactuals that will come out true on the analysis below, not in virtue of being held fixed. This is the heart of avoiding what seems to be an infinite regress in view of the above formulations: in order to find out what intermediate events we have to hold fixed for A>C, we have to determine which intermediate events would still have been true had A been the case; and so on. By specifying the above two sets of intermediate events that must be held fixed, and by characterizing them in causal terminology, we bypass the threatening regression, and move to a causal analysis of counterfactuals. Consequently, (1) can be written as follows:



                  actual intermediate E to which the




(2*)    P(C/A + WA +    { A​-event is causally irrelevant or        })    is high enough.



                  purely negatively causally relevant

Elsewhere I have provided precise, probabilistic analyses for these notions of causal irrelevance and purely negative causal relevance.47 I will illustrate and motivate this schema in the next section. Call the events E in the bracketed parentheses (i.e., the ones fulfilling conditions 1. and 2. here) the  preserved intermediaries of schema (2*); in short P-I.48 The preserved intermediaries for the counterfactual A>C in this schema are a function of A and of tC-, which is the upper end of the interval to which C pertains.  C determines the upper edge of the intermediate interval, but the P-I are not otherwise a function of C.49  

   However, this schema can and should be recast and modified. The recasting has to do first with replacing the formulation of the specification of the preserved intermediaries in terms of causal irrelevance and purely negative causal relevance in (2*) by a formulation in terms of the notion of being a cause.  A thesis that underlies the probabilistic analysis of cause that I offered50 is:

(3)     A is a cause of C just in case A bears some positive causal relevance to C. 

And indeed events to which A bears some positive causal relevance within the class of actual intermediate events excludes the events to which A bears no causal relevance (i.e., which are causally independent of A) and events to which A bears purely negative causal relevance.

This thesis makes possible the reformulation of (2*) in the following way. 

(4)     P(C/A + WA + {actual intermediate E of which})   is high enough.



             the ~A-event is not a cause  

The reason that (4) follows from (2*) and (3) is as follows. A necessary condition for A’s being a cause of C is that A is causally relevant to C.  Purely negative causal relevance amounts to causal relevance with no positive causal relevance. So A is purely negatively causally relevant to E just in case A is causally relevant to E but it is not the case that A has some positive causal relevance to E. So in view of (3), A is purely negatively causally relevant to E just in case A is causally relevant to but A is not a cause of E. Hence together, the set of actual intermediate events E such that A is causally irrelevant to E or A is purely negatively causally relevant to E is the set of such E where A is not a cause of E.  Put differently, within the set of actual intermediate events E, the complementary set of the set of such events E to which A has some positive causal relevance, i.e., of which A is a cause, is the set of such events E to which A is either causally irrelevant or purely negatively causally relevant. The difference between schemata (2*) and (4) thus amounts to a re-characterization, yet an equivalent one, of the preserved intermediaries.

     I argued for analysis (2*) directly and via examples. 51 Analysis (4) can be argued for along similar lines, and so can thesis (3).52 Analysis (4) can thus stand on its own feet, and need not be considered, insofar as its confirmational status regarding its extensional adequacy is concerned, in terms of analysis (2*) and thesis (3). So henceforth I will ignore analysis (2*), and work directly with analysis (4).

One important consequence of (2*) as well as of (4) is the following:

(5)    If A is causally irrelevant to C, then ~A>C is true.

It is clear that (5) is true in terms of analysis (2*): If A is causally irrelevant to C, C qualifies as a preserved intermediary of ~A>C since it satisfies the bracketed clause of (2*), and as such it obviously satisfies schema (2*).53  In terms of analysis (4), if A is causally irrelevant to C, A is not a cause of C since causal relevance is a necessary condition for being a cause. Hence if A is causally irrelevant to C, C satisfies the bracketed clause of (4), and as such it also satisfies the bracketed clause of schema (2*).54  

The objective quantity associated with a given preservational counterfactual therefore consists in the conditional probability of its consequent on its antecedent together with its prior history and the intermediate preserved intermediaries. This conditional probability, construed in terms of chance, can be formulated as:

(6)   P(C/A.WA.P-I).

(Recall that 'P-I' abbreviates ‘preserved intermediaries’, i.e., intermediate events, which are actual events in the (tA,tC) interval, which are to be held fixed.) (6), however, is not context dependent, and is thus entirely objective,55 since it doesn't a resort to a threshold. We shall call (6) the counterfactual probability of the preservational counterfactual A>C. This counterfactual probability is constitutive of the counterfactual: it is its truth maker. 

    The transition from the counterfactual probability to the truth value of the counterfactual requires, however, a relativization to a threshold: the counterfactual is true just in case its counterfactual probability is above the threshold. That is: For a (preservational) counterfactual A>C:

(7)     A>C is true iff  P(C/A.WA.P-I) > r
for appropriate threshold r.  Namely: 

  A counterfactual A>C (of the preservational sort) is true iff:

(8)  P(C/A+WA+{actual intermediate E of})  > r.



      which A is not a cause  

Section 4: Morgenbesser's and Edginton's counterfactuals                Consider the application of the above analysis to two well-known examples. We'll start with a Morgenbesser's counterfactual. Consider a subject x in a certain room, who tosses a coin in that landed heads. Now consider another subject y, who is in an adjacent room, and is informed about the goings on in the first room from the time prior to the toss until the outcome – say, through a video camera. They both had bet on the coin toss coming out tails. Consider now the following counterfactual asserted by y: 
(9)    Had I bet heads, I would have won.
    This counterfactual is clearly, intuitively, true, under the standard circumstances that we can expect with this example. This is so, on the above analysis of the core (preservational) counterfactuals, since his bet in the other room was causally irrelevant to the outcome of the toss, or, put in other words, the outcome of the bet was causally independent of the toss.56 If A is causally irrelevant to C (or if C is causally independent of A), then A is not a cause of C.57 Hence a specification of the outcome of the toss – it's having landed heads -- is preserved as an intermediate event, on the above analysis.58 With a counterfactual bet on the actual outcome, heads, which is preserved as an intermediate event in the counterfactual schema (8), there is a very, very high probability of winning. So the counterfactual probability of the counterfactual asserted by y is very, very high, and thus the counterfactual is true. 

But now consider x, the guy who tossed the coin, and consider the same counterfactual (9) asserted by him: Had I bet heads, I would have won. There is an intuition that this counterfactual is not assertible by him. This intuition is indeed explainable by the above analysis as follows. Since it may well have been that his betting in fact affected the manner in which he tossed the coin, the outcome of the toss may not have been casually independent of his actual bet. The physics of coin tossing is extremely sensitive to slight variations in cases in which the coin hits the surface in certain ways, e.g., if it hits the surface with its edge. So it is not assertible that x's bet was causally irrelevant to the outcome of the toss, since it is not assertible that x's bet was causally irrelevant to the way x tossed the coin. Thus, the outcome of the toss cannot be assumed to be preserved in this case since the specification of the case allows for a probabilistically viable scenario in which x's betting on heads affected his manner of tossing the coin.  And if in fact his betting heads was causally relevant to the outcome of the toss, it cannot be asserted that the actual outcome of the bet – on which x in fact lost – is to be preserved among the preserved intermediaries. The actual bet may well have been a cause of this outcome,59 having had some positive causal impact on it: it may well be that the actual toss was causally relevant to the outcome. Since this example is to a great extent under-specified in this relevant respect, the counterfactual probability cannot be sufficiently determined. In particular, the claim that it was higher than the pertinent threshold, and thus that the counterfactual is true, are not warranted. So since it's undetermined by the above specification of the example whether, and if so, how, betting otherwise would have affected the toss (if the actual betting in fact it did), the counterfactual by the tosser is not assertible. 

    Consider now Edgington's counterfactual involving the exploding device on the plane.60 In an example of this sort, a very strong explosive device was placed in an airplane prior to departure. But the device was so unreliable that the chance that it would explode during the flight was minimal. Yet the device did explode in mid-air, despite this very low chance, leaving no survivors.  Consider a passenger x who was scheduled to go on this flight, but just missed it at the last moment. Our passenger x then asserted the counterfactual: 
   (10)   Had I not missed the flight, I would have been killed. 

Intuitively, this counterfactual is true. But clearly the probability of the outcome given the antecedent is very low, given the very slim probability that the device would explode. 

