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1 A Bayesian bottleneck

There is a tension between the broadly decision-theoretic view of agents and a certain stan-
dard picture of linguistic communication. If we adopt both, we are driven to the view that
linguistic communication involves a curious bottleneck. We do better, ultimately, to change
the standard picture of communication. Let me explain.

Communicating agents aim, generally speaking, to achieve some coordination on aspects
of their states of mind by exploiting common knowledge of relevant dimensions of the syntax,
semantics, and pragmatics of their language. Now suppose, in the spirit of the decision-
theoretic perspective, that agents engaged in conversation are equipped with doxastic states
representable by probability spaces and preference states representable by utility functions.
Then if agents wish to coordinate on aspects of their credences per se, or on aspects of their
utilities per se, by using language, their route must be indirect, given usual ways of mod-
eling linguistic communication. The reason is that standard approaches in semantics and
pragmatics have generally framed the enterprise of communication in a way which takes the
transmission of nongraded, ‘binary’ belief as the paradigm. What one generally ‘puts into
play’, in making an assertion, is a potential object of (nongraded, binary) belief—a proposi-
tion. What the compositional semantics of the language is charged with doing, fundamentally,
is determining propositions relative to context. The attitude of mutual presupposition which
supports the informational common ground of a conversation—the body of information we
aim to influence and update via speech acts like assertion—is assumed to be analogous to
the state of nongraded, binary belief. From a decision-theoretic perspective, this picture of
communication is fixated on the objects of credence and preference, and lacks explicit room
for the structure of credence and preference per se: it is designed around coordination on
propositional objects for attitudes, and not for coordination on the probabilities or utilities
to be assigned to those objects. And this makes for a bottleneck when our Bayesian agents
wish to coordinate, not just on certain objects of credence or preference, but also on how
likely to regard an outcome, or how much to prefer it.

Here is a simple example. Blaise doesn’t know what to think about whether it is raining
in Paris, and it matters for his plans. Thomas happens to have highish credence in the
proposition that it is raining in Paris. As I would like to put it, Thomas is in a certain

*Various references still to be added. My aims here overlap in important ways with those of Rothschild
[2012 forthcoming].



informational state assigning that proposition a highish probability. Thomas and Blaise are
nearby, friendly, speak a common language, and other things are equal. Thomas wants to
impart the relevant information his state of mind carries to Blaise. To accomplish this on
the usual picture, Thomas effectively needs to find a way to pack his graded, non-binary
state of mind into a nongraded, binary one. He must find a proposition to add to the black-
and-white common ground he shares with Blaise, such that when Thomas proposes to add it
to the common ground (asserts it), Blaise will get the idea that the thing to do, if Thomas
is right, is to enter a certain gray doxastic state of mind and assign highish credence to
the proposition it is raining in Paris. He must resort to this indirect path because on the
usual picture, while one can express the objects of credence directly, one cannot directly give
voice to the particular ways one apportions probabilities to those objects.! The standard
framework is not designed to accommodate the possibility of “expressing” aspects of one’s
credal state besides their propositional content.

Instead of expressing his credal state directly, Thomas must therefore take other measures.
For instance, he might elect to describe the relevant features of his state of mind, by finding
and expressing a proposition about his credence. He might express the proposition that his
confidence in a rainy Paris is within such-and-such bounds, or say something like ‘I am quite
confident it is raining in Paris’. Thereby a proposition about Thomas and his confidence level
would enter the common ground. This, presumably, would pragmatically cue Blaise to adjust
his credence in the relevant proposition (at least given appropriate background assumptions,
such as that Blaise ought to take Thomas’s confidence level on this kind of matter as a guide
to his own). But the simple point here is that this is a quite indirect path. The attitude state
Thomas meant to give voice to here—his highish credence in a rainy Paris—was one about
the rain in Paris, not about himself. And ultimately his aim is to get Blaise to apportion
probability in a certain way, not accept something about his confidence level. (Compare: if
Thomas wanted to express his ordinary belief that Paris is the capital of France, he could
simply say, in an appropriate context: ‘Paris is the capital of France’. He would not have to
resort to expressing a belief about his belief state, by saying ‘I believe Paris is the capital of
France’.)

Or again, suppose the question at issue concerns which of a class of actions it would be
best for us to realize. We are deliberating how to spend the day, and the question arises
whether to take off for Paris. It is common knowledge among us, suppose, that we slightly
prefer spending the day in a sunny Paris to staying home, and would greatly prefer both to
spending the day in a rainy Paris. Armed as I am with high confidence in rain, I want to
make it clear to you that heading to Paris is not the thing to do—in Bayesian terms, not a
way of maximizing expected utility. What I want to coordinate us on is a certain complex
feature of a rational state of mind, a feature which is a function both of the probabilities I
take to be assigned to outcomes as well as the utilities I take to be associated with them.

LA threshold view of assertion (according to which assertion, as a matter of convention, paradigmatically
calls for, say, .9 credence, or some number fixed by context) would enable some probabilistic information to
get through pragmatically, but it would still leave a substantial bottleneck. We can, anyway, stipulate that
Thomas’s credence in a rainy Paris is below the putative threshold.



What I want to get across is the idea that on all of the admissible ways of apportioning the
probabilities and utilities, heading to Paris is not a relevantly utility-maximizing option. To
accomplish this on usual picture, I again must take an indirect route. I need to find a way to
pack this complex property of my state of mind into some kind of propositional package, so
that it can be transmitted across our black-and-white common ground. I cannot give direct
voice to my utilities, or to the structure of my preferences, in the way that I can give direct
voice to the objects of my credence. To get aspects of my preference or utility state across, I
am forced to resort to indirect measures, such as the strategy of asserting propositions about
myself.

The resulting situation looks strange. To communicate with language, our Bayesian
agents have adopted a practice which compels them to squeeze their decision-theoretically-
structured states of mind into a binary, ungraded propositional medium for transmission.
This is logically possible practice, but it is a curiously restrictive one.

Certainly it is possible for things to have been set up differently. A more direct practice
might have been in place. Rather than a black-and-white common ground, our agents might
have had a common ground allowing for probabilistic shades of gray. Or to switch metaphors:
rather than a perfectly flat common ground, with all propositions on a par, our agents might
have enjoyed a common ground admitting of probabilistic landscaping. That is to say that
our agents might have had states of presupposition admitting of a representation akin to
that of graded belief, or credence. This richer common ground would enable a wider array
of possible rational conventional practices for changing or updating it. Among other things,
it would make room for the idea that agents can coordinate on, or express, or assert (not
just possible objects of credence, but) aspects of their credal states. Thomas, for instance,
could express that aspect corresponding to his assigning highish credence to rain in Paris. His
speech act move could be to propose to add this property to the probabilistically landscaped
common ground.

The idea can be developed formally. If credal states are modeled probabilistically, a
property of a credal state corresponds to a set of probability spaces: the set of probability
spaces having the property. We can model a common ground as such a set: this would
reflect the set of probability distributions compatible with what is mutually presupposed.
Thomas now has a direct route for expressing the relevant property of his credal state of mind
(assuming, that is, that his language takes advantage of the extra structure). He can perform
a speech act tantamount to proposing to eliminate from the common ground those probability
spaces lacking the relevant property—as it might be, again, the property of assigning highish
probability to rain in Paris. If Blaise cooperates, their states of mutual presupposition would
then become directly coordinated with respect to that feature of Thomas’s doxastic state.
No indirect measures required. Thomas could directly express his confidence, and without
describing it.

We can see the possibility of saying something much the same for utilities. One can
imagine a semantics and pragmatics for a language which allowed for direct expressions
of aspects of one’s utility distribution. We follow the same basic recipe. First, add further



structure to our representation of the conversational common ground—this time, by equipping
the probability spaces left open in conversation with utility functions, the utilities compatible
with what we are mutually presupposing. Then allow for speech acts whose characteristic
conversational impact is to change the common ground by eliminating from it those ways of
apportioning utility lacking the relevant expressed property.

I hope it seems uncontroversial that a language whose semantics and pragmatics worked
in this way is at least logically possible. If not, what follows is meant to remove any doubt.
Further, I want to suggest in this paper that we can be profitably modeled as actually speaking
just such a language. When it comes to certain fragments of ordinary natural language, that
is, we do best to adjust the received view of linguistic communication. We do best to operate
with a richer, Bayesian conception of the conversational common ground, along the lines just
described; and we do best to operate with a richer conception of how speech acts can serve to
change the common ground. When we so operate, what we end up with is a view analogous
in important ways to a certain recent strand of the expressivist tradition in metaethics—
the strand largely due to Gibbard [1990, 2003]. What we end up with, I explain, is a kind
Bayesian expressivism.

My focus will chiefly be on a fragment of modal language: the fragment containing prob-
ability operators (probably, likely, and the like), and containing the deontic modal ought. 1
will describe a semantics and pragmatics for a fragment containing these modals as well as
epistemic modals and indicative conditionals, attitude verbs, negation and conjunction. The
story about probability operators and indicatives is one I have told in fragments elsewhere
(Yalcin [2007, 2010, 2011a]). The story about ought I sketch follows important work by Levin-
son [2003] and Lassiter [2011], among others. While I will eventually be interested here in the
semantic analysis of some specific constructions and their empirical motivations, my larger
concern is to engage with some of the central conceptual questions which arise within this
sort of project, and with clarifying the sense in which the view can be called ‘expressivist’.

