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                    Abstract
This note is a sequel to Huber (Synthese 191:2167–2193, 2014). It is shown that obeying a normative principle relating counterfactual conditionals and conditional beliefs, viz. the royal rule, is a necessary and sufficient means to attaining a cognitive end that relates true beliefs in purely factual, non-modal propositions and true beliefs in purely modal propositions. Along the way I will sketch my idealism about alethic or metaphysical modality.
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                    Notes
	Not everybody is willing to identify the latter two, though. See Bennett (2003).


	
Lewis (1986a) is a realist about possible worlds, but not about counterfactual distance (Lewis 1979). Lewis (1986b, 1994) does not want to be a realist about chance.


	This choice may seem arbitrary, but the reader needs to keep in mind that the costs of an expressivist account of counterfactuals are huge. If counterfactuals do not express propositions, then the same is true of any theory relying on counterfactuals, such as counterfactual theories of causation, causal decision theory, dispositions, knowledge, responsibility etc.


	Alternatively one could pick out those factual \(\llbracket \alpha \rrbracket \)-worlds f that are \(r_w\)-minimal or no more distant according to \(r_w\) than \(f_w\) is (in the precise sense that is formalized in analogy to the definition of \(A^{r_w}\) above). This is an alternative definition, because \(f_w\) need not be assigned rank 0 by \(r_w\) and so can have a higher \(r_w\)-rank than the \(r_w\)-minimal factual \(\llbracket \alpha \rrbracket \)-worlds. In this case the resulting semantics is sound and complete with respect to the conditional logic VW that results from V by adding the axiom schema: [image: ].


	
Herzberger (1979) shows the limit assumption to be equivalent to the condition that the set of counterfactual consequences [image: ] of any consistent sentence \(\alpha \) be consistent.


	The weak centering assumption validates the axiom schema: [image: ]. As noted in footnote 4, this axiom schema can also be validated by changing the truth-condition for the counterfactual conditional instead of making the weak centering assumption. The strong centering assumption validates the axiom schema: [image: ]. This axiom schema cannot be validated by changing the truth-condition as in footnote 4.


	In classical Moorean sentences this additional part is a meta-disbelief about one’s first-order disbelief in A. If made explicit it gives rise to infinitely long Moorean sentences: A and I don’t believe that A and I don’t believe that I don’t believe that A etc. The auto-epistemological reflection principle (Spohn 2012, Chap. 9, relying on Hild (1998)) implies that the ideal doxastic agent is certain of what her own beliefs are. Therefore it rules that all these Moorean sentences be disbelieved, including the original one.


	The idea that counterfactual distances are relative to the antecedent of the counterfactual conditional under evaluation is endorsed by Bigaj (2006) and, in a different context, criticized by Cross (2008).


	What to do in order to avoid believing a falsehood about the modal status of a factual proposition is explained in Huber (2015b).


	Obviously the second claim that has been established logically implies the claim that results from the first claim by substituting ‘\(\varrho \) 
                              A-tracks the truth of A’ for ‘\(\varrho \) tracks the truth of A.’


	There are, of course, also the unconditional versions of probabilistic sensitivity and safety, respectively. The objective chance is high that one’s subjective credence in A is high given that A is true. For all \(A\subseteq W\) and all \(v\in W\), \(ch_v\left( \left\{ x\in W:cr_x\left( A\right) =high\right\} \mid A\right) =high\). The objective chance equals c that A is true given that one’s subjective credence in A equals c. For all \(A\subseteq W\) and all \(v\in W\), \(ch_v\left( A\mid \left\{ x\in W:cr_x\left( A\right) =c\right\} \right) =c\).
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Appendix
Appendix
Someone interested in studying safety, and not bothered by Huber’s (2014) thought that it is important to distinguish between the factual components \(f_w\) and the modal components \(r_w\) of a possible world w, will find the following models more elegant: \(\left( W,\left( R_w\right) _{w\in W},\left( S_w\right) _{w\in W}\right) \), where W is a non-empty set of possible worlds, \(\left( R_w\right) _{w\in W}\) is a family of arbitrary functions from \(\wp \left( W\right) \) into \({\mathbb {N}}\cup \left\{ \infty \right\} \), and \(\left( S_w\right) _{w\in W}\) is a family of regular subjective ranking functions from \(\wp \left( W\right) \) into \({\mathbb {N}}\cup \left\{ \infty \right\} \).
In this set-up the royal rule says: for all \(v\in W\) and all \(A\subseteq W\), and all “v, A-admissible” propositions \(E\subseteq W\),
$$\begin{aligned} S_v\left( A\mid \left\{ w\in W:R_w\left( A\right) =n\right\} \cap E\right) =n. \end{aligned}$$