   On the above analysis, the event E that the explosion occurred is indeed an intermediate event to be preserved in the counterfactual schema (8). E is a preserved intermediary for this counterfactual, since whether or not E occurred is independent of the negated-antecedent event, (i.e., that x missed the flight). This is a feature that it is highly natural to assume from this example, and our counterfactual intuitions about it are formed accordingly. The only factor affecting whether E is a preserved intermediary for this counterfactual is whether the negation of the antecedent A – that the passenger miss the flight – is causally relevant to E, i.e., to the explosive device having been activated. On this example, E is causally independent of the negated antecedent (~A) event, a feature that comes out of the most natural reading of the example, and thus the occurrence of the ~A-event was not a cause of E, and therefore E is a preserved intermediary for this counterfactual. The counterfactual probability for this counterfactual is indeed very high in view of E's being a preserved intermediary: given that the device exploded, the chances of x's survival had he been on the flight would have been nill. The counterfactual probability, which is the chance of x's being killed given the antecedent, the prior history and preserved intermediate events that include E, is very high. Thus, on the above analysis, the above counterfactual asserted by x does indeed come out true, which is the right intuitive outcome.61  
PART II: NON-PRESERVATIONAL COUNTERFACUALS.
Section 5: Reconstructional, or non-preservational, counterfactuals -- the main thrust           We shall now move to the extension of the above analysis of core counterfactuals, thereby bringing out to a significant extent the fuller picture that should be invoked, although without a detailed development. The above analysis of the core case fits as a special case in the more general analysis of counterfactuals, which also covers counterfactuals whose antecedent is not compatible with the prior history (although still with factual antecedents and consequents that are nomically and metaphysically possible). In ATC, the subject was developed in detail,62 and the gist of the analysis was: in evaluating such counterfactuals, one has to consider processes leading to the negated-antecedent-event (i.e., the actual event specified by the negation of the antecedent) in terms of their likelihood, or more specifically; to consider processes most likely to have led to the negated-antecedent-event.63 

I have argued elsewhere64 that the suitable processes, typically non-actual,65 for that purpose share the same divergence point from the actual history, and that this divergence point can be pinpointed. Recall that in the case of such counterfactuals, the antecedent is incompatible with the prior history, that is, P(A/WA)=0.66 The divergence point is the latest temporal point t prior to tA where the chance P(A/Wt) is highest. That is: consider the maximal values of P(A/Wt) as a function of t as its variable, and select the latest of them (if there is more than one). Call the divergence point for such a counterfactual A>C:  td(A) (the subscript 'd' indicates divergence).67 

The non-preservational, reconstructionist analysis for such counterfactuals, given the present framework, aims at leading to the objective counterfactual probability of the counterfactual, with its truth value given the counterfactual probability being determined along similar lines as in the above preservational analysis for the core counterfactuals. Yet the reconstructionist analysis for this type of counterfactuals is more complex, since the counterfactual probability is more complex, and is as follows. Consider all possible processes that lead to A (and thus terminate in A), and weigh the augmented conditional probability of A given such a process, to be specified now, by the probability of the process.68 The augmented conditional probability of A given such a process Pi is the probability of A given, first, Pi-, where Pi- is Pi without its latest stage, which is A; second, the actual history prior to Pi; and third, the suitable actual intermediate events in the temporal interval between the divergence point td(A) and tA_ (the starting point of tA – the interval to which A pertain), i.e., (td,tA_), that are to be preserved.69 Let me elaborate.

Consider Pi as a series of stages Pi1,…Pin, which are temporally ordered (Pi1 is later than the divergence point td, and Pin=A). For each segment Pij, consider tj -- the temporal starting point of the segment Pij. For each temporal interval (tj,tj+1), retain the actual events in this temporal segment that are such that the conjunction of the previous stages of the process Pi, Pi1&…&Pij-1, is not a cause of them. These events are the suitable actual intermediate events in the temporal interval (tj,tj+1), for the process Pi.70 The suitable intermediate events for Pi are all those events for Pi, that is, all the suitable actual intermediate events in the temporal intervals (tj,tj+1), for all the temporal intervals associated with the links of the process Pi.

Now modify, for the non-preservational counterfactuals discussed now, the set of the selected intermediate events for the counterfactual pertaining to (tA_,tC-) (not, as above, to the (td,tA_) interval), the ones discussed in sections 2 and 3 in the form appropriate for the core, i.e., preservational, counterfactuals (which are the preserved intermediaries pertaining to that interval). They are to be modified by relativizing them to a given process Pi that could have led to A – one of the processes discussed above, and by limiting them further, in comparison with the analysis above of the core set of counterfactuals -- the preservational counterfactuals. Such limitation will be achieved by adding a new constraint to the effect that all stages of the process Pi- not be causes of the events selected under the core, preservational, construal. (Since the last segment of Pi is A, the constraint for the preservational counterfactuals is thus included.) That is, the selected intermediate events, i.e., the preserved intermediaries, for the (tA_,tC-) interval for the non-preservational counterfactuals are ones specifying the set of actual events pertaining to this interval of which no link of the process Pi is a cause. Since A is the last link of Pi, the constraint on the events pertaining to this interval that are to be preserved for the preservational construal is part of the constraint introduced here. Call them the later Pi-selected intermediate events for A>C (which are actual events in (tA_,tC-)). So the later Pi-selected intermediate events for P>C are the actual intermediate events in (tA_,tC-) of which neither stage of Pi is a cause.71 Call the union of the set of the later Pi-selected intermediate events for A>C (which pertain to (tA_,tC-)) and the suitable intermediate events for Pi (which pertain to (td,tA_) the intermediate events for A>C and Pi. 

The counterfactual probability of such a counterfactual A>C relative to such a process Pi is the probability of the consequent given the following: first, the history prior to the divergence point td(A); second, the augmented process Pi (which includes the antecedent event as its last stage); and third, the later Pi-selected intermediate events (in (tA_,tC-)). Put differently, the counterfactual probability of A>C relative to such a process Pi is the probability of the consequent C given Pi, Wpi (the history prior to Pi), the suitable intermediate events for Pi, and the later Pi-selected intermediate events for A>C (in     (tA_,tC-)). Given the above terminology, the condition in this counterfactual probability amounts to the selected process Pi (which includes the antecedent-event, the history prior to the divergence point, and the intermediate events (for A>C and Pi). 

    The counterfactual probability of A>C (which is a non preservational counterfactual of the sort discussed here), now without a relativization to a particular process, is the summation of the counterfactual probabilities of A>C for each such process Pi, where the counterfactual probability for Pi is weighted by the augmented probability of the antecedent A given Pi- as well as by the probability of Pi- (where the latter is P(Pi1. … .Pin/Wp), and where Wpi is the history prior to the divergence point). 

That is, the counterfactual probability for a non-preservational counterfactual A>C of the sort discussed here is the weighted sum of items. Each item corresponds to a process Pi diverging at the common temporal divergence point td(A) and terminating in A, and each item consists of the counterfactual probability of A>C relative to Pi weighed by the augmented probability of A relative to Pi- and by the probability of Pi. So the counterfactual probability of A>C for such a counterfactual is the summation of the counterfactual probabilities of A>C relative to each such Pi, weighed by the augmented probability of A relative to Pi- as well as by the probability of Pi. As in the case of the core (preservational) set of counterfactuals, the counterfactual is true just in case its counterfactual probability is above the appropriate threshold. The analysis of counterfactuals of the core set comes out as a special case of this process-based analysis.72 

Note the rationale for the above weightings: The more detailed a process Pi- is in a suitable way,73 the higher the probability of A is given Pi- and the intermediate events to be preserved during (td,tA_). So a more detailed suitable process specification raises the augmented probability of A for that process. This incentive for informational expansion must be tempered by taking into account the probability of Pi-: the more detailed the process specification, the smaller its probability. So by such a double weighting we hold in check the counterfactual probability relative to a given process, reflecting the extent to which it is to be considered as the probability of its leading to C. If we were to simplify the picture, we could limit ourselves only to the upper crust of these process, the ones with the highest contribution to the counterfactual probability, and ignoring the others whose contribution to the counterfactual probability is lesser or even negligible, thereby yielding the notion of the processes most likely to have led to A.74   

  A process Pi- plus the selected intermediate events in the (td,tA_) interval can be considered the augmented process. The augmented process thus already reflects the above weighting with the desired balance between its two components. The probability of the process to have led to A is then the probability of A given the augmented process and the history prior to the divergence point. The counterfactual probability of such a counterfactual for a given process is thus the conditional probability of the consequent given the probability of the process to have led to A as well as the probability of the process (given the history prior to the divergence point).