2 Semantic value, content, context-change potential

Before setting out the semantics and pragmatics which will be our main concern, we do well to
clarify at the outset some terminology and separate some issues. Distinguish three questions
one might ask about any given declarative sentence of natural language:

(1) What is the semantic value of the sentence?
(11) What is the content of the sentence relative to a given context?
(1) What is the context-change potential of the sentence?

The questions each involve a different technical term. The first two terms will be familiar
to philosophers; the third will be more familiar to linguists working in semantics. I will
understand all of these terms as corresponding to functional role notions, so that it will be
intelligible to debate for each one just what the realizer of the relevant role is. Let me say a
bit about each of the three functional roles.



2.1 Semantic value

Start with ‘semantic value’. Here is the kind of explanatory work I assume the realizers of
the semantic value role are to perform:

(a) PRODUCTIVITY. The semantic values of expressions should play a central role in ex-
plaining productivity of language use: the empirical fact that competent speakers can
understand and produce complex expressions that they have never before encountered.

(b) cOMMUNICATION. The semantic values of sentences should play a central role in ex-
plaining how speakers communicate, and in particular, transfer information, by using
the sentence.

(c) CONSEQUENCE. The semantic values of sentences should play a central role in explaining
which sentences follow from which, and which sentences are incompatible with which.

Like most theorists, I mean to adopt the hypothesis that understanding a language requires
knowing, in some theoretical sense, what the semantic values of the expressions of the lan-
guage are; and I mean to adopt the hypothesis that in order to satisfy PRODUCTIVITY, we
must assume that semantic values are compositional.? I take it this way of using the term
overlaps substantially with what has typically been intended by ‘semantic value’ in the lit-
erature. This specification is of course just a rough beginning; in the context of further
assumptions, the theoretical role may be further refined.

2.2 Content

The notion of content is more fraught and contested. Among those prepared to theorize with
a notion of content, it is easy to find disagreement, not merely over what sort of entities play
the content role, but about how best to carve the role out.

I elect to start with an understanding of the content role one can find in a certain familiar
representationalist tradition within the philosophy of mind—partly because it is relatively
congenial to a Bayesian prerogative. On the target conception, content (or ‘propositional
content’) has two interrelated jobs to perform. First, content participates in an account of
the representational character (intentionality, aboutness) of mental states—particularly, the
states of belief and desire. Representation is, we take it, a matter of bearing content. The
realizers of the content role are whatever they need to be in order to tell a satisfying story
about mental representation. Second, the contents of mental states are assumed to be causal-
explanatory properties of them vis-a-vis action. Particular hypotheses about the belief and
desire contents of an agent generate ceteris paribus predictions about how the agent will be
disposed to act in various circumstances. The realizers of the content role must serve to
ground these explanations in an intelligible way. In particular, I assume the following as a
rough necessary condition for being in a belief state with the content P:

2That is, we must assume that the semantic value of a complex expression is generally a function of the
semantic values of its parts and its syntactic structure.



RATIONAL ACTION. To be in a belief state with content P is, at least, to be
disposed to act in ways that would tend to satisfy one’s desires in possible worlds
where P, together with one’s other beliefs, are true.?

This condition assumes that contents are the sorts of things which determine truth-conditions—
some way the world might have gone. It also assumes a kind of holism about the explanatory
or predictive import of content possession by belief and desire states. We presume further
that a notion of content so grounded can be extended, somehow, to other apparently represen-
tational states of mind—states like imagination, wondering, and presupposition, for instance.
We might hope to do this in part by elaborating the interconnections between the functional
roles of belief and desire and these other states.

That supplies a very crude, but for our purposes serviceable enough, sense of what kind
of work we expect the realizer of the content role to perform.* Adopting this conception of
the content role is, of course, a nontrivial move. Note that this way of specifying the content
role makes no explicit reference to language, or to syntactic structure, or to concepts, or to
“what is said,” and it makes no explicit appeal to any technical notions of semantics. Our
notion of content is initially grounded outside of the formal semantics of natural language.
This point is important. If some sentences, or sentences in context, are supposed to have
content—if there is some content which is normally the ‘object of assertion’ when a sentence
is tokened—we must extend the present notion, or give it some derivative sense.

Here is a simple, and I take it relatively traditional (if not uncontroversial) way of doing
that. Assume as above that normal linguistic communication centrally involves coordinated
states of presupposition. Like states of belief and desire, states of presupposition are states
of mind bearing content. The coordinated states of presupposition among a group of inter-

locutors jointly determine a common ground for their conversation, as follows:

A content P is common ground among a group of interlocutors just in case ev-
eryone in the group presupposes that P, and it is common knowledge within the
group that everyone in the group presupposes that P.

Following Stalnaker [1978], we take it that the mutually understood proximal rational aim of
the speech act of assertion is to change the common ground of the conversation, by adding
some content to the common ground. This idea requires the assumption that a declarative
sentence tokened in a discourse context is mutually understood by competent speakers of the
language to determine some item of content—if you like, the object of assertion. Supposing
that assumption is generally correct, we then have a useful sense in which sentences in context
can be said to have content. Briefly, the content of a sentence in context is that which is
mutually understood by the speakers of the context to be the content which is to be added to
the common ground, if an assertion of the sentence in the context is performed and accepted.

3 Note this condition assumes a binary, rather than graded, conception of belief. The Bayesian analogue of
this condition would advert to the idea that agents act so as to maximize utility. We will return to the matter

below.
“Broadly in the spirit of, e.g., Ramsey [1931], Stalnaker [1984], Dretske [1988], Lewis [1994], Braddon-
Mitchell and Jackson [2007], among others.



Suppose declarative sentences generally do have content in this sense. How do speakers
coordinate on the content of a sentence? The natural idea is that interlocutors leverage their
common knowledge of the compositional semantics of the language, together with any con-
ventional pragmatic rules. One logically possible way this could work is as follows. Suppose
semantic values are partly a function of context. Then the following might be the rule com-
mon knowledge of which enables competent speakers to recover the content expressed by a

sentence ¢ in context:
Kaplan’s Rule. The content of ¢ in ¢ = [¢]°.

That is, the content of a sentence ¢ in context is just identical to the semantic value of ¢
(i.e., [#]), when the latter is evaluated relative to the context. We could conceive of this rule
as a component of the pragmatics of the language, or as a rule at the semantics-pragmatics
interface.

The relationship between semantic value and content articulated by Kaplan’s Rule is

> Or so anyway it

often assumed without serious question in the philosophy of language.
appears; it is not obvious how much of the appearance is due to the terminological morass
surrounding ‘content’ (or ‘proposition’). Some theorists, notably Kaplan [1977/1989], seem
close to just using the word ‘content’ as just synonymous with ‘semantic value in context’.%
On such a use, the above rule would be true by stipulation. Be that as it may, it is important
to emphasize for present purposes that given the way we are mooring the notion of content,
the rule reflects a substantive empirical hypothesis about how the content of the sentence is
fixed in context. Certainly, there is nothing logically inevitable about it.

Indeed, it is worth reviewing two ways it is not inevitable. First, consider for example a
fictional tribe, the Negators (cf. the ‘tribe of Liars’ discussed by Lewis [1980]). The Negators
speak a language equipped with the same interpretation function as English, but their rule
for determining content in context looks roughly like this:

Negators’ Rule. The content of ¢ in ¢ = [—¢]°.

The Negators are an odd bunch, no doubt; but the point is that their linguistic practice is
perfectly possible, and it is one where Kaplan’s Rule would not apply.

Second and perhaps more interestingly, Kaplan’s Rule will be incorrect if the semantics
of the language is such that the kind of object you get, when you evaluate the semantic value
of a sentence relative to context, is just not the kind of object which plays the content role.

®Cappelen and Hawthorne [2009], MacFarlane [2009]... see Lewis [1980], Ninan [2010].

SCappelen and Lepore [1997] read Kaplan as grounding the content role in ordinary intuitions about what
is said: content is that which tracks intuitions about when what is said is the same or different. On this
reading, Kaplan’s Rule would be a hypothesis about how what is said relates to semantic value. This reading
of Kaplan, though it has nontrivial textual support, conflicts with Kaplan’s (correct) remarks to the effect that
what operators a language contains (and hence what kind of object [¢]° is) is “largely a matter of language
engineering” (504). It seems to me plausible that Kaplan simply did not have a very clear functional role for

the notion of content in mind.



Let me illustrate. Suppose one comes to the view that the best realizers for the content role
(as described above) are sets of metaphysically possible worlds (as in, say, Stalnaker [1984]).
And suppose, after developing one’s formal semantics for natural language, one comes to
the view that the best realizers of the semantic value role, for sentences, are a certain kind
of intension: namely, functions from contexts, worlds, and times to truth-values (as in, say,
the formal system of Kaplan [1977/1989], modulo relativization to variable assignments).”
Thus the interpretation function for the language would be relativized to contexts, worlds,
and times. (Maybe this amount of structure is required in order to model the semantics of
indexicals, modal operators, and temporal operators in the language; we needn’t get into
the details.) In this kind of case, Kaplan’s Rule would not apply. For in such a case, [¢],
evaluated at a particular context, would be a function from a pair of a possible world and a
time to a truth value. And this would just not be the same kind of thing as the kind of thing
which (our theory of content told us) plays the content role: sets of possible worlds.