With the right assumptions about admissibility it follows from these assumptions that \(R_w\) is a ranking function for each \(w\in W\). In particular, the condition from sections 3 and 4 that \(r_w\) be a ranking function is not an assumption of the present paper, but rather a consequence of the royal rule that I have taken for granted to simplify the presentation of this paper (for a derivation see Huber 2014).
In this set-up, instead of considering cases \(\omega \) one considers possible worlds \(w=\left( \llbracket \rrbracket _w,R_w,S_w\right) \). Sensitivity says: for all \(v\in W\) and all \(A\subseteq W\), all A-worlds w that are \(R_v\)-minimal are such that \(S_w\left( A\right) =0\). Adherence says: for all \(v\in W\) and all \(A\subseteq W\), all A-worlds w that are \(R_v\)-minimal are such that \(S_w\left( W{\setminus } A\right) >0\). Safety says: for all \(v\in W\) and all \(A\subseteq W\), A is true in all \(R_v\)-minimal worlds w in which \(S_w\left( W{\setminus } A\right) >0\).
One conditional version of sensitivity says: for all \(v\in W\) and all \(A\subseteq W\), all A-worlds w that are \(R_v\)-minimal are such that
$$\begin{aligned} S_w\left( A\mid \left\{ x\in W:R_x\left( A\right) =R_w\left( A\right) \right\} \cap E\right) =0 \end{aligned}$$

for all “w, A-admissible” \(E\subseteq W\). One conditional version of adherence says: for all \(v\in W\) and all \(A\subseteq W\), all A-worlds w that are \(R_v\)-minimal are such that
$$\begin{aligned} S_w\left( W{\setminus } A\mid \left\{ x\in W:R_x\left( W{\setminus } A\right) =R_w\left( W{\setminus } A\right) \right\} \cap E\right) >0 \end{aligned}$$

for all “\(w,\left( W{\setminus } A\right) \)-admissible” \(E\subseteq W\). One conditional version of safety says: for all \(v\in W\) and all \(A\subseteq W\), A is true in all \(R_v\)-minimal worlds w in which
$$\begin{aligned} S_w\left( W{\setminus } A\mid \left\{ x\in W:R_x\left( W{\setminus } A\right) =R_w\left( W{\setminus } A\right) \right\} \cap E\right) >0 \end{aligned}$$

for some “\(w,\left( W{\setminus } A\right) \)-admissible” \(E\subseteq W\).
These conditional versions consider the truth about the modal status of A in the word w the agent is in. Quite different conditional versions consider the truth about the modal status of A in the world v where the counterfactual conditional is evaluated. The conditions studied in this paper considered if the agent believes A in w conditional on what is true about the modal status of A 
                           in the world w she is in. The different conditions consider if she believes A in w conditional on what is true about the modal status of A 
                           elsewhere, in a different possible world v.
One way to think of the former conditions is in terms of what is true from the first person perspective of the agent, and to think of the latter conditions in terms of what is true from the third person perspective of some tracking-ascriber. The latter conditional versions of sensitivity and adherence and safety say: for all \(v\in W\) and all \(A\subseteq W\), all A-worlds w that are \(R_v\)-minimal are such that \(S_w\left( A\mid \left\{ x\in W:R_x\left( A\right) =R_v\left( A\right) \right\} \cap E\right) =0\) for all “v, A-admissible” \(E\subseteq W\). And: for all \(v\in W\) and all \(A\subseteq W\), all A-worlds w that are \(R_v\)-minimal are such that \(S_w\left( W{\setminus } A\mid \left\{ x\in W:R_x\left( W{\setminus } A\right) =R_v\left( W{\setminus } A\right) \right\} \cap E\right) >0\) for all “\(v,\left( W{\setminus } A\right) \)-admissible” \(E\subseteq W\). As well as: for all \(v\in W\) and all \(A\subseteq W\), A is true in all \(R_v\)-minimal worlds w in which \(S_w\left( W{\setminus } A\mid \left\{ x\in W:R_x\left( W{\setminus } A\right) =R_v\left( W{\setminus } A\right) \right\} \cap E\right) >0\) for some “\(v,\left( W{\setminus } A\right) \)-admissible” \(E\subseteq W\).
Bayesians may want to interpret \(R_w\) as the objective chance distribution of world w, \(ch_w\), and \(S_w\) as the ideal doxastic agent’s subjective credence function in w, \(cr_w\) (as well as change the domain and range to some suitable algebra as well as the unit interval, respectively). On this probabilistic interpretation the royal rule becomes Lewis’ (1980) principal principle, and the probabilistically re-interpreted set-up allows one to study which ends the principal principle furthers (Pettigrew 2013 is an excellent study of this kind). In addition one can study which norms further the following cognitive ends that also consider what is true about the chance of A from the third person perspective mentioned above:
	
                      The objective chance is high that one’s subjective credence in A conditional on the truth about the objective chance of A is high given that A is true. For all \(A\subseteq W\) and all \(v\in W\) and all “v, A-admissible” \(E\subseteq W\), \(ch_v\left( cr\left( A\mid \left\{ x\in W:ch_x\left( A\right) =ch_v\left( A\right) \right\} \cap E\right) =high\mid A\right) =high\).

                    
	
                      The objective chance equals c that A is true given that one’s subjective credence in A conditional on the truth about the objective chance of A equals c. For all \(A\subseteq W\) and all \(v\in W\) and all “ v, A-admissible” \(E\subseteq W\), \(ch_v\left( A\mid cr\left( A\mid \left\{ x\in W:ch_x\left( A\right) =ch_v\left( A\right) \right\} \cap E\right) =c\right) =c\).

                    

Here \(cr\left( A\mid C\right) =high\) is the proposition \(\left\{ x\in W:cr_x\left( A\mid C\right) =high\right\} \).
Of course, in this more elegant and general set-up, it is not possible anymore to say that admissible information is purely modal information, as we have done in this paper. The reason is that, in this more elegant and general set-up, the very distinction between factual information and modal information cannot be drawn without further assumptions. Admissibility now is relative to a proposition and a world (and, of course, a credence function), and this is only the tip of the iceberg that is known as the “big bad bug” (Rachael 2009) and that is the reason for Huber’s (2014) complicated set-up in the first place.Footnote 11
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