This picture should be further fleshed out, explained, and argued for. My analysis of counterfactuals is often called a causal analysis of counterfactuals. This is surely in part an appropriate classification.  Yet in view of the causal constraint on the selection of the suitable intermediate events, a more accurate characterization of the overall account for non-preservational counterfactuals, which have the core case of preservational counterfactuals as a special case, would be that of a causal-chancy-process theory of counterfactuals. These elements – the chance-base probabilistic picture, the causal aspect, and the process-based aspect -- are the central elements of my analysis here (as well as in the two main previous versions – my 1975 Ph.D. dissertation Counterfactuals75 and my 1986 book A Theory of counterfactuals).  Here (as well as partly in other papers) these features have been sharpened and made more accurate and appropriate. 

Section 6: The counterfactual probability for a given process – an elaboration    

Let us, in this section, elaborate on the considerations leading to the above analysis, to further motivate and clarify them. In considering the non-preservational counterfactuals, i.e., when focusing on the reconstructional counterfactuals construal, we consider processes that could have led to the antecedent-event - the so called A-event. (We shall call such processes: processes leading to A). In fleshing out this account, we have to specify what the counterfactual probability for such counterfactuals is. It is going to be the summation of the counterfactual probabilities for each process that is taken into consideration. 

    First, let us consider an approximation that will enhance the intuitive motivation of the presentation. Suppose that we ignore processes that are relatively negligible in their prospects to have led to A. That is, we shall aim at selecting processes that are sufficiently likely to have led to A. We shall specify the counterfactual probabilities for such processes, and then we shall extend our treatment to all processes that could have led to A.

     In considering a process that could have led to A, we want to give higher weight to processes that are more likely to have led to A: this is a formative intuition. But this locution, 'likely to have led to A', is composed of two contravening components, as we shall see.  One is the probability of the process, to which we would like to give greater weight in the counterfactual probability, that is, we would like to give greater weight to more likely processes. Yet any process that has A as its final stage is a process that could have led to A. (Of course, we ignore processes whose probabilities given their prior history is 0 – they will anyhow yield 0 contribution to the counterfactual probability. So we are only considering processes that are historio-nomically possible, i.e., have probabilities greater 0 given their prior history.) But some processes would render A highly likely, and some would render A highly unlikely. We want to give greater weight to processes that render A more likely than to ones that render A less likely. They differ in the extent to which they could have led to A. This is the second component in the locution 'likely to have led to A'. 

    Here we encounter the two contradictory tendencies regarding how full fledged, informationally speaking, such processes should be. The more we 'fill in' the process, that is, the more stages we allow in (which of course add information to the process) and the more details we allow in any given stage, the more we can raise the probability of A given the process, if this is what we have in mind in 'inflating' the process.  But the more detailed the process, the smaller its probability.  And of course we would like to avoid information that doesn't serve the purpose of making A more likely given the process.

    So the suggestion is to weigh these two components against each other. Thus, consider a process Pi (with A as its final stage). The probability of Pi is its chance given its prior history -- the history prior to the common divergence point. Now the extent to which Pi leads to A is the probability of A given the process Pi (minus its final stage A, i.e., Pi-) and the history prior to the process. Adding suitable information to the process can raise the extent to which it leads to A, but, on the other hand, lowers the probability of the process, which we want to take, as a component of the counterfactual probability for the process, via the product of these two probabilities, thereby opting for an appropriate balanced between them. 

    So for a given process Pi, the first factor in the counterfactual probability for Pi consists of, first and foremost, the probability of the counterfactual consequent C given the augmented process Pi (which includes the A-event) and its prior history as well as the preserved intermediate events between the antecedent event and the consequent event relative to the process (which is a smaller set than just relative to the antecedent, which is what we have done above in the preservational interpretation). This factor will have to be weighed by the two factors we have considered here: the probability of the process given its prior history, and the extent to which the process leads to A. The latter is the probability of A given Pi- and  the history prior to the process (the prior history). (The preserved intermediate events during the time of the process, which are part of the augmented process, should not be taken into account here – in addition to being taken into account in the augmented process in the first component of the product above that is the counterfactual probability for Pi. They have to be held fixed in the counterfactual probability of the process due to considerations independent of the mutual weighing of the probability of the process and the extent to which the process leads to A). 

    Now we can extend the notion of the counterfactual probability under this construal to all processes that could have led to A – not just the ones sufficiently likely to have led to A (not to mention the ones most likely to have led to A). The counterfactual probability of A>C is thus the summation of the counterfactual probabilities of A>C for Pi for any Pi that could have led to A.

    It is clear, though, that the relative contribution of processes that are unlikely to have led to A should be significantly less than that of processes that are likely to have led to A.76 But the rigorous sense of the counterfactual probability, as spelled out here, should take into account all processes that could have led to A. Yet, settling on a suitable threshold for sufficiently likely processes to have led to A would make the assessment of the counterfactual probability of the counterfactual more manageable.77 So in assessing concrete counterfactuals, in concrete examples, it would be a good heuristics to focus on processes sufficiently likely to have led to A.

   Let us formulate the above in more precise terms. The counterfactual probability for A>C is:

(11)    ∑(Counterfactual probability for Pi).P(Pi/A.WPi).P(A/Pi-.WPi).

We want P(Pi/A.WPi) (which is the same as P(Pi-/WPi)) rather than P(Pi/WPi) since A is the antecedent, which is held fixed for a given counterfactual and all process the could have led to it: We want to give weights to the processes without A. 

    The counterfactual probability for Pi is the following. In the discussion in sections 2 and 3 of a preservational counterfactual A>C, we focused on the preserved intermediaries for A>C, which were in (tA,tC). They were thus the preserved intermediaries in (tA,tC). Considering now, as we are, a reconstructional counterfactual A>C, for a process Pi, we must consider the preserved intermediaries during the time to which the process pertains -- the earlier preserved intermediaries for tPi, which are in (tPi,tA-). The preserved intermediaries for (tA,tC) are the later preserved intermediaries. Call their union the preserved intermediaries for Pi. So the counterfactual probability for Pi is:

(12)    P(C/A.WPi.P-I(Pi)),

where P-I(Pi) are the preserved intermediaries for Pi.78       

So we can reformulate now (11) as:

(13)    ∑P(C/A.WPi.P-I(Pi)).P(Pi/A.WPi).P(A/Pi-.WPi)

Section 7: Illustrations           To illustrate how this analysis works, in a simple case, assume I am in New York now, and consider the following:

(14)  Had I been in Israel right now, I would have been listening to Hebrew.

Obviously, the antecedent is incompatible with the prior history. One would have to look for sufficiently likely processes that would have led to the antecedent, such as my being on a flight on the way to Israel yesterday. But my being on a flight to Israel yesterday would not have been a cause of the regular Continental flight from Newark to Israel yesterday. So the latter would be a preserved intermediate event. And indeed, this would be confirmed by the truth of the semifactual:

(15)    Had I been in Israel right now, the Continental flight from Newark to Israel 

    yesterday would have still taken place.

So this semifactual confirmed the need to secure the preserved intermediary actual events during the time of the process in question that would have led to the antecedent event of which the process was not a cause.

    Note that under the reasonable assumption that going to Israel in any way other than on a flight to Israel (e.g., taking a boat, or swimming) is highly unlikely – that the chances of my getting to Israel in any other way were very small, the following counterfactual is also true:

(16)    Had I been in Israel right now, I would have had to have been on a flight to 

       Israel. 

    This is a grammatical construction distinct from the usual counterfactual construction, and has been associated with what Lewis called backtracking counterfactuals. On Lewis' view, backtracking counterfactuals have a different construal than regular counterfactuals, and Lewis typically set them aside. But backtracking counterfactuals such as (16) fit squarely within the present analysis. Indeed, the counterfactual is true since the counterfactual probability for all the processes that would have led to the antecedent except extremely unlikely ones is very high, and consequently the counterfactual probability for this counterfactual is very high. I thus dispute Lewis' claim, which seems not to have been contested, that backtracking counterfactuals have a different semantics; although they have a distinct grammatical structure, they are on a par with regular past-looking counterfactuals (i.e. those with a non-standard temporal order, since typically the time of the counterfactual antecedent precedes the time of its consequent).

    Rather, one may conjecture that what is semantically indicated by the distinct grammatical construction of backtracking counterfactuals is that they are process pointers: they point to what is common to the very highly likely processes to have led to the antecedent, in this case, being on a flight to Israel. In this respect of pointing in that way they differ from regular past-looking counterfactuals, such as counterfactual (15) above, which also fall squarely under the above analysis.