In such a case, we would have to posit a different rule for determining content in context.
There are many logical possibilities. We could, for instance, have this rule:

Eternalizing Rule. The content of ¢ in ¢ = [¢]“te.

(Where ‘t.’ is the time of the context c¢.) Thereby we would evaluate the semantic value of
the sentence with respect to a particular context and time, and what we would be left with
is something only variable (or potentially variable) with respect to possible world. This, in
any case, would at least leave us with something of the appropriate type to play the content
role.

The larger point I wish to stress here is simply that the question of how the semantic
value of a sentence in context relates to its content is a nontrivial, substantive question, at
least if we see the notion of content as moored in the way I have described. Accordingly I do
not wish to assume, at this point, a particular rule for recovering the content of a sentence
in context from its semantic value. By now it should be clear that to assume a particular
rule, I would have to take a stand on a variety of controversial issues in semantics, syntax,
pragmatics, and the philosophy of mind. For now, I only wish to consider the hypothesis that
for natural languages like English there is such a rule, that the rule is finitely specifiable, and
that it forms a part of the presumed common knowledge among speakers of the language.
We can think of the rule as of this form:

The content of ¢ in ¢ = f([¢], ¢).

where f is assumed to be finitely specifiable.

2.3 Context-change potential

We come finally to what is, in certain ways, the most straightforward of the three notions. The

context change potential (CCP) of a declarative sentence describes its characteristic impact

"I do not mean for the preceding to suggest that two theoretical projects need to occur in isolation; that
is not the case.



upon any given common ground—its characteristic way of changing or updating what is being
mutually presupposed. It is given formally as a function from (prior) common grounds to
(posterior) common grounds.®

The preceding discussion of content, and in particular of the ‘object of assertion’-role,
already incorporates a simple idea about how any given sentence in context might be asso-
ciated with a CCP. To give an illustration, suppose we model a common ground simply as a
set of propositional contents. Write the CCP of ¢ in ¢ as [¢.], and (as is traditional) assume
postfix notation for context-change potentials, so that arguments of functions are written
to their left.” Then for any declarative sentence ¢ and common ground s in context ¢, the
following would be a way of specifying the function [¢.], given our recent discussion:

Stalnaker Update. s[¢.] = sU {the content of ¢ in c}

This says, along Stalnakerian lines, that the characteristic impact of assertion is to add
the content of the sentence in context to the common ground.'® This rule can be refined,
obviously, once a particular rule for recovering content from semantic value is specified. If

we assumed Kaplan’s Rule, for example, we could restate the above as:

sl¢] = s U{[¢]}

Thereby we would associate each sentence in context with its context-change potential.

The term ‘context-change potential’ originated within the dynamic tradition in semantics
(Heim [1982, 1983]). In the dynamic tradition (or the relevant part thereof), the composi-
tional semantic value of a sentence is identified with a context-change potential. Given the
genesis of the term, one might think that in order to speak of the CCP of a sentence (in
context), one must assume a dynamic semantics. But not so. One can speak with propriety
about the CCP of a sentence without assuming that the compositional semantics for the
language must take a dynamic form per se. The possibility of using a rule like Stalnaker
Update to associate sentences with CCPs illustrates this simple point.

Having distinguished these three notions, we can go on to ask what sort of semantic values,
contents, and context-change potentials are associated with the target modal fragment we are
concerned with: talk of what is likely and of what ought to be the case. As my introduction
hinted, I will work backwards. I will start by specifying the context-change potentials of these
sentences, beginning with talk about what is likely: I will address the question how exactly
such sentences characteristically change the common ground. In order to tell the story,
we first need to upgrade our conception of the common ground in the manner informally
described at the outset.

8The ‘context’ in ‘context-change potential’ adverts to the common ground—the informational context—of
the conversation, not to the concrete discourse location.

9This enables us to use the left-right order to reflect the order of update. Thus s[¢][¢/] denotes the result
of updating s with the CCP of ¢, followed by the CCP of .

10Stalnaker Update is a generalization of Stalnaker’s actual technical proposal.



3 Context probabilism

We want to move beyond the idea of modeling the common ground of a conversation as a
body of propositional content. We want to add Bayesian structure: probabilities and utilities.
And we want to add this additional structure in as conservative a manner as possible, so that
we needn’t give some radically new story about language which doesn’t obviously call for
Bayesian resources.

Start with the probabilities. We need some notion of a probability space. The following

will suit our purposes:
Def. Given a domain of worlds W, an information state i is a pair (s, Pr) of

1. aset s, s C W (call it the domain of i) and

2. a probability function Pr on the elements of some Boolean algebra of subsets
of W which is normalized on s (so that Pr(s) = 1.)

An information state is a probability space conditionalized on a primitively given domain
of possibilities. (The term ‘information state’ reflects our intended modeling application.)
Below this domain will be used to represent the possibilities regarded as open according to a
conversation.

Now at this stage we have at least the following two options for going ‘probabilist’ about
presupposition, and hence about the common ground. We can

(i) represent states of presupposition as information states; or

(ii) represent states of presupposition as sets of information states.

There is good reason to prefer the latter, especially if we retain the assumption that in the
optimal case, interlocutors are coordinated with respect to their presuppositions. Suppose you
ask me whether it is raining in Paris, and I say that it might be. It is now unambiguous that
the possibility of rain in Paris is open for all we mutually presuppose. Exactly how likely is
this possibility, for all we each presuppose? If our states of presupposition are probabilistically
precise, we can’t help but each associate specific numbers with this outcome. But that is
excessive. Even if we each had precise credences on the matter, why suppose that our states
of presupposition must be precise on the matter, especially given nothing explicit has been
said about its exact likelihood?

Moreover, even if each of our presuppositional states associated specific numbers with the
possibility of rain in Paris, then absent incredible luck, the numbers would differ. If they
differed, then a fortiori we would seem not to be in coordinated states of presupposition—
we seem not to be in the same presuppositional state. Our conversation would then be
in violation of what is usually taken to be a standing norm of presupposition. It would

be defective. Since cases like this are ubiquitous—normal communication rarely involves any

10



attempt to coordinate on specific probabilities for every mutually recognized live possibility—
the model would thus seem to imply extensive failures of coordination in presuppositional
states. But that is quite implausible.

Thus we have some initial strikes against the idea of representing a state of presupposition
with a single probability space. (We will encounter a further difficulty in the next section.) If
it is open whether it is raining in Paris and nothing has been presumed about just how likely
that is, we should like to say that essentially any way of assigning this outcome a probability
is compatible with what is mutually presupposed. This calls for sets of information states.
Let a state of presupposition, and likewise a common ground, be representable as a set of

information states. To have a name for it, call this thesis context probabilism:

Context probabilism. The common ground of a conversation is representable
as a set of probability spaces (information states).

(I have discussed this thesis in a few other places; see Yalcin [2005, 2007, 2011a].) We endorse
context probabilism while still maintaining a relatively standard schematic characterization
of when something is common ground, as follows (cf. [Stalnaker, 2002, 716]):

It is common ground that ¢ in a group if all members presuppose that ¢, and it
is common knowledge in the group that all members presuppose that ¢.

Note this schema is neutral on the ‘objects’ of the state of presupposition. In particular, it
does not assume that the truth-conditions of sentences of the form ‘A presupposes that ¢’
require that A stand in some binary presupposition relation to a propositional content. That
is, of course, one standard direction of development, but we are interested in another.

4 Probabilistic context-change potentials

In particular, we are interested in capturing the following idea: to presuppose PROBABLY ¢
is to be in a state of presupposition associating the ¢-outcome with a probability greater
than .5. For example, to presuppose that it is probably raining in Paris is to be in a state of
presupposition ruling out the option of associating the rain-in-Paris outcome with even-or-
worse odds.!! That is, one presupposes that it is probably raining in Paris if and only if the
information states ¢ left open by one’s presuppositional state are all such that

Pri(rainy Paris) > .5

If this state of presupposition is construed as a relation to an ‘object’, the best candidate for
that object would simply be the set of information states satisfying the above constraint—
what we might call a probability condition.'?> Talk of ‘objects of attitudes’ should be used

1 The assumption of a .5 cutoff point here is an idealization; the correct account of ‘probably’ is more
complicated and context-sensitive. See Yalcin [2010] for discussion. The required subtleties are orthogonal to
the present discussion.

12This object is much like what Jeffrey [1983b] calls a probasition, and what van Fraassen [1990] calls a
representor.
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with caution here, however, for we are not assuming that presupposition is a sui generis
relation to such objects.!?

