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Dissertation Abstract

The power and flexibility of modal logic lie in its ability to systematize reasoning about a host of
modal notions. Modalities may come from natural language, mathematics, or from a variety of ap-
plied problems. But however we interpret modal symbols, the following is bedrock: formulas (or
sentences) in the modal language are either true or false for a given modal model. What if instead
we allowed formulas to acquire a probability value between 0 and 1—if, that is, we interpreted
formulas probabilistically? In recent years, Dana Scott introduced a ‘probabilistic semantics’ for
modal logic. My dissertation develops the formal groundwork for this semantics, proves the first
completeness results in this area, and extends the semantics to more complex modal languages.
This work makes available rich formal tools that can be exploited in the ever-growing range of
philosophical projects that rely on probability theory for philosophical insights.

The language of classical propositional logic, consisting of propositional symbols and Boolean
connectives (&,∨,¬) is widely familiar. In propositional modal logic, we enrich this language
with new ‘modal’ symbols (typically, 2 and3). In the most familiar interpretation, these symbols
are taken to express ‘necessity’ and ‘possibility,’ and are interpreted in standard Kripke frames.
But since the time of Alfred Tarski, it has been known that the basic propositional modal lan-
guage can also be interpreted ‘spatially,’ in topological spaces. In 1944, Tarski proved that under
the ‘topological semantics,’ the modal logic S4 is sound and complete for the real line. That result,
which has received much renewed attention in recent years, stands at the foundations of the con-
temporary project of analyzing space by means of modal logic. But Tarski’s proof was notoriously
complex. In the first chapter of my dissertation, I show that the Tarski Theorem can be proved in
a much simplified way, via simple and well-known fractal curves.

In the second chapter of the dissertation, I go on to show how the probabilistic semantics formodal
logic can be developed in a natural way out of Tarski’s (non-probabilistic) topological semantics.
In this chapter, I prove the first completeness result for the probabilistic semantics. In particular, I
show that the modal logic S4 is sound and complete for the Lebesgue measure algebra—or algebra
of Lebesgue-measurable subsets of the real interval [0, 1], modulo sets of measure zero. (Journal of
Philosophical Logic, 2010.) At the time I began work on this project, no formal results had yet been
obtained: in particular, it was not known whether the probabilistic semantics was axiomatizable.
In the third chapter of the dissertation, I go on to show that we can give a probabilistic semantics
not just for the basic modal language, but for more complex, multi-modal languages. I focus in
particular, on a family of ‘dynamic topological logics’ which have been at the heart of a research
program aimed at using logic to study ‘dynamic space’ (space that changes over time). Again I
prove that the basic ‘dynamic topological logic,’ S4C, is sound and complete for the probabilistic
semantics. (Under review at Annals of Pure and Applied Logic.)

This work opens upmany interesting philosophical avenues. One promising direction is the use of
the probabilistic semantics for modeling various aspects of an agent’s epistemic states. In Bayesian
epistemology, for example, we view agents as attaching certain probabilities to propositions in
their language: we speak of credences rather than truth assignments. The probabilistic semantics
provides a framework for modeling these credences by mapping propositions onto measurable
subsets of the real line. Moreover, this mathematical framework seems to be particularly well-
suited to model the dependencies between an agent’s different beliefs. Although you and I may
assign the same probabilities to different propositions or formulas, we may yet be in very differ-
ent epistemic states in virtue of accepting different relations of consequence or support among
propositions. No other standard semantics for the modal language has this ‘probabilistic’ feature.



Description of Further Research

In addition to the project on probabilistic modal logic pursued in my dissertation, I also have a
project in epistemology, focused on the conditions for knowledge and the possibility of ‘epistemic
luck.’

Gettier’s counterexamples to the justified-true-belief account of knowledge have prompted a range
of attempts to say what knowledge is, if it’s not justified true belief. One way to understand those
examples is as follows. One can have a justified true belief that P, and yet get things right about
P only as a matter of luck. Given that one does not know what one gets right only as a matter
of luck, justified true belief is not sufficient for knowledge. I argue that the Gettier cases force
us to focus on the question of epistemic luck, and that this has important consequences for any
adequate conditions on knowledge. In particular, the need to rule out this kind of luck shows
the insufficiency of various modal constraints on what we would have believed under different
circumstances.

The first part of this project focuses on reasons-based knowledge. I begin with the view that a
reason R is conclusive for P just in case [R would not be the case unless P were the case]. This view
was famously defended by Dretske in his paper ‘Conclusive Reasons.’ I show that we can construct
simple cases in which an agent believes P on the basis of a reason that satisfies this condition,
but in which the agent is still lucky in believing the truth about P. Given the incompatibility of
knowledge and epistemic luck, the agent in these examples does not know that P is the case. The
examples show, as I argue, that while knowing may be a matter of having conclusive reason to
believe, what it is to have conclusive reason for P cannot be understood in terms of whether one’s
stated reason for P satisfies the external modal constraint that Dretske advances. The explanation
for this is, in my view, straightforward: satisfying this modal constraint cannot guarantee the kind
of epistemic competence that we demand of putative knowers. In particular, it cannot guarantee
that the agent is able to rule out any given set of alternatives to what she believes.

In the second part of my project, I turn to a closer investigation of what exactly luck, or epistemic
luck, is. The motivation here lies in the thought that if knowledge is incompatible with the perni-
cious kind of epistemic luck, then understanding what luck is might help us to understand what
knowledge is. My paper, ‘What is (epistemic) luck,’ has both a negative and a positive compo-
nent. On the negative side, I argue against the two most prominent accounts of luck in the recent
literature. Of particular interest here is Duncan Pritchard’s modal account, according to which
an event is lucky if it is significant to the agent concerned and is ‘modally rare’ (or occurs in the
actual world but not in many nearby possible worlds). For Pritchard, ruling out epistemic luck
is tantamount to adopting a ‘safety’ condition on knowledge. I argue that his account fails for the
same sort of reasons that I advance against the modal account of conclusive reasons.

On the positive side, I advance a new theory of luck, which does a better job of capturing our
ordinary intuitions in a wide range of cases. According to this account, luck is sensitive not just
to the way in which a given event is brought about—whether by modally robust processes, or
modally rare ones—but also to whether the agent concerned exploits those circumstances that
do bring it about. Very roughly: S is lucky in achieving A only if A is not brought about by
circumstances successfully exploited for the purpose of A, or by actions successfully directed at
the achievement of A. It follows that a person can fail to know that P if, in believing that P, she does
not take into account those circumstances that bring about P. I argue that this new account helps
us to understand cases of epistemic luck familiar from the Gettier and post-Gettier literature.
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