    Backtracking counterfactuals are thus a specific sub-type of backward-looking counterfactuals. Yet Lewis cannot characterize them this way, since he avoids using the direction of time in his analysis of counterfactuals (in order to extract the temporal asymmetry from the counterfactual asymmetry). Lewis also excludes backtracking counterfactuals from his counterfactual analysis of causation. Yet if one requires that a cause temporally precedes its effect, as on traditional and standard conceptions of causation, there needs to be no special exclusion of this sort. If one is to use the appropriate counterfactual for the assessment of a causal relation, backward looking counterfactuals are excluded anyhow. But for Lewis, just excluding backtracking counterfactuals in analyzing causation would not be enough: he would have to exclude all backward looking counterfactuals, which he does not do. For that purpose, one must be willing to resort to the temporal direction in the analysis.

   Here is  another relatively simple case.  Consider someone, knowledgeable in political affairs and familiar with Regan's personality and political outlook, asserting in 1978:

(17)  Had Reagan been president today, he would have substantially increased the 

       military strength of the US.

    The antecedent is indeed hardly compatible with the prior history: the probability of Reagan being president at the time, given the prior history, is negligible. Rather, the counterfactual must be assessed along reconstructional lines. The most likely process-type to have led to the antecedent-event is one in which Reagan would have won the Republican nomination and then the presidential election in 1976. This would account for why the following counterfactual is patently false:

(18) Had Reagan been president in 1978, Carter would still have been president in  

      1977.

The consequent of this counterfactual is of course not to be retained given the above process leading to the antecedent. This is so since Reagan's defeat in the Republication nomination of 1976 was indeed a cause of Carter's being president in 1977, and thus specifies an event that must not be retained in the truth conditions of the counterfactual (18). A process of the type indicated above would indeed be a process that would be the most likely to have led to the antecedent of (17) – as opposed to a process in which the Soviets took over the US and appointed Reagan as a puppet president. The negligible probability of the latter process renders the augmented counterfactual probability centering around it of minimal value. But the former process  is highly likely to have led to the antecedent of (18), i.e., to Reagan's being president in 1978: The probability of the antecedent given such a process is very, very high. The very high probability of the antecedent given the processes plus the substantial probability of the process, given a divergence point at which the probability of the antecedent is highest – say, sometime before or in the middle of the Republican primary of 1976, yields a very high counterfactual probability for this process, sufficiently above a pertinent threshold level, in view of the high enough augmented counterfactual probability. 

    It is instructive to go back to the central point of sections 2 and 3, which specifies which intermediate events are to be retained, or held fixed, since the analogous aspect holds for reconstructional counterfactuals as well.79  It is easy to consider a Republican asserting the following counterfactual with good grounds after the Soviet invasion of Afghanistan:

(19)    Had Reagan been the US president, he would have reacted harshly to the Soviet 

      invasion of Afghanistan.

But the sensible response might be: wait,

(20)   Had Reagan the president of the US, the Soviets might well have not invaded     

    Afghanistan.

What's going on is that the (first) speaker incorrectly assumed that the event E – the Soviets invaded Afghanistan – is to be held fixed in the counterfactual. But it seems like that event was not causal independent of the antecedent A – Reagan's being US president at the time. So indeed, (19) is not true, in view of the responder's point that E is not to be held fixed. Rather, what the speaker intended to assert was a different counterfactual:

(21)   Had Reagan been the US president and the Soviets invaded Afghanistan, he 

    would have reacted harshly.

And this counterfactual, in view of what we may assume to have been Reagan's character political outlook, may well seem true. The speaker, in this case, was mistaken about which counterfactual he intended to assert. 

   This shows that the truth value of the counterfactual is indeed crucially dependent on what is being held fixed in the intermediate course, and mistakes about what should be held fixed, in terms of, in this case, mistakes in acknowledging causal dependence, may lead to an assertion of a false counterfactual. But what is to be held fixed is not a matter of context -- both speakers to the above interchange share the same context. Nor is it a matter of minimal change or factual similarity -- in this case, the minimal change or maximal factual similarity is indeed to hold the actual invasion of the Soviet fixed, which would render incorrectly (19) true. Rather, what governs which intermediate events to hold fixed is the causal relations between the negated-antecedent event and such intermediate events, in the manner specified in the analysis above. Mistakes in employing the counterfactual construction or mistakes regarding pertinent matters of fact or causal relations may well lead to the assertion of a false counterfactual. 

    Consider again counterfactuals whose consequent is temporally prior to the antecedent such as the following process-pointer counterfactual: 

(22)   Had Reagan been the US president in 1979, he would have to have been elected in 1976.

    This specific subjunctive construction characterizes counterfactuals whose truth conditions require that the consequent be in the most likely process (or processes) to have led to the antecedent.80 By contrast, consider:

(23)  Had Reagan been the US president in 1980, the Soviets would not have invaded 

      Afghanistan in 1979.

This is also a backward-looking (or time reverse) counterfactual, i.e., in which the time of the consequent is earlier than the time of the antecedent. But the subjunctive construction is the usual counterfactual construction. For (23) to be true, the consequent need not specify an event in the process(es) most likely to have led to the negated antecedent event. Rather, such a counterfactual is true just in case the consequent conforms to the schema of the counterfactual truth conditions in virtue of the augmented counterfactual probability for the process(es) in question being high enough. Of course, due to the time specification, the augmented counterfactual is independent of all that has in fact transpired after the time of the consequent, and thus the counterfactual is true just in case the augmented counterfactual probability modulo the time of the consequent is high enough – where this means that characteristics in the augmented counterfactual probability later than the time of the consequent may be omitted and ignored. 

   One may thus use the notion of a 'backtracking counterfactuals' to designate this specific syntactic construction, serving to express process-pointing counterfactuals. But on the above account, all counterfactuals have one unified interpretation, with backtracking counterfactuals being merely a special case. In certain cases there is a genuine double reading involving the preservational interpretation on the one hand and the reconstructional interpretation on the other, where on the latter a divergence point is invoked (which is of course earlier than tA_). In such cases, the preservational interpretation is legitimate, as well as the backward standard subjunctive construction and the process  pointing backward construction. The latter grammatical construction indicates what the truth makers of the counterfactual are: ingredients of the most likely processes to have led to the antecedent. But they fall squarely within the above analysis of counterfactuals. Hence no separate counterfactual interpretation is called for, and there is no such thing as a backtracking counterfactual. There are counterfactuals that can be read in a backward-looking way, and belong to the above sub-groups, but their construal is part and parcel of the above analysis. For Lewis, the backtracking counterfactual was a separate counterfactual construction, with a different interpretation, for which he never bothered to offer a candidate. Lewis was just misled by the different grammatical subjunctive construction into thinking that it indicates a different interpretation, or different analysis.

     Instead, there are cases in which there is an ambiguity between the preservational and reconstructional interpretations. They are cases in which, for the t<tA_, P(A/WA)~0 (close to, but not quite 0), and yet P(A/WA)<P(A/Wt). In cases where P(A/WA) is significant and in which it is not the case that P(A/WA)<P(A/Wt), the preservational interpretation carries the day. When P(A/WA)=0, only the resonctructional interpretation is available. But in the other cases, there is room for ambiguity, and context may give cues as to which interpretation is the right one 81 Time reverse counterfactuals interpreted on the reconstructional reading may be process-pointing or not. But again, there is no distinct interpretation of counterfactuals that can be considered a backtracking interpretation, since they all fall under one and the same unified analysis above. 

Section 8: The Bizet-Verdi example           An illustration about how this analysis works may be helpful. So consider the pair of the counterfactuals in the famous Bizet-Verdi example of Quine's:

(24)  Had Bizet and Verdi been compatriots, Bizet would have been Italian

(25)  Had Bizet and Verdi been compatriots, Verdi would have been French.