We may now observe a further advantage gained by theorizing about presupposition with
sets of information states. We should like for there to be a difference between (a) presupposing
that it is not the case that an outcome is likely, and (b) not presupposing that the outcome
is likely. Absent some incoherence, being in the former state entails being in the latter state,
but not so the reverse; the former state is in some sense a more opinionated one. It is
difficult to see how to mark this difference with just a single probability space. If your state
of presupposition is given by a single information state, then if it fails to be a state according
to which a given outcome is likely—say, by assigning the outcome .374 probability—ipso facto
it is a state according to which it is not the case that the outcome is likely. By contrast, the
additional structure afforded by sets of information states allows us to mark the distinction.
If it is not the case that for all information states i that one’s state of presupposition leaves

open,

Pri(rainy Paris) > .5

then one counts as failing to presuppose that rain in Paris is likely. But this alone doesn’t
suffice to count as presupposing that it is not the case that rain in Paris is likely. For that,

we require that for all information states ¢ that one’s state of presupposition leaves open,

Pri(rainy Paris) < .5

Thus by resort to sets of probability spaces, we can mark the apparently undeniable difference
between ‘not presupposing likely’ and ‘presupposing not likely.’

This conception of what it is for the sentence ‘It is probably raining in Paris’ to be
common ground in context gives us a clear idea about what the context-change potential of
‘It is probably raining in Paris’ needs to do: we want it to take a common ground and output
a new common ground which is such as to leave open only information states satisfying the
relevant probability condition, and which otherwise leaves the context minimally changed. We
can achieve this result very simply as follows: given a common ground I (a set of information
states i), the CCP of ‘It is probably raining in Paris’ should map I to:

{i € I : Pri(rainy Paris) > .5}

13An analogy: suppose we describe my height in centimeters as falling within some interval of numbers.
Then this interval would constitute an ‘object of my height in centimeters,” and my height could be glossed
as a relation to this object. We can talk this way if we like, but it has little prima facie appeal, and we’d
have to remember that these ‘objects’ are only being used to isolate a possible property of a state of height.
(Compare Stalnaker [1984] describing the classic possible worlds model for belief: “Attitudes are primarily
attitudes to possible states of the world and not to the propositions that distinguish between those states. A
belief state can be represented as a set of possible worlds. Individual beliefs are properties of such a belief
state: to believe that P is for the proposition that P to be true in all the possible worlds in the belief state”
(69).
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Thus the sentence takes a common ground and eliminates from it those information states not
satisfying the probability condition determined by the sentence. Saying that it is probably
raining in Paris is a way of winnowing down the possible ways of apportioning probability
over the outcomes mutually recognized to be open in context. It adds a probability condition
to the common ground.

I suggest that doing this—changing, or proposing to change, the probabilities open ac-
cording to the common ground in this way—can be a way of expressing one’s credence. It is
a way of expressing one’s credence where the mutually recognized aim of the conversation is
one of belief or knowledge transference.

We can make this more precise. Say that an attitude is the conversational tone of a
group of interlocutors just in case it is common knowledge in the group that everyone is
to strike this attitude towards the propositions which are common ground. If the (or a)
conversational tone of a conversational is belief, then performing a speech act tantamount to
proposing to add a probability condition to the common ground is, we can say, a direct way of
expressing one’s credence. (If the conversational tone is different—if one is just telling a fairy
tale, for instance—then performing a speech act tantamount to proposing to add a probability
condition to the common ground is not plausibly construable as a case of expressing credence.
The context-change potential we have associated with claims about what is likely is thus not
constitutively tied to belief or credence.*)

We noted that we wanted our context probabilism to be conservative with respect to
language not obviously calling for Bayesian resources. A simple example of such language
would be the unmodalized sentence ‘It is raining in Paris’. Let us ask: what is it to presuppose
this ordinary, non-probabilistic item in a context probabilist setting?

On this we can maintain a version of the classic picture from Stalnaker [1978]: to presup-
pose what an ordinary factual assertion says is to be in a presuppositional state which rules
out those possibilities with respect to which what is said is not the case. To presuppose that
it is raining in Paris is to be in a presuppositional state excluding possible worlds wherein it
is not raining in Paris. Here is where we help ourselves to the assumption that the common
ground is not merely a set of probability measures, but rather a sets of probability spaces
each of which is equipped with a primitively given domain of possibilities. This allows us to
say that to presuppose that it is raining in Paris is for the following to be the case: for all
information states ¢ that one’s state of presupposition leaves open, it is raining in Paris in
all worlds w € s;. Ordinary factual information—the sort that characterizes ways the world
might have been, rather than ways of apportioning probability over possibilities—is in effect
reflected by the sample spaces of the probability spaces left open by the common ground.

Likewise we can maintain the Stalnakerian conception of assertion in connection with
ordinary factual talk. Stalnaker represents a common ground as a set of possible worlds
(the worlds left open by what is presupposed), and models assertion as a sort of proposal to
eliminate possibilities from the common ground. We can say something exactly analogous.

14 A good thing, since we can imagine, suppose, or presuppose things about what is likely compatible with
possessing any credal distribution. For further discussion see Yalcin [2007].
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Given a common ground I, the CCP of ‘It is raining in Paris’ should map I to:

{i€l:YweEs;:w € rainy Paris}

An assertion of this sentence thus eliminates from the common ground any information state
allowing for the possibility that it is not raining in Paris.

This enables us to see that we can have our context probabilist story about talk of what
is probable or likely, without needing an entirely new account of the pragmatic impact of
ordinary non-probabilistic, factual talk. The version of context probabilism just sketched can
be viewed as a conservative extension of a familiar non-probabilistic model of the common
ground and of assertion—Stalnaker’s. When the modeling of Bayesian language is not at
issue, we can if we wish ignore the probabilistic structure assumed by context probabilism
altogether, and just speak instead of the possibilities left open or eliminated by the common
ground.

5 Bayesian expressivism and content

5.1 Pulling apart two explanatory roles

I have explained what the context-change potential of sentences of the form PROBABLY ¢
generally look like for our Bayesian expressivist. Turn to the next question: what is the
content of such sentences on the target view?

Above I noted that if we wish to talk about the ‘object of assertion’ for such sentences,
the best candidate for that role would be a probability condition. This reflects what is added,
in the relevant sense, to the common ground. Should we therefore take probability conditions
to be contents? Should we say that the content of ‘It’s probably raining in Paris’ is given by
the set of information states assigning the rain in Paris outcome better-than-even odds?

We could use the word ‘content’ in this way, but I fear it would blur over distinctions we
should like to make. Let me explain.

Compare the state of believing that it is probably raining in Paris with the state of
believing that it is not likely that it is raining in Paris. According to the sort of textbook
Bayesian picture I want to assume here, to be in the former state is to lend high enough
credence—Dbetter-than-even odds—to the possibility of rain in Paris. To be in the latter state
is to be in a state lending even-or-worse odds to that possibility. Now we can ask, do these
two doxastic states differ in content?

Plausibly the answer is: they do and they don’t. They do in as much as they are states
of mind intentionally directed at the same possible state of affairs. The states do not differ
in what they are about. They are representationally alike. Insofar as we wanted the notion
of content to track purely representational similarities and differences between states, there
is a strong pull to say that these states do not differ in content.

Yet plainly the states are different. Most obviously they correspond to different causal-
explanatory properties of agents vis-a-vis action. Other things being equal, we can expect
different dispositions to act from an agent who believes that it is probably raining in Paris
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as compared to an agent believing that this is not likely. Insofar as we wanted the notion of
content to track causal-explanatory differences vis-a-vis action between doxastic states, then
we might wish to mark the distinctions between these states as distinctions of content.'?
The situation seems to be this: the two jobs we have asked the realizers of the content
role to perform are, in a Bayesian setting, better understood as being performed by different
objects. The what-is-represented role of content is performed, in the Bayesian setting, by
the outcomes (options, possibilities)—the possessors of probability and utility. But when
we wish to point to features of belief states which correspond to characteristic dispositions
to act (given assumptions about the agent’s desires), the features we want to point to are
properties of the agent’s credence distribution. After all, if we know only that an agent has
some doxastic attitude or other towards a certain outcome, but have no indication of how
much credence they have in the outcome, then while we know what the relevant state of mind

represents, we can predict little if anything about how the agent is disposed to act.'®

5.2 Force and content in a Bayesian setting

I can imagine a source of resistance to the view I have just described, rooted in a certain
classic way of understanding credence. Here is the way the understanding works. Start first
with the ancient distinction between attitude type (force, mode) and content, a distinction
which has its natural home in a binary conception of the attitudes. We explain the distinction
by example: believing it is raining and imagining it is raining are states with different forces,
but the same content; believing it is raining and believing it is snowing are states with the
same force, but different contents. Now to extend this distinction to a Bayesian conception of
belief, wherein binary belief gives way to varying degrees of credence, construe each possible
degree of credence as corresponding to a new force or attitude type. Thus, for instance,
having .55 confidence in some outcome and having .56 confidence in that outcome are states
with different forces, but the same content. And now returning to our previous example,
believing that it is probably raining in Paris and believing that it is not likely that it is raining
in Paris would be understood as states with the same content, but differing forces. On this

150n this point, we should pause to note that the RATIONAL ACTION condition described above, which
assumes a binary conception of belief, must be revised when we move to a Bayesian representation of agents.
A standard way of capturing roughly the same idea in a Bayesian setting would be the following;:

BAYESIAN RATIONAL ACTION. Agents act so as to maximize expected utility, relative to their
credences and utilities.