   The common wisdom about such an example is that there is no fact of the matter, or objective sense, in which counterfactual is true. It's a matter of context. The above analysis of counterfactuals, however, has been free of context dependence except for the determination of the threshold.82 However, if the above analysis is on the right track, the truth value of such counterfactuals should be determined solely by the facts and chances (given a threshold). The antecedent, as always, must have some temporal parameter which, if not explicitly specified, has either to be supplied by the context or to be otherwise supplemented to yield a viable counterfactual. The same goes for the consequent. Since there is no context here for this example, suppose we add the temporal parameter 'at t', for some t at which both Bizet and Verdi were alive.83  

    In order to determine whether either one of the two counterfactuals is true, we have to find out what processes could have led to the respective antecedents. Due to epistemic limitations, and for the sake of simplicity,84 we may just as well limit our assessment to the processes most likely to have led to the antecedent (see the previous section). But which are these processes? Without specific information about the history of these two composers (and a reasonable assessment of the chances involved), the question cannot be answered.  I will not embark here on an elaboration of how the actual circumstances during their lifetimes, to the extent known to us, impinge on the analysis and its outcome. The outcome of the analysis may well also have different answers for different times associated with the antecedent and the consequent, as will be obvious below. But suppose that at t, at which both were alive, Verdi serious planned to move to France, whereas Bizet (or his parents) wouldn't then have dreamt of moving to Italy. Then a process-type in which Verdi moved to France would be considerably more probable, grosso modo, than a process-type in which Bizet moved to Italy. The probability of a process of Verdi moving to France may, in such a case, be significant, and even high, whereas the probability of Bizet moving to Italy may have been, in such a case, very small. For a suitable process in which Verdi moved to France, on this assumption, the counterfactual probability of (25)) would be relatively high.85  It would be low for a suitable process in which Bizet moved to Italy. Those would be the counterfactual probabilities for each of these two processes. But due to the relatively big gap in the probability of the respective process-types, the counterfactual probability of (25)), which for simplicity we are taking as the sum of the counterfactual probability for these two processes, may well be sufficiently high, yielding (25)) as true.86 (24), on the other hand, on such assumptions, would come out false. But at a different time, the probabilities might be reversed – Bizet might have almost moved to Italy, with Verdi not being in the least prone to move to France. In such a case, the truth values of (24) and (25)) would be reversed. 

    The upshot, then, is that it is not the context that determines the truth values of these counterfactuals and others like them. (The temporal definiteness of the antecedent and consequent is required for them to have a counterfactual probability, a truth value, and a full-fledged content. In insisting on the context-independence of counterfactuals, my claim is that the counterfactual construction is context-independent – not of course that the antecedent or the consequent are.) The truth value of a counterfactual is therefore, on the above analysis, not a matter of which worlds are 'closer' in some mysterious sense to the actual world -- some world in which Verdi moved to France, or some world in which Bizet moved to Italy. It's not as if a contextual salience of one prospect as opposed to the other plays any role in determining the truth values of these counterfactuals. The notion of 'closer worlds' does not figure in the above analysis, nor, according to it, is there any obvious plausible correlate to it under the analysis.  One may feel frustrated about the lack of sufficient clarity of this notion in various cases, over and above being an unpacked metaphor or a mere technical term (postulating some ordering relation), suitable for counterfactual logic (to the extent that it is87), but without sufficiently clear non-formal significance. It need not function, in various cases, in any way other than as an uninterpreted formal relation in the semantics — an ordering relation. This is enough to yield a semantics (though not necessarily the right one88).But this is not enough to yield a full-fledged philosophical analysis. Stalnaker does not seem to have committed himself to an interpretation of the 'closer than' relation over and above mere similarity or minimal change (as Lewis did for the similarity relation -- though tentatively, in his second attempt).89
   One of the two main opposing views to the above analysis would be the minimal change approach, first proposed by Stalnaker: This approach would favor securing minimal changes in order to accommodate the antecedent, while presumably letting the rest of the history flow by the nomic structure (as, e.g., in Analysis 1 in Lewis' "Counterfactual Dependence and Time's Arrow"). But minimal changes that just secure nomic compatibility won't do – they don't acknowledge the leading processes to the antecedent, the preserved intermediaries – earlier and later, and even local minimal changes need not conform to fit the probabilistic  structure. The right line is not just to minimally fix the world state at the time of the antecedent, but rather to let the probability distribution conferred by the prior history (on the preservational reading) do the work. Such factual aspects must be left open, governed by the probability conferred on them by the prior history.

   Thus, consider Goodman's counterfactual: had I struck the match, it would have lighted. It is the world state at the time – not a conversational context -- that determines whether we hold fixed the dryness of the match, because, in a standard use of the example, the match was dry before, and hence this was part of the prior history, and its remaining so is causally independent of the antecedent. In different circumstances, under a more unusual setting for couching the example, it could be that, for fear of fire, someone next to me would have blown on it before it could have lit (after being struck), and then the counterfactual would be false. But this blowing is highlighted due to the high probability conferred on it by the prior history with the antecedent: the counterfactual prob of Goodman's counterfactual (of lighting if struck) would be low.

    In many cases, there are various good candidates for being 'minimal changes', and what is minimal is not specific: Minimal change has a sufficiently precise content regarding parameters that have numerical values, such as temperature, or height, but not so with qualitative features where the change involve replacing one feature by one of a pool of others. Had I chosen not to write today, would I have done nothing, play ball, or go to a concert? The answer has little to do with minimal changes, as opposed to my dispositions at the time (reflecting the chances at the time). I wear a blue shirt today. Had I worn a different shirt, would it be green rather black, if green yields less of a change than blue? No: such counterfactual considerations have little to do with minimal changes in terms of qualitative or quantitative features: they have to do with the chances that I would have picked the green shirt as opposed to the chances that I would have picked the black shirt (chances which, in turn, also depend on the prior circumstances).  It is the chances and the prior circumstances that do the work: they render some 'accommodations' more likely and others less likely, and the counterfactual probability should be decided accordingly. A most influential tendency in treating counterfactuals has been to focus on the time to which the antecedent pertains and feel that there must be one answer, or a few answers which yield a tie, as to how to accommodate the antecedent in the world state at that time. This is a fundamental mistake, in my opinion. Rather than fixing 'the' selected world, or 'the' selected worlds, let the chances do the work for you. That is, a fundamental move the above analysis challenges is the conception of the truth conditions of counterfactuals as involving a specification of one selected closest world or a few selected worlds in cases of minimal change ties (or similarity ties). This has been a fundamental feature of the standard Stalnaker-Lewis semantics, and this is a feature that I dispute and which is not upheld by the above analysis.

   Lewis started with an intuitive similarity relation in his Counterfactuals, and then moved to a more complex notion of similarity in view of Fine's counter example of Nixon and the nuclear button. This example undermined priming intuitive similarity to the actual world in the selected worlds in cases where the future in fact resembled the past more or less, but where it shouldn't in order to make the right counterfactuals come out right. This move has a mirror image in cases where similarity to the actual world should also not be primed in cases where the future dramatically doesn't resemble the past. Thus, Wittgenstein and Hitler attended the same high school in Lund (though two years apart). Consider: had Wittgenstein killed Hitler during that time, the second world war would not have occurred. One may argue for a high counterfactual probability for this counterfactual. But in this case, the counterfactual situation would have most likely differed radically from the actual world in the future but, unlike the Nixon case, while presumably resembling more or less the previous history. 

    Although Lewis offered rough-and-ready rules for ordering priorities, at bottom his commitment to them was hedgy, depending on how well they work, without a commitment to whether similarity of particular facts plays any role (beyond perfect match), and leaving considerable further gaps in the analysis, such as how many minor miracles (and how minor) would it take to match how much of a perfect match (and the same for the relation between minor and major miracles). At the end, the right similarity relation for him is one that would make the truth values of counterfactuals come out right on his analysis. So counterfactuals are true if they come out true given the right similarity relation, and the right similarity relation is the one that makes the true counterfactuals come out true. Such a conception seems to be circular. In contrast, the analysis provided here is quite specific, without mysterious and unpacked terms of this sort, and minimally context dependent.90       

Let us recapitulate the argument regarding the Bizet-Verdi case in terms of the above account. Consider a scenario in which there was a likely process Pv that would have led to Verdi moving to France, but no likely process that would have led to Bizet moving to Italy.  The most likely process to have led to the latter, PB, was very unlikely. In order to assess the counterfactual probabilities of the two counterfactuals, let us focus on counterfactual (25)), whose consequent is that Verdi would have been French. Consider first Pv. The counterfactual probability of (25)) is the sum of its counterfactual probability for Pv times the chance of A given Pv (and the prior history) times the chance of Pv given A, plus the respective product for PB. The first and second factors in each of the two components of the addition are high in each component. But under the above assumption, the probability of Pv is high, which renders the product for Pv high, whereas PB is low, which renders the product for PB low. The sum yields high counterfactual probability for (25)). Accordingly, with changing the consequent from that of (25)) to that of (24), the analogous considerations do not yield high counterfactual probability for (24). Hence on the above assumption, (25)) is true and (24) false.
   This example has been a paradigmatic example in arguing that counterfactuals don't have objective truth values: they either don't have truth values at all, or else their truth value is a matter of interest and context.  On this view, whether we hold Verdi's presence in Italy fixed is determined by our interests regarding the example, and the judgment about the counterfactual would be determined accordingly. On the analysis presented here, this is just the opposite: there is no dependence on a conversational context or interests here regarding what to hold fixed. What should be held fixed is a function of the probabilistic structure of the world which in turn determines the pertinent causal relations as well as which processes are more likely. 






                         NOTES
* This paper was written for a seminar on Conditionals I presented at Rutgers in winter 2007. I thank Barry Loewer and Jason Stanley for the invitation, and the participants, especially Barry Loewer, for comments. It was also presented that year at the colloquium of St. Andrews University, and I thank the participants, and in particular Crispin Wright. It was also presented that year at the Center for Rationality, Hebrew University, Jerusalem. 
1. Hackett, 1986. For Hilary Putnam's critique of A Theory of Counterfactuals, see his "Probability and the Mental", in D. P. Chattopadhaya (ed.), Jadavar Studies in Philosophy, Vol. 5 (McMillan, Delhi), 1983, and my response "Putnam's Counter-example to A Theory of Counterfactuals”, Philosophical Papers, Vol. XVI, 3, pp. 235-239, 1988. See also Frank Jackson's review of A Theory of Counterfactuals in Journal of Symbolic Logic, Vol. 54, no. 3, 1989, Marvin Belzer's review of it in Nous, Vol. 27, No. 1. (Mar., 1993), pp. 113-118, and Van McGee's review in Philosophy of Science Vol. 60, no. 3, 1993.   

2. The analysis presented here is a refinement of the analysis I offered in my A Theory of Counterfactuals, Hackett, 1986 (henceforth abbreviated as 'ATC'), and is hopefully a lot more accessible. 

3. "Counterfactual Dependence and Time's Arrow", Nous, 1979.

4. E.g., not nomological, or modal. 

5. More precisely: Both antecedent and consequent are temporally indexed, thereby having their respective times of pertinence (times during which their occurrence is considered), though often such temporal indices are suppressed. The temporal interval to which a factual sentence pertains is the interval within which the event, or state, etc., specified by the sentence is taken to have occurred according to the sentence or the context. The temporal interval to which the antecedent pertains must begin prior to the time to which the temporal interval to which the consequent pertains, and the first interval must not end later than the second. 
6. More precisely, since we deal here with an indeterministic chance set up, we require that the chance of the antecedent event given the prior history not be negligible. To the extent that this is an idealization, two options are open: One -- some move towards adjusting the analysis of such counterfactuals in the direction of the analysis of counterfactuals of the non-preservational (see section 5 below) sort will have to be made. The other option is moving to a different probability function P* which is topologically isomorphic to P but a different base-rate, e.g., 1/2 for P(A/WA). This issue is beyond the scope of the present paper. 

7. I employ here a strict, or narrow, sense of causal relevance, i.e., causal relevance simpliciter, which is the standard notion, as opposed to a notion of broad causal relevance, i.e., causal connectibility, that allows for two epiphenomenal events to be causally relevant to each other through the common cause, despite the absence of causal relevance simpliciter. 

8. ATC, ch. 2, sections II, III. 
9. I restrict my discussion to the indeterministic case, since the account of counterfactuals presented below pertains to the indeterministic case. 

10. One can be much more precise here. Elsewhere I have spelled out what I take to be the domain in which the preservational reading reigns alone, the domain in which the reconstructional reading (see below) reigns alone, and the domain where counterfactuals can be read either way, allowing for ambiguity. The delineation of such different domains involves primarily the comparison of P(A/WA) vs. the highest and latest value of P(A/Wt), taken as a function of t; see my “Counterfactual Ambiguities, True Premises and Knowledge”, Synthese, Vol. 100, no. 1, July, 1994, pp. 133-164,  sections 5 and 6. Barry Loewer pointed at the possibility that there maybe a somewhat earlier time t' with a somewhat lesser P(A/Wt'), and then why shouldn't it count as a legitimate divergence point. This, I would think, would suggest a modification along the lines that the divergence point should be as required above so long that there is no such somewhat earlier time and only somewhat lesser probability: that is, in Loewer's case, we may well settle on the earlier point as the divergence point. (Of course, if a process diverges at t, a process that coincides with it from t on can diverge at any earlier t'.)   
11. The time specified by the antecedent need not be the occurrence time of the event specified by its negation, but rather is the pertinence time of the antecedent --  a possibly broader time that takes into account the temporal quantificational structure of the antecedent; see ATC, ch. 6, section 2.
12. In my earlier writings, especially in ATC, I called this reading ‘the n-d reading’, for ‘natural divergence’, implying that the prior history is preserved while the future can diverge from it in more than one way. The term ‘preservational’ seems to me now more suitable.

13. The analysis of the reconstructional reading – see below, section 5 – involves, as a first approximation, the consideration of processes sufficiently likely to have led to the antecedent. The use of probability here does an analogous, though quite different, job as that of opting for closest, or most similar, possible worlds (or worlds with minimal changes), in that it, directly and via the notion of cause, which, on my account, is a chance-based notion, selects what one may consider as possible worlds relevant to the truth value of the counterfactual under consideration. Yet, as I have proved in ATC, given very weak assumptions, an analysis of counterfactuals along the lines presented here cannot be formulated in terms of, say, a selection function a-la-Stalnaker or something like it; see ch. 7, section 3. In my earlier writings, in particular in ATC, I have used the term ‘the l-p reading’ for what I dub here as the reconstructional reading. The term ‘the reconstructional reading’ seems mnemonically preferable and as broader in scope than the ‘l-p’ term in not being committed to a particular analysis of such a reading. 

14. See ATC, ch. 9, section I. 
15. The interval starting at the beginning of tA  and ending at the end of tC .

16. WA,C  is the world history from the beginning of tA  till the end of tC .
17. In his “Counterfactual Dependence and Time’s Arrow” (p. 39) Lewis considers what he calls Analysis 1 (which he attributes to Jackson, Bennett, Bowie and Weiner) and which is an analysis independent of the intermediate history (though this is not why Lewis rejects it). See also my “Counterfactuals and Causal Relevance”.
18. However, my analysis is designed for the indeterministic case. Lewis’s analysis for the deterministic case takes into account only miracles (major or minor) and perfect match (ibid., pp. 47–48). Yet also his counterfactual analysis applied to the indeterministic case is independent of the intermediate course,  and thus the above critique applies; see his Philosophical Papers, Vol. II, pp. 176–177, 180–181. My critique of the above Analysis 1 (note 17 above) applies first-and-foremost insofar as it is applied to the indeterministic case.
19. I use the variables ‘A’, ‘C’, etc. ambiguously as varying over (factual) indicative sentences as well as the events or states they designate. 
20. Only counterfactuals with factual antecedents fit the preservational scheme (as opposed to, say, counter-nomological ones): factual antecedents specify, explicitly or implicitly (via the context), the time to which they pertain, and thus make possible the determination of what the prior history is, which is the world history up to the time of the antecedent, which is the time to which the antecedent pertains. As noted above, the preservational reading is applicable only to antecedents compatible with their prior history.

21. Although this is tangential to our concerns here, I would rather not resort to the notion of laws here, since the laws of the physics we have don’t suffice, and laws of nature are, on my view, elusive. So I employ the notion of inferability warranted by the nomic structure of the world. I elaborate on this point in my "The Nomic Structure of the World, Laws of Science, and Laws of Nature" (draft).

    I employ the '+' sign here in an ambiguous way: the use of conjunction here would not be in general appropriate for more than one reason (e.g., if WA is not a sentence). The more accurate construal of the '+' sign here is that of set-theoretical event intersection; so, strictly speaking, such formulations would have to be construed in terms of events and not in terms of sentences. The same holds when we move to the counterfactual probability below, instead of this inferential schema, with a conjunction in the condition of that conditional probability. 

22.  Employing a full-fledged prior history and a 'thick' temporal state yield the same outcome in terms of the truth conditions for preservational counterfactuals given the Markovian hypothesis (that a 'thick' world state screens off chances of later events given that world state. The employment of a world-history is obviously epistemically enriching and helpful when truth-values of counterfactuals are assessed given a subject's information at the time of its entertainment.