Observe that (unlike the earlier condition) there is no explicit mention of the notion of content per se here;
there is only the presumption that agents are in states of mind that associate probabilities and utilities with
outcomes or options. One could of course impose the notion of content onto the Bayesian model, using that
word for some aspect of the structure; but the model, considered on its own, seems not to cry out for the

additional vocabulary.
16This isn’t to suggest that the answer to the question what outcome an agent’s doxastic state is intentionally

directed toward is just irrelevant to the agent’s disposition to behave on a Bayesian picture; that is obviously
false. All I am noting is that this piece of information per se is much less predictive vis-a-vis action than one
might have hoped for realizer of the content role.
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conception, to construe the probabilistic dimension of a belief state as an aspect of content
is just to mix up the content of a state with its force.

It seems to me that this way of employing terminology is unhelpful at best. There is,
after all, a completely straightforward sense in which believing that it is probably raining in
Paris and believing that it is not likely that it is raining in Paris (or having .55 confidence
in some outcome and having .56 confidence in that outcome, etc.) are states of exactly the
same attitude type. They are doxastic states—as distinguished from states of preference,
imagination, presupposition, and so on.

Stepping back, we can say that a Bayesian model of belief recognizes two joints in nature
where the binary conception marks just one. On the binary conception, once you fix an
attitude type of a state, there is just one further question: what is the content of the state?
On a Bayesian model of belief, by contrast, there are two further questions: first, what
possibility does the state concern? Second, what probability does the state associate with
the outcome? If we shift to a Bayesian perspective, we should not continue assuming that
there is just one joint here, a joint marked by the old force-content distinction. We should
instead adapt our terminology to the nuance revealed by the model.

One might object that to describe a state of mind as associating a certain probability with
an outcome just is to describe it as a belief state. Hence the questions ‘What type of attitude
is it?’ and ‘What probability does the state associate with the outcome?’ do not come apart
logically in the way that both come apart from the question ‘What is the content of the
state?” This brings us to a crucial point. Our Bayesian expressivist rejects the assumption
that only states of belief may be probabilistically articulated. Indeed, it is constitutive
of the view as we have described it that states of presupposition, for instance, admit of
probabilistic structure. The expressivist approach I am in the process of recommending does
not associate sentences of the form PROBABLY ¢ with a condition on credal states per se.
Rather, the objective is to associate the sentence with a probability condition—a property
of information states. Since various attitude types—Dbelief, supposition, imagination, doubt,
presupposition—may be modeled as information states (or sets thereof), the language of
probability is not constitutively tied to the state of belief.

So let us adapt our terminology. I suggest we make the following threefold distinction

among the characteristic properties of intentional mental states:

I. Attitude type
II. Structural character

1. Representational content

‘Attitude type’ corresponds most closely to the classical notion of force. ‘Representational
content’ corresponds most closely to the classical notion of content. ‘Structural character’
adverts to certain properties states have in virtue of their particular formal structure per se.
(For now we have in mind chiefly the probabilistic structure of information states, but this

is meant to cover in a generic way any kind of structure one might posit in modeling broadly
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representational states of mind. As advertised, eventually we will consider the addition of
utility-theoretic structure.) We can illustrate the distinctions by explaining how the following
three attitude states come apart in respect of these features:

(a) believing it is very unlikely to be raining
(b) believing it is probably snowing
(c) imagining that it is probably raining

The states (a) and (b) are the same in respect of attitude type, differing in that respect from
(c). The states (a) and (c) are the same in respect of representational content, differing in
this regard from (b). The states (b) and (c) are the same in respect of structural character—
they are both states of associating high probability with an outcome—and they differ in this
regard from (a), which is a state of associating a very low probability to an outcome.

The probability condition associated with an informational state of mind is a property
the state has in virtue both of its structural character and its representational content. If
we wish to speak more generally about differences between states owing either to structural
character or representational content, we can speak generically of informational differences.
Thus we can say that the state described by (a) is informationally different than the state
described by (b). Or again, if one agent presupposes that it is probably raining and the other
presupposes it is not raining, we can describe this as an informational difference between the

states.!”

5.3 Representational content and informational content

At the beginning of this section we suggested the two explanatory roles associated with our
notion of content begin to come apart in the Bayesian setting: the roles seem realized, on the
most straightforward understanding, by different objects. So be it: the underlying Bayesian
reality is more complicated. Therefore we supplant our earlier jargon. Where we previously
had a single notion of content, let us now have two notions: representational content and
informational content (or just information). The former kind of thing determines a condition
on possible worlds or situations, and reflects what the state being characterized is about. The
latter kind of thing corresponds to a condition on information states—a probability condition.
Varying assumptions about the informational content of a doxastic state, holding fixed desires,
yields varying predictions for the agent’s behavioral dispositions. At the most general, it is
information which is the sort of thing that gets added to the common ground: if there are
‘objects of assertion’, these objects are informational contents.'®

1" This tracks, incidentally, the way of talking about information familiar from information theory. In that
theory the amount of information possessed by a state is a function, not just of what possibilities one can
eliminate, but also of what probabilities the state assigns to the open possibilities. Two states leaving open
the same possibilities but distributing probabilities over them very differently are described as informationally
different.

18 A5 in effect noted above (p. 16), the notion of informational content can be seen as a generalization of the
notion of representational content, inasmuch as any distinction between possible worlds can be mimicked by

17



6 Probabilistic compositional semantics

It remains to show how the context change potentials we have hypothesized for sentences
about what is probable or likely can be compatible with compositional semantics for the
probability operators probably and likely; and it remains to show that some such semantics
is not merely possible, but a contender as an analysis of the relevant fragment of natural
language. I have addressed these issues in some detail elsewhere (Yalcin [2007, 2010, 2011a,b));
what follows largely reviews relevant aspects of this work.

I will describe two possible semantic analyses of probability operators. One takes the form
of a traditional intensional semantics. The other takes the form of a dynamic semantics. I
will be neutral on which to prefer. My main motivation in describing two semantic accounts,
rather than just one, is to clarify the relationship between accepting Bayesian expressivism
and accepting a particular formal semantics. It is sometimes thought that expressivism about
a fragment of discourse is a particular thesis about the formal semantics of the discourse.
The expressivist is described as proposing an “expressivist semantics.” As I eventually ar-
gue below, this conception of expressivism is mistaken. Expressivism, although it imposes
demands on compositional semantics, is not itself a thesis of semantics. This point will be
easier to see once we have two different expressivist-friendly semantic accounts on the table.

6.1 An intensional semantics for probability operators

Aspects of the following account are discussed in Yalcin [2007, 2010, 2011a,b] (see also
Kolodny and MacFarlane [2010], MacFarlane [2011], Rothschild [2011a,b], Klinedinst and
Rothschild [2011], Gillies [2010], Khoo [2011]).

Suppose it is correct that for assertions of sentences like ‘It is probably raining in Paris’,
the relevant object of assertion—item added to the common ground—is a certain probability
condition, as described above. This imposes a demand on the compositional semantics of the
sentence. The demand is that the semantic value of the sentence be able to determine such
a condition.

To repeat a point emphasized above: the demand is not that the compositional semantic
value of the sentence be identical to this probability condition (informational content). That
requirement would be needlessly strong. It would suffice for the semantic value of a sentence
to merely determine its informational content. As long there is there a finitely specifiable
function from the semantic value of a sentence to its informational content, we will be able
to describe the update impact of the sentence (its CCP) in terms of the idea of adding that
information to the common ground.

To get to the formal proposal, assume a simplified formal language:

Syntax of L. The primitive expressions include sentence letters pi, ps,...; the

one-place operators =, < (epistemic might), A (probably); the two-place operator

a distinction between information states. So in making this claim we do not deny that there is an interesting
sense in which ordinary factual assertions can be said to add representational content to the common ground.
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A; and parentheses. Sentence letters are well-formed. If ¢ and v are well-formed,
0 too are =@, Cp, A, (¢ AY).

We take L to reflect the logical forms of the relevant fragment of English at the suitable
level of abstraction. Our interest is in giving a model-theoretic intensional semantics for this
fragment. Models will include a space of possible worlds, and a valuation function:

Defs. A model M for L is a pair (W,Z) where W is a set of possible worlds, 7 is
an valuation function mapping the propositional letters of £ to subsets of W.

With the valuation function, we abstract from subsentential compositional structure.
Any given model is assumed to determine a space of possible information states in the
obvious way. We use the notions of a possible world and of an information state to define

the notion of a point of evaluation in a model:
Def. An index in M is any world-information state pair waq, iaq-

The semantics takes the form of a recursive characterization of truth at an index for sentences

of L, as follows:

Def. For any M, an interpretation [ [%* for M is a function assigning either 0 or
1 to each wff relative to each index w, ¢ in M subject to the following constraints,
where « is any propositional letter, ¢ and 1) are any wifs (I surpress relativity to

models):

[a]t=1 iff weI(a)
o] =1 i [o]" #1
[pAp]“f =1 iff [¢]** =1and [¢]*" =1
[Oo]“i =1 iff s;n[o]" #0
[Ag]wt =1 iff  Pri([¢]°) > .5

(Where [[¢]? is an abbreviation for {w : [¢]*** = 1}.) Note that negation and conjunction have
their classical semantics.'® Observe also we set aside context-relativity for the interpretation
function here, as the fragment of language we are concerned with is not context-sensitive in
the relevant sense.

To capture the probability condition (informational content) associated with any given

sentence, we define the notion of acceptance:
Def. An information state i accepts ¢ iff Vw € s; : [¢]*" = 1.

The informational content associated with a sentence is then just a matter of the states which

accept it:

Def. The informational content of ¢ = {i : i accepts ¢}

9For discussion of disjunction, see Rothschild [2012 forthcoming].
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Thus the semantic value of a sentence—given, in effect, by a set of world-information state
pairs—is just a different kind of thing than its informational content—a set of information
states.

Finally, we can define consequence in terms of preservation of informational content, as

follows:

Def. ¢1, ..., ¢, E 9 iff no information state which accepts ¢1, ..., ¢, fails to accept
.

This suffices to illustrate the possibility of a semantics which determines the sort of informa-
tional contents needed for our Bayesian expressivism about talks of what is likely or probable.

Why think a semantics along such lines is attractive qua analysis of natural language? For
some general motivation for the use of probability theory per se in the semantics of natural
language probability operators, see Yalcin [2010]. The motivations I would to highlight here,
however, emerge when our target fragment is extended to incorporate attitude verbs and

conditionals.

6.2 Extension to informational attitudes

In the extension of the semantics to ‘informational’ or ‘acceptance’ or ‘informational’ atti-
tudes such as supposition, imagination, belief, and presupposition, we face a choice point:
we can model such states using a single information state, or we can model such states via
sets of information states. We have already put our cards on the table as concerns presuppo-
sition: there we saw good reason to opt for sets. A uniform model of these attitudes would
therefore call for each of them to be modelled via sets of information states. Fortunately, the
motivatations we offered in the case of presupposition apply mutatis mutandis to these other
states.?’ The generic semantics for these attitudes would then look as follows. Let there

” .

20 A number of theorists have investigated the use of sets of probabilities (“representors,” “vague probabil-

” W ” L

ities,” “mushy credence,” “probabisitions” etc.) to model rational belief states: see for instance Levi [1980],
Jeffrey [1983a], van Fraassen [1990], Kaplan [1996], Joyce [2005], van Fraassen [2006], Sturgeon [2008]. (Elga
[2010] raises an interesting worry for the idea that a rational belief state can fail to assign sharp probabilities.
See Joyce [2010] for one reply. See also White [2010].)

From the point of view of our semantics, it is hard to see how to get by with less than something like sets
of probability spaces. The challenge is exactly parallel to the one we faced with presupposition. We should
like to be able to distinguish the truth-conditions of pairs like these:

(1) It is not the case that John believes it is probably raining.
=B A\¢

(2) John believes that it is not the case that it is probably raining.
By—A¢

If, as seems prima facie possible, John’s state of belief can be agnostic on the matter of the exactly likelihood

of rain (something most, if not all, of the above cited theorists take as a datum), then he can be such as to

make (1), but not (2), true. But if his belief state is given by a single (precise) probability space, then (unless

we modified other aspects of the semantics) (1) and (2) would mutually entail each other, the incorrect result.
For further relevant discussion and motivation see Rothschild [2012 forthcoming].
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correspond to each agent x in informational attitude A the set of information states left open
by that attitude A,. Then the schematic form of the semantics for arbitrary informational

attitude verbs can be given as follows:
[Azo]wt =1 iff Vie A, :iaccepts ¢

I briefly mention three empirical advantages of the foregoing. First, this semantics has
the nice result that an ascription like:

(3) John believes that it is probably raining.

is a way of saying that John assigns high credence to the rain outcome—rather than a way
of saying that John has a certain second-order belief, a belief about his credence.

Second, it explains the defect in sentences like:
(4) # John is imagining it isn’t raining and that it probably is.

The reason is that given our semantics, sentences of the form —¢ and A¢ are generally not
jointly acceptable. (See Yalcin [2007] for detailed discussion.)

A third advantage of the apparatus is that it enables an attractive Bayesian semantics for
‘doubt,” one according to which it means in essence the same as ‘believes it is unlikely that’:

[Dpo]vt =1 iff VieB,:Pri([¢]°) < .5

Plausibly, to doubt that P is just to believe that P is unlikely; and very plausibly, one can
doubt that P without having a belief concerning one’s credence. We can have these results

with the semantics above. It is not easy to see how to get them otherwise.

6.3 Extension to indicative conditionals

As with the epistemic modals and probability operators, many theorists have found it more
fruitful to theorize about indicative conditionals by asking, not about the conditions under
which they are true or false, but by asking what it is to be in a state of mind which accepts
them.?! And in addressing that question, it has become de rigueur to start with the ‘Ramsey
Test” (Ramsey [1931]):

If two people are arguing ‘If p will q7” and are both in doubt as to p, they are
adding p hypothetically to their stock of knowledge and arguing on that basis
about q; ... they are fixing their degrees of belief in q given p. (247)

2IThe affinity between epistemic modals and indicative conditionals is not surprising if Kratzer [1986] is
right that if-clauses are devices for restricting (perhaps tacit) modal operators. See Rothschild [2011b] for an
excellent recent discussion, and for a Kratzerian adaptation of a version of the conditional semantics to follow.
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Ramsey’s idea is usually associated with approaches to indicative conditionals which empha-
size some very tight connection between indicative conditionals and conditional probabilities,
usually at the expense of truth-conditions and of systematic compositional semantics (see
for instance Adams [1975, 1965], Gibbard [1981], Edgington [1986, 1995], and more recently
Bennett [2003]). But it is interesting to note that the classic truth-conditional modal account
of Stalnaker [1968] was also motivated by appeal to Ramsey’s thought. After agreeing that
Ramsey had answered the question how to decide whether to believe a conditional statement,

Stalnaker writes:

... the problem is to make the transition from belief conditions to truth conditions;
that is, to find a set of truth conditions for statements having conditional form
which explains why we use the method we do use to evaluate them. The concept
of a possible world is just what we need to make this transition, since a possible
world is the ontological analogue of a stock of hypothetical beliefs. (102)

Stalnaker then goes on to give his justly famous variably strict conditional account, using the
notion of nearness between possible worlds.

The trouble with the above passage, however, is that the final sentence is not plausible: a
possible world is not “the ontological analogue of a stock of hypothetical beliefs.” At best a
possible world might serve to model the belief state of an omniscient, or completely decided,
agent. For such agents, however, a substantive question about whether to accept any given
indicative conditional cannot really arise.?? The doxastic states characteristically expressed
by indicative conditionals are states of uncertainty—specifically, uncertainty about whether
the antecedent is true.

Fortunately, we do not need to associate indicative conditionals with truth-conditions
in Stalnaker’s sense—with representation contents, to use our earlier jargon—in order to
capture the Ramseyian idea Stalnaker is after within a compositional semantics. In place
of Stalnaker’s possible worlds, we put information states. The idea will be that ¢ — ¥ is
accepted with respect to an information state ¢ just in case, when you go to the nearest
information state i where ¢ is accepted, 1 is accepted. And we define nearness using the
probabilistic idea of conditionalization, as follows:

Def. The nearest information state to i accepting ¢, i + ¢, is defined as

follows:

i+ ¢ =per (5 N [[gb]]la P?“?>, where
Prf’(x) =per Pri(z|[¢]")

We then add the following clause to our recursive characterization of truth with respect to

an index:

22Tnasmuch as such agents will take the question as based on a mistake (if they believe the antecedent is
false), or as just equivalent to the question whether the consequent is true.
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[¢ — ]** =1 iff i + ¢ accepts ¥

Thereby we in effect compositionally associate indicative conditionals with probability con-
ditions (informational content), conditions which do no reduce to possible worlds truth-
conditions (representational content). And we do so in manner which explains the idea that
one’s confidence in what an indicative conditional says goes by one’s credence in the conse-
quent conditional on the antecedent. Given the appropriate sort of context, we can say that
on this story, indicative conditionals are devices for expressing one’s conditional credences.??

I briefly mention three empirical advantages of the foregoing account.

First, as already noted, it makes for a straightforward connection between indicative
conditionals and conditional probabilities. That is an advantage, and not merely because
Ramsey declared there was such a connection: there is not a small amount of psycholog-
ical data which supports the thesis that there is some tight connection between indicative
conditionals and conditional probabilities. (See among others Hadjichristidis et al. [2001],
Oberauer and Wilhelm [2003], Evans et al. [2003], Over and Evans [2003], Over et al. [2007],
Douven and Verbrugge [2010].)

Second, the semantics explains the defects in indicative conditionals like:
(5) If it is not raining and it is probably raining, ...

The reason is as before: sentences of the form —¢ and A¢ are not jointly acceptable. (See
again Yalcin [2007] for detailed discussion.)