23. High enough is above a threshold. I will not argue for the following point here, but my hypothesis is that this counterfactual threshold is a semantically entrenched feature, at least in a dialect. Compare this position to my hypothesis that there is an analogous semantically entrenched threshold for Knowledge and for Assertion, and that the latter two are identical – this position can be called The threshold identity thesis. The hypothesis that the counterfactual threshold, which is our chief concern here, is identical to these other two thresholds, will not be pursued here further. How threshold is to be represented, e.g., if not by a number then by an interval or in a more refined manner, will not be pursued in this paper.

24. See my ATC, ch. 2, sections V, VIII; “Counterfactuals”, Erkenntnis, 36/2, 1992, pp. 1-41; and “A Counterfactual Theory of Cause”, section 5.

25. For examples that illustrate and motivate these constraints, see the references in the previous note, especially the ones in “A Counterfactual Theory of Cause”, section 5.

26. "A Counterfactual Theory of Cause", Synthese, 127, 3, June 2001, pp. 389-427.
27. Which is, throughout this paper, actual. 

28 To avoid cumbersome formulations, I allow myself to invoke statements when, strictly speaking, it is the events they specify that are being discussed.
29. An irrel-semifactual ∼A>C can be expressed as: if A, then still C (independently of A), which is equivalent to: C is true, independently of A.
30. Or, put  differently,  causal relevance  to E  but  no positive  causal  relevance  to E whatsoever.
31. See ATC, ch. 2, section VIII.
32. In ATC I focused on the antececent A and its relation to the consequent of the semi-factual, rather than on the actual A, and therefore I talked about purely positive causal relevance and about pp-semifactuals rather than pn-semifactuals.

33. Thus, there is no infinite regress; yet the extensional adequacy of schema (9) below is not compromised. For elaboration, see ATC, ch. 2, section XII, 2.
34. Examples of this sort are examined in ATC (examples 3 and 8, ch. 2).
35. I assume that the stock is sold in a private transaction (which remains confidential at least until t3) to an individual who is not interested in further selling the stock and in fact does not sell (until t3 ).

36. But the doubling of x’s stock investment would allow for his retirement.  The stock market’s skyrocketing is tantamount to more than doubling the value of the stocks across the board.

37. “Counterfactual Dependence and Time’s Arrow”, p. 39.
38. That is, the board was not empowered to propose changes in the design.
39. For Lewis’ account of counterfactuals in an indeterministic world; see his Philosophical Papers, Vol. II, pp. 176–177, 180–182.
40. Peter Menzies (“Probabilistic Causation and Causal Processes: A Critique of Lewis”, Philosophy of Science 56 (1989), 642–663) attempts to remedy this problem. Yet his dense counterfactual saturation is at best sufficient for causal relevance (since the counterfactual’s being true implies causal relevance), but not the other way around. (See the categories of the analysis below, e.g., in the chart.)
41. The approach I pursue is not circular. However, on my view, reducing  causes to full-fledged counterfactuals (see Section 7 below) does not qualify  as a non-circular reductive analysis, as counterfactuals hinge on cause-like conditions. (I here  exclude chance-consequent counterfactuals, which need not be that way.)

42. That is, their conjunction, or, if you will, the set comprising them.
43. In various places I have noted the importance of this counterfactual  probability and delineated the direction of moving to a position where the truth value of the counterfactual in an indeterminisitic world is determined by such counterfactual probability; e.g., in ATC, ch. 2, note 45, and my  “Counterfactuals”, note 2. An alternative to a commitment to counterfactuals’ having truth values is to consider the counterfactual probabilities as the semantic markers of counterfactuals.

44. Such a move has consequences  regarding the  logic of counterfactuals.  Accordingly, in view of the lottery paradox in a counterfactual form,  it’s clear that the counterfactual inference
A>B
 A>C 
———
A>B &C
is not valid. Thus, by adding information to the consequent the counterfactual probability goes down. Further developments of these points must await another occasion. 
45. As I indicate in my "A Counterfactual Theory of Cause", note 109, such a move does not affect the  counterfactual analysis of cause developed in that paper. Yet note that the major thrust of the present paper is in the opposite direction, which I take to be the preferred and fundamental one: that of analyzing counterfactuals in terms of chances and the notion of cause, and given my chance analysis of cause, ultimately solely in terms of chances.
46. I here (in section 3) resort to material in my "A Counterfactual Theory of Cause", section 5. 

47.  Ibid. See also my “A Counterfactual Theory of Cause”, section 4, and my "Causal Relevance", New Studies in Exact Philosophy: Logic, Mathematics  and Science, Vol. II., John Woods and Bryson Brown (ed.), pp. 59-90, Hermes Scientific Pub. Co., February 001.

48.  The conditional chance in (2) being high is what I consider to be the appropriate rendering of the notion of objective inferability. I introduced it in CTC, section 5. In my earlier writings, in particular in ATC, I used an inferential schema instead of the conditional chance, and the notion of inferability. The notion of inferability does not bring out to an appropriate extent the objective features of the truth makers of the counterfactuals, and hence the chance in terminology. Accordingly, by switching from an inferential schema to the objective chance, I resort to the intermediate events to preserved as preserved intermediaries here, whereas in ATC, with the notion of an inferential schema, I considered their specifications as 'implicit premises'. The present presentation seems to be clearly preferable. 
49. In general, A in schema (5) may also be true, though typically it is false, and I generally assume that this is so in this paper. But it doesn't have to be – these schemata cover true-antecedent counterfactuals as well; see my "Counterfactual Ambiguities, True Premises, and Knowledge". Yet on the chance formulation of the counterfactual schema Modus Ponens need not hold. But counterfactuals with true antecedents are not pragmatically assertible, and we don't have intuitions regarding their truth values. When such a counterfactual is asserted on the basis of false epistemic presuppositions (that is, that the antecedent is false), and the consequent ends up being true, a defensible response by the speaker is to retract the counterfactual assertion on the legitimate basis that a presupposition of it failed. The closest formulation of his intentions, I would say, would be the non-counterfactual subjunctive 'if A were to be the case, then B would be the case'. The truth conditions of such conditionals do endorse modus ponens, and on that basis he is subject to criticism and would be presumably in a position to retract the subjunctive conditional that best fit his intentions on the occasion of utterance. But since a cause candidate has to be actual, the clause in the curved parentheses should be read literally when, as I in general assume in this paper, A is not true, but should be read as ~A if A is false. But for simplicity of formulation, I will use the locution 'the A-event' as specifying the actual event specified by A, although I do employ locutions such as 'A has purely negative causal impact on …' for simplicity and in order to preserve intuitive force; but its literal meaning, when A is false, is 'the ~A-event has purely negative causal impact on …'. The same holds for schema (5) below regarding the clause ‘A is not a cause’.

50. See my “Cause and Some Positive Causal Relevance”, Philosophical Perspectives,  11 Mind, Causation and World, J. Tomberlin (ed.), 1997, pp. 401-432 section 6; “Causal Relevance”, section 3; and “A Counterfactual Theory of Cause”, section 4. The thesis is informal in that it leaves open a choice for a precise formulation of the notion of some positive causal relevance. But in this respect it is at the right level for interfacing with the above analysis of counterfactuals, which employs the notions of causal relevance and purely negative causal relevance. Making this notion precise is not necessary for our concerns in this paper; but the analysis of probabilistic causation that I offered does just that: see my “Causal Relevance” and “A Counterfactual Theory of Cause”, sections 4.

   As indicated above, for simplicity of formulations, I employ the variables 'A', 'C' etc. ambiguously for the sentences that are the antecedent and consequent of the counterfactual connective as well as the events specified by them. So when I use the loose formulation 'A is a cause of …', this should be read as: the 'A-event is a cause of …', where the A-event is the event specified by the sentence A. 'Event' here is used in the broad sense of a fact, covering also states, etc.  

51. See "A Counterfactual Theory of Cause", Synthese, 127, 3, June 2001, pp. 389-427, section 5, and ATC, ch. 2, sections V, VI. 