Third, the semantics explains failures of Modus Tollens in connection with probability
operators. I illustrate with an example discussed in detail in Yalcin [2011a]. Suppose an urn
contains 100 marbles: a mix of blue and red, big and small. The distribution is as follows:

‘ blue red
big 10 30
small | 50 10

A marble is selected at random and placed under a cup. This is all the information given
about the situation. Against this background, the following claims about the marble under
the cup are licensed:

(P1) If the marble is big, then it’s likely red.

(P2) The marble is not likely red.

However, from these, the following conclusion does not intuitively follow:

231t is sometimes thought, due in no small part to the triviality results of Lewis [1976], that one must
choose between giving a compositional semantics for indicative conditionals and allowing for some systematic
connection between indicative conditionals and the corresponding conditional probabilities. The thought is
mistaken. I suspect it rests on a conflation of the notion of the semantic value of a sentence with the notion
of representational content.
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(C1) The marble is not big.

But this conclusion would follow, were Modus Tollens (MT) valid. So MT is not generally
valid. So we require a theory of conditionals according to which MT is not generally valid.
The semantics and definition of consequence already given is such an account: according to
it, (P1) and (P2) do not entail (C1). The reason, simply put, is that an information state
can accept (P1) and (P2)—it can satisfy their probability conditions, or incorporate their in-
formation content—without accepting (satisfying the probability conditions of, incorporating
their information content of) the conclusion. Any information state ¢ with the follow three

properties will do the job:

Pri(red|big) > .5
Pri(red) < .5
siNbig # 0

We can add that our semantics will validate MT in the relevant modal-free cases. Thus if we
replace (P1) with:

(P1") If the marble is big, then it’s red.

The resulting argument would indeed be valid according to our semantics, the intuitively
correct result.

6.4 A dynamic implementation

Before I make some general remarks about how to interpret the preceding semantic apparatus,
I want to give a second, dynamic implementation of the same basic ideas (one first given in
appendix of Yalcin [2011a]). My point in doing this, again, is to make it clear that our
Bayesian expressivism, while it imposes some abstract demands on semantics, is not wedded
to a particular semantic framework.

In our intensional semantics, sentential semantic values are in effect sets of indices. The
bridge from these semantic values to the context-change potentials of sentences was supplied
as follows: first, we gave a rule for recovering a probability condition from a sentential
semantic value; second, we gave a rule explaining what it is to add a probability condition to
the common ground. These rules specified, if we like, core aspects of the semantics-pragmatics
interface. By comparison, a typical dynamic semantics takes a more streamlined approach:
the compositional semantic contribution of a sentence is literally identified with its context-
change potential. As a result we require no additional pragmatic, or semantic-pragmatic,
rules to enable us to understand what the characteristic impact of a sentence on the common
ground is.

Strictly speaking, the semantics I wish to sketch now is an atypical dynamic semantics;
it might be called ‘quasi-dynamic’. Like a static semantics, it involves two stages en route to

CCP; but unlike a static semantics, the first stage recursively associates sentences (not with
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sets of indices, but) with functions from information states to information states. Once every
sentence is associated with such a function, we then give a general rule for inducing from this
an update function on sets of information states—that is, contexts in our sense. Thereby we
associate all sentences with context change potentials.

To state the semantics, assume the same models as did our intensional semantics above.
Then recursively associate sentences with functions from information states to information

states, as follows:

Def. A dynamic valuation function [-] is a function from wifs of £ to functions
from information states to information states subject to the following constraints,
where « is any propositional letter, ¢ and v are any wifs:

ilo] = (siNZ(a), Pri(z|s; N Z()))

i[=¢] = (si — s i[¢] Pri(z[s; — SZ[¢])>

o A P] =i[o][¢]

[O@] = i iff s;04) # 0, else (0, Pr(z|0))

i[Ag] =i iff Pr(s;jg) > .5, else (0, Pr(z|0))

o — o] =i iff i[¢] = i[¢][v], else (0, Pr(x(0))

i[Az0] = {w e s; :Vie AY 1 i[¢p] = i}, Pri(z|{w € s; : Vi € AY :i[¢] =
i}))

. ~.

&

~.

~.

Def. A dynamic interpretation function [[-]] is a function from wifs of £ to
functions from sets of information states to sets of information states defined in
terms of [-], as follows: for any wif ¢,

[¢]] = {i € I :i[¢] = i}

I leave it to the reader to verify that this semantics has the same empirical advantages adduced
for the intensional semantics described above.

7  Why expressivism is not a semantic thesis

We have implemented the target expressivist idea that one can express aspects of ones credal
state directly, without merely describing one’s state of mind; we have supplied two distinct
compositional semantic systems which can serve the purpose; and we have marshaled some
empirical evidence for these systems taken as analyses of the relevant fragments of English.

The second point highlights the fact that our expressivism is not identical to a particular
semantic theory. It is best understood as a claim about the characteristic context-change
potentials of the target epistemic and probabilistic language. It is the view that the primary
role of these sentences in discourse is not, or not merely, that of adding some representational
content to the common ground—mnot a matter of characterizing the world as being some way
rather than another. The impact on the common ground of a sentence like ‘It is probably
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raining in Paris’ is better articulated by reference to the characteristic properties had by the
state of mind which accepts the sentence.

This point bears repeating: expressivism about some fragment of language is best taken
as a thesis about the context-change potentials of the relevant fragment. It is not, in any
direct sense, a thesis about the semantic values of the sentences of the fragment. (This is,
of course, compatible with a point we have already noted, namely that a view about the
context-change potential of a given sentence constrains the space of options for the semantics
of the sentence.)

Perhaps the only case where one can in principle ‘read-off’ of a semantics in isolation
whether it is ‘expressivist’ is the case where one adopts a further substantive thesis, namely
the dynamic thesis that the semantic value of a sentence just is its context-change potential.
For then there is no gap between the CCP of a sentence and its compositional semantic
value. But absent the dynamic thesis, it is not in general true that one can read off of a
formal semantics whether it is expressivist in character.

Notably, the intensional compositional semantics described above could be accepted with-
out modification by non-expressivists of various stripes. For instance, an off-the-shelf con-
textualist might fully accept our intensional compositional semantics, but reject our rules for
moving from sentential semantic values to CCPs. She can give different rules instead. She
can declare, for instance, that the context of utterance fixes some value for the information
state parameter, call it 7.; and she can then say that all sentences ¢ determine ordinary
representational contents, as follows:

{w: [#]"%}

Sentences which express (nontrivial) probability conditions for the expressivist are, for this
contextualist, sentences with ordinary truth-conditions (representational content)—in par-
ticular, they are sentences which serve to describe some body of information determined by
context. This contextualist can say that it is always representational contents that are added
to the common ground. Credence would then only be describable, not expressible. The con-
textualist can say this, again, despite agreement with our expressivist on all matters purely
internal to compositional semantics.?

One might also accept the static compositional semantics we have given, but go for a
radical form of relativism. See MacFarlane [2011] for such a view.?

For these reasons I have avoided describing the current project as one about giving an
‘expressivist semantics’. Expressivism is not helpfully construed as a thesis in formal seman-
tics. The same goes for contextualism and relativism, for same reasons. If the expressivist,
contextualist, and relativist can in principle all agree entirely on the relevant compositional
semantic values, their disagreement is not properly semantic.

The preceding may make it clear why I would not characterize expressivism as follows:

24The basic point here is discussed further in Yalcin [2007], Ninan [2010].
25 The above semantics could also be accepted by the very different relativism of Egan [2007].
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The basic idea of expressivism is that it is the job of a semantic theory is to explain
what a sentence, ‘P’, means, by saying what it is to think that P. [Schroeder, 2008,
(704)]

The intensional semantic theory given above does not give the meaning of ‘It’s raining in
Paris’—or even, for that matter, ‘It’s probably raining in Paris’—by “saying what it is think”
these things. The situation is just more subtle. The job of a semantic theory, narrowly
construed, is to supply semantic values which perform the semantic value role, as described
above. Within our intensional semantics, these semantic values were certain sets of indices.
These sets give the meaning, in the technical sense, of the relevant expressions. To effect
such an association between sentences and sets of indices compositionally suffices to give a
semantic theory. But it is not yet to explain what it is to be in the various states of mind
the sentences can be used to express, and it is certainly not yet to endorse expressivism.

Expressivism might seem to offer a rival conception of semantic theory if one started with
a conception of semantics roughly like this:

The job of a semantic theory to explain what a sentence means by saying un-
der what conditions it is true—that is, by associating the sentence with some

representational content.

But this conception of the task of natural language semantics is simplistic, question-begging,
and confused in the first place. It is simplistic in that it leaves unmentioned most of what
theorists traditionally expect semantic theory to assist in explaining—for instance, lingusitic
productivity, relations of entailment, the transfer of information, and so on. It is question-
begging and confused because it conflates the job of a semantic theory with a substantive pro-
posal about how to carry out that job (namely, by associating sentences with truth-conditions).
And it is confused inasmuch as it conflates, at the outset of theorizing, the notions of semantic

value and content.

8 Truth and objectivity

Expressivism about a fragment of discourse is sometimes described as committed to the view
that the relevant sentences are not truth-apt, or that they lack truth-conditions. For example,
Jackson and Pettit [1998] write:26

Expressivism... holds, first, that ethical sentences lack truth conditions—they are
not truth apt, truth-assessable etc.—and do not serve to report anything that the
speaker believes to be so. (239)

Modulo the restriction to ‘ethical’ sentences, is our Bayesian expressivism correctly described
in this way?