52. For both, see "A Counterfactual Theory of Cause", sections 1-5.
53. Note that the (tA, tC) interval extends all the way to the upper end of the pertinence time of C.  
54. In ATC I formulated the analogues of (2) and (4) in terms of inferability, using ‘-L->’, i.e., in terms of nomic inferability, where 'L' was supposed to be the nomic structure. Nomic inferability in an indeterministic world, on which our discussion in this paper centers, doesn’t amount to nomic entailment. In an indeterministic world, nomic entailments are few and far between (assuming both micro and macro indeterminism). Nomic inferability amounts to a viable non-deductive inference in view of the nomic constraints. The nomic constraints confer, in cases of nomic inferability, high chance on the consequent given the antecedent of the inferability schema. So the above formulation in the text sharpens the notion of nomic inferability and makes it explicit by conceiving it as a case of the antecedent of schema (4) conferring high, and high enough, chance on the consequent (and also improving it by moving from sentential schemata to probabilities over events). 
55. That is, schema (6) is objective just as objective chance is, and of course, putting aside whatever context sensitivity A and C may bring: the schema with particular sentences need not of course be context independent. On my view, the relation of being a token cause, which is the relation governing the preserved intermediaries, is analyzable fully and exclusively in terms of chance, and thus is also non-context dependent and non-interest relative, and is consequently objective. For a chance-based account of causation, see my “Probabilistic Cause and the Thirsty Traveler”, Journal of Philosophical Logic, 31, pp. 139-179, 2002.

56.  Causal irrelevance and causal independence, as I use the terms, are inverse relations: A is causally irrelevant to C iff C is causally independent of A. 
57.  In ATC I have emphasized and argued in considerable detail that the set of intermediate events to be retained for the analysis of such counterfactuals are ones of which ~A, the negation of the antecedent, is either causally irrelevant to the consequent C or else is purely negatively causally relevant. In my "A Counterfactual Theory of Cause" (ibid), I have specified and argued in detail that the relation of being a cause amounts to some positive causal relevance. Causal irrelevance is incompatible with some positive causal relevance. Hence causal irrelevance implies not being a cause, and thus, if A is causally irrelevant to C, on the account of counterfactual in both ATC and CTC, A is to be retained as an implicit premise for the core (preservational) counterfactual A>C. In the terminology adopted here, if A is causally irrelevant to C, the event specified by ~A is a preserved intermediary.
58.  Lewis explicitly avoids committing himself to similarity regarding particular matters of facts, saying that different examples suggest different directions; see his "Counterfactual Dependence and Time's Arrow", Nous, 1979.

59.  I am using the notion of being a cause, here and elsewhere, in the very weak sense of being a mere cause -- of just having some positive causal impact, even very little, a notion that is distinct from the notion of causing, or of being a significant cause. Typically, for every event there are lots of mere causes.
60. See her “The Content of Counterfactuals and Their Role in Explanation”, in Cause and Chance, P. Dowe and Paul (eds.), International Library of Philosophy, 2003.
61. Barry Loewer raised the possibility that we augment the example so that x was scheduled to be seated next to the passenger, who had the explosive device strapped to his body. This need not be a part of the natural reading of the example: I would have assumed that the explosive device was checked in. Still, the intermediate facts, on a natural reading of the example, can be taken to bear out that the absence of x next to the terrorist was causally irrelevant to whether or not the terrorist pushed the button and to other pertinent aspects regarding the incident, and so the counterfactual seems, intuitively, still true. On the other hand, however, one presumably might be able to modify the example so as to make the absence of x causally relevant to the explosion in an appropriate way, and in particular to be a cause of it (e.g., if an empty seat next to the terrorist played a positive causal role in the terrorist's setting the device off). In this case, our intuition of the assertibility of the counterfactual would dissipate.

62. Although the precise formulation here is different.

63. In relation to the analysis below, the analysis in ATC was simpler in its overall structure in ignoring process that are not sufficiently likely to have led to the antecedent-event. Here we take all such processes into account.

64. "Counterfactual Ambiguities, True Premises and Knowledge”, sections 4, 5,and 6.
65.  But the same applies to an actual one as well. 

66. It can be close, or very close, to 0. This is not a point I will dwell on now. In such cases, I have argued that there is an ambiguity phenomenon between these two interpretations – the broader, reconstructional one, discussed now, and the above preservational account. For details, see "Counterfactual Ambiguities, True Antecedent, and Knowledge", sections 4, 5, 6. An earlier and less developed treatment is ATC, ch. 9, part III. A major example of this sort is the pair of the well-known Downing counterfactuals (Jim-Jack counterfactuals; cf. also Lewis’ analysis of this case in his “Counterfactual Dependence and Time’s Arrow”, Nous, 1979).
67. The divergence point is a function of A, but not of C.

68. In ATC, since I have not explicitly pursued the counterfactual probability as a mediator between the other components of the analysis and the truth value of the counterfactual, I have opted to select the processes most likely to have led to A, and ignore the rest. Here I take the rest of the processes that could have led to A into account as well. 

69. Recall that tA_ is roughly the lower edge of the tA interval – the temporal interval to which A pertains; see note 11 above. 

70.  The set of these events is independent of the counterfactual A>C. 

71. This amounts, on the basis of my account of causation, to the conjunction of the stages of Pi not being a cause of them, since, on my account, if B and D are causes of C, so is B&D. 

72. For a more precise proof, see ATC, ch. 9, section I. 

73. I.e., in a way conducive to raising the augmented probability of A given Pi. 

74. In principle, one may explore the option of adding coefficients to each of these two weighting components. 

75. Microfish, University of Pittsburgh. It substantively comprises the first 6 chapters of ATC.

76. Yet cases in which there are no processes highly likely or even sufficiently likely to have led to A cannot be excluded. 

77. Although there is here an element of distortion, e.g., if there is one process highly likely to have led to A, and lots of processes less likely to have led to A, but which are not too unlikely to have led to A.

78. We can call the later preserved intermediaries P-I(A), and the earlier preserved intermediaries P-I(Pi). PI(A) covers the interval up to tC-. We can call the union of the preserved intermediaries – both the earlier and the later ones --  P-I(Pi+), which cover the interval up to tC-. P-I(Pi) covers the interval up to tA_, i.e., up to tPin_, since the last stage of Pi is A.  
79. Mutatis mutandis – the preserved intermediate events must be such that the process in question not be a cause of them, for them to qualify in being preserved in the counterfactual probability for the specific process.

80. A counterfactual of this sort is Downing counterfactual: Had Jim asked Jack a favor, it would have had to have been the case that the two not have quarreled. See P. B. Downing, "Subjunctive Conditionals, Time Order, and Causation", Proceedings of the Aristotelian Society, LIX (1958/9), pp. 125-40.
81.  For further details and argumentation, see my "Counterfactual Ambiguities, True Antecedents, and Knowledge", Synthese, Vol. 100, no. 1, July, 1994, pp. 133-164.
82. Of course, the antecedent and consequent themselves may be, and usually are, context dependent – but not the counterfactual connective as such.  

83. Or at least once Verdi, who was the older, was conceived, given my commitment to essentialism of origins.

84. Such an approximation would typically have to be done, since it's impractical to go through lots of processes. But since the probability of the process (minus the antecedent) given the antecedent is a weight in its contribution to the sum which is the counterfactual probability, the less likely the process, the lesser, other things being equal, is its contribution. Focusing on processes most likely to have led to the antecedent is highly plausible, and it's the route I have opted for in ATC. The probabilistic unpacking of this notion of the counterfactual probability for a given process is along the same lines above: the product of the probability of the conjunction of the stages of the process (without the antecedent event) given the antecedent event and the probability of the antecedent given the process and of the augmented probability of the consequent given the process – only that the summation is over most likely process to have led to the antecedent, i.e., processes with highest weights. So as a typically good enough approximation for the assessment of the counterfactual probability, and thus of the truth value of the counterfactual, we may well limit the processes under consideration to these.  
85. Assuming that staying in France sufficiently long, or moving there at a young enough age, would qualify Verdi as (at least also) French.

86. Of course, better assessments would take other processes into account (e.g., Verdi's being kidnapped), and the prospect of such processes would only add to the counterfactual probability, since it would add the counterfactual probabilities for such processes, the sum of which is the counterfactual probability of (8). 

87. The Stalnaker-Lewis semantics for counterfactuals sanctions inferences that the above analysis does not, such as the agglomeration inference to A>B.C from A>B and A>C. See my "Counterfactual Assertibility, Counterfactual Lotteries and the agglomeration inference, and triviality results" (draft).
88. See the previous note.

89. See Lewis' "Counterfactual Dependence and Time's Arrow". 

90.  Of course, so long as the notion of chance is acceptable, and it surely was for Lewis. 
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