26Compare, among many others, Stoljar [1993], Jackson et al. [1994], Harman and Thomson [1996]...
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Here we encounter another place where it pays dividends to distinguish clearly between
semantic value and content. There is a notion of truth that can arise in connection with the
realizers of the semantic value role, and there is a notion of truth that can arise in connection
with the realizers of the content role. When we encounter statements like the quote above,
we must step back and ask which sense of ‘true’ (if either) is at issue.

To expand: our intensional semantics availed itself of a technical notion, the notion of
truth at an index. We used this notion to recursively associate sentences with sets of indices,
as part of the larger project of capturing the structure of our semantic competence with the
target fragment of language. The notion, again, is technical; is one cannot read off of the
machinery set out above what the semantics of the ordinary word ‘true’ is (though some
choices will of course seem more natural than others). Separate from this technical notion of
truth at an index for sentences, we have the notion of the truth as it might apply to content—
in particular, given the apparatus constructed so far, to representational contents, or to
propositions as traditionally conceived. Such contents can be true or false. Representational
contents are, or determine, a way the world might have gone; they are, or determine, a
condition on possible worlds or situations. This notion of truth, too, is technical, at least
insofar as our theory of content is stated formally.

This gives us at least two senses of ‘true’, and thus two senses of ‘truth-conditions’. Our
Bayesian expressivist, if he signs up for our intensional semantics, thereby signs up for the
semantic notion of truth in connection with all declarative sentences: sentences have truth-
conditions in the sense of determining a condition on indices in the relevant sort of model.?”
But as we have reviewed, our Bayesian expressivist denies that the sentences of the target
fragment—talk of what is likely and unlikely, and affiliated epistemic modal and conditional
talk—have representational contents. These sentences express probability conditions instead.
A probability condition is not a way the world could have gone. The sentences of the target
Bayesian fragment are not truth-apt in this sense.?

One might think this means our Bayesian expressivism will have trouble dealing with
sentences such as:

(6) It is true that it is probably raining in Paris.

Not so. ‘True’ is a word in the object language, calling for a semantics like any other. So far
we have said nothing on the matter, but if we like, we can take a stand. Here is a natural
candidate semantics:

[IT 1S TRUE THAT ¢]¥* = 1 iff [¢]' =1

2T Alternatively, of course, she might instead adopt the dynamic implementation, in which case she is not
thereby committed to any such a notion of truth.

28 Are probability conditions—informational contents—truth-apt? Probability conditions are a technical
construct, so this seems to me not obviously a substantive question, but rather a question how to talk. I myself
see little advantage to talking this way, and so pass. (Perhaps, however, if one assumed a notion of epistemic or
evidential probability akin to that of Williamson [2000]—crudely, the idea that there is a particular conditional
probability space reflecting the true evidential relations between propositions—one would have motivation for
recognizing a substantive kind of truth-aptness for probability conditions.)
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Business may now carry on as usual: ‘It is true that ¢’-ascriptions will inherit whatever
nonfactualist, expressivist character infects ¢. The sentence (6) will express a probability
condition when tokened unembedded, just like the sentence it embeds.

The above semantics for ‘It is true that’ might appear in the spirit of a deflationary or

minimalist conception of truth. Is it the case, according to such a semantic analysis, that

There are sentences ... in which the word ‘truth’ seems to stand for something
real ... [but] our analysis has shown that the word ‘truth’ does not stand for
anything. [Ayer, 1946, 89|

The answer is: not really. In particular it should be clear that we are not in the defla-
tionary territory of, say, Horwich [1998] or Field [2001]. We are entirely within the classic
model-theoretic tradition in semantics; we are assuming an ‘inflationary’ notion of compo-
sitionality; we are allowing for a thick, representational notion of truth (though we deny it
is straightfowardly expressed by the ordinary language truth predicate); we are assuming
a fairly traditional representationalist position about mental states such as belief; and we
are maintaining that ever so many sentences serve in discourse to represent the world. Our
expressivism is thus not helpfully described as wedded to a deflationary conception of truth.

Finally, one might worry that if irreducibly probabilistic states of belief are not truth-apt,
then we face some challenge explaining how they are ‘objectively disciplined’, or subject to
some standard of correctness—a challenge of explaining why it is not the case that anything
goes when it comes to credence. But the Bayesian has always had that challenge; indeed,
anyone who thinks that belief may come in degrees has this challenge. The challenge does not
arise in connection with Bayesian expressivism per se; so it is not particularly incumbent on
the Bayesian expressivist to meet the challenge. For a leading attempt to meet the challenge
in a Bayesian setting, see Joyce [1998, 2009].

9 Bayesian expressivism for deontic modality

Having come this far in the Bayesian direction, it is hard to resist going all the way, by adding
(not just probabilistic structure to the common ground, but) also utility-theoretic structure.
In this final section I briefly sketch a path here and some motivation, reserving extended
discussion for elsewhere.

We may add utilities by adding structure to information states. A common ground can
remain a set of information states, but information states now include further structure: they
are utility-laden, supplying utility functions, and (hence) expected utility functions, defined
over the relevant outcomes. Thereby we can give a semantics and pragmatics for (inter alia)
deontic uses of modals such as ought in terms of the following idea: x ought to ¢ just in
case x’s ¢-ing has an appreciably greater expected utility than the alternatives. Roughly
as follows (I build here on Goble [1996], Levinson [2003], Kolodny and MacFarlane [2010],
Lassiter [2011]):

[O4]™ = 1iff ei([g]") = ei([-¢]")
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(Where e; is the expectation function determined by 4, and letting > mean “appreciably
greater than,” allowing this notion to be context-sensitive.) As talk of what is probable
changes the context by eliminating information states as a function of their probability mea-
sures, talk of what ought to be the case changes the context by eliminating information states
as a function of their expected utility functions.

As noted by Lassiter [2011], a semantics for deontic modals employing expected utility
along the lines above has at least the following three empirical advantages:

1. Information-sensitivity. It allows for the information-sensitivity of deontic modals,
particularly as they occur in indicative conditionals. This feature of deontic modals is
nicely illustrated by the miners case discussed by Kolodny and MacFarlane [2010]:

Ten miners are trapped either in shaft A or in shaft B, but we do not know
which. Flood waters threaten to flood the shafts. We have enough sandbags
to block one shaft, but not both. If we block one shaft, all the water will go
into the other shaft, killing any miners inside it. If we block neither shaft,
both shafts will fill halfway with water, and just one miner, the lowest in the
shaft, will be killed.

Against this background information, most are disposed to judge the following true:

(7) We ought to block neither shaft.
(8) If the miners are in shaft A, we ought to block shaft A.

We can vindicate these judgments given the semantics so far described: blocking neither
shaft is what maximizes expected utility under the appropriate uncertainty about the
location of the miners; given certainty about miners location, however, it does not. On
our semantics, an indicative conditional consequent is semantically evaluated relative
to a shifted information state, one whose probability measure is conditionalized on the
antecedent. When probability shifts, expected utility too shifts, as expected utility is
a function of probability; and since what ought to be the case is a matter of expected
utility, what ought to be the case shifts.

2. Ross’s paradox. The following inference is obviously invalid:

You ought to mail the letter.

.. You ought to mail the letter or burn it.

The invalidity of this pattern illustrates the fact that deontic ought is not upward
monotonic—a traditional source of difficulty for deontic logics, particularly those treat-
ing deontic modals as quantifiers over some class of ideal worlds. But the concept of
expected utility gets at what we want: if the expected utility of your mailing the letter
is appreciably greater than your not mailing it, it does not follow that the expected
utility of your mailing the letter or burning it is appreciably greater than your doing
neither.
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3. Failure of distribution over conjunction. Jackson supplied a counterexample to
the idea that deontic ought distributes over conjunction, roughly as follows:

Dr. Procrastinate has been asked to review a book, on a subject for which
he is by far the most qualified to judge. If he accepts, he very probably
will not write it, being the procrastinator he is. If he declines, someone less
qualified will do it, and that person will write a worse review than the review
Dr. Procrastinate would have written, had he both accepted and followed
through.

In this case, it is not hard to hear the following as both true:

(9) Dr. Procrastinate ought not accept the invitation to write the review.

(10) Dr. Procrastinate ought to accept the invitation to write the review and follow
through.

We can again accommodate this result using the notion of expected utility: the expected
utility of Dr. Procrastinate’s both accepting the invitation and writing the review can
appreciably exceed that of outcome in which neither obtains, even if the expected utility

of his not accepting, considered in isolation, does appreciably exceed his accepting.

With a semantics and pragmatics for deontic modals in place, we might turn to the question
whether other fragments of normative or evaluative language merit treatment in Bayesian
expressivist terms—for instance, talk of what is good, or right, or beautiful, or delicious.
Can we construe any of this kind of talk as expressing, perhaps inter alia, constraints on
preference, utility, or expected utility? The question is obviously beyond our narrow focus
here, but my hope is that the preceding has rendered a positive answer to this question newly
intelligible.
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