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Chapter 1

Introduction

Practical reasoning is generally seen as the “human capacity for resolving, through
reflection, the question of what one is to do.” [Wallace, 2003b] It is the process
through which agents balance reasons for actions and eventually make their deci-
sions. Among the many theories of practical reasoning, very few have such a long
history as that of instrumental rationality , which goes back at least to Aristotle1,
and is still one of the most prominent modes in theoretical economics, especially
in decision and game theory2. Practical reasoning, from the instrumental point
of view, is a matter of finding the best means to achieve one’s ends. In modern
vocabulary, it is a matter of determining the actions which have the best expected
consequences in terms of one’s preferences.

Contemporary approaches to rational decision making have shed new light on
this very ancient notion. Work on the foundations of decision theory, for instance,
has given precision to the conditions under which one can view the choices of
an agent in uncertain situations as instrumentally rational. Similarly, recent
results in what is called the epistemic program in game theory3 have highlighted
the importance of mutual expectations in understanding rational behaviour in
strategic interaction.

Arguably, much of this progress has been achieved thanks to increasing interest
in the decision maker’s information. In most contemporary analyses, knowledge
and belief occupy just as important a place as preferences, to the extent that
some decision and game theorists now hold that any adequate description of a
decision situation should include a model of the agent’s information. The devel-
opment of these models, in turn, owes much to contemporary dynamic epistemic

1See Nichomachean Ethics [III, 1112b, 10].
2von Neumann and Morgenstern [1944], Savage [1954] and Jeffrey [1965] are classics in

these fields and have inspired much of the work in this thesis. More contemporary textbooks
include Myerson [1991], Osborne and Rubinstein [1994], Binmore [2005] and Osborne [2004].

3For more references on the topic see [Aumann, 1999], de Bruin [2004], Brandenburger [2007]
and Bonanno [2007].
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2 Chapter 1. Introduction

logic4. This extensive analytical toolbox, at the intersection of philosophical logic
and theoretical computer science, was designed precisely to analyse reasoning
about information, higher-order information - viz., information about one’s own
or others’ information - and information change.

In short, modern theories of instrumental rationality rest on two pillars: pref-
erences and information. As such they offer quite a different picture from the one
displayed in contemporary philosophy of action5, where great emphasis is laid
on the fact that intentions are as important as preferences and information in
practical reasoning.

Historically, intentions have been seen as outputs of deliberation. As Broome
[2002, p.1] puts it, “intending to act is as close to acting as reasoning alone can
get us.” From this point of view, practical reasoning is “reasoning that concludes
in an intention.” Many philosophers of action, in contrast, have emphasised
that intentions are also active inputs to deliberation, on a par with preferences
and information, and irreducible to them. They stress that human agents are
not only rational but also planning agents, that is agents who deliberate and
form intentions in advance, before the time for action comes. For such agents,
future-directed intentions foster coordination, “filter” the set of admissible options
into new deliberations and steer practical reasoning towards “relevant” means.
In short, contemporary theories of intentions conceive practical reasoning as a
matter of weighting options, against a background of future-directed intentions.

In this thesis I propose a theory that does justice to this idea but at the same
time capitalizes on the resources of contemporary theories of instrumental ratio-
nality and dynamic epistemic logic in order to obtain a more all-encompassing
picture of practical reasoning for planning agents. I show that such a broad ap-
proach genuinely enriches existing models of rational decision making, as well as
the philosophical theory of intentions.

To develop this theory I draw on the contemporary paradigms of reasoning just
mentioned: decision and game theory from theoretical economics, the planning
theory of intentions from philosophy of action and dynamic epistemic logic from
philosophy and computer science. In the following pages I briefly introduce them
in an informal manner. What is important for now is to grasp the main ideas
and intuitions. The formal details will come later, as needed in the subsequent
chapters.

4Hintikka [1962] is the classic reference in epistemic logic. Fagin et al. [1995] presents a
more up to date overview of the topic. For dynamic epistemic logic see Plaza [1989], Gerbrandy
[1999], Baltag et al. [1998] and van Ditmarsch et al. [2007]. On the dynamic of information in
games, see van Benthem [1999, 2001, 2005, 2006b] and van Benthem et al. [2005].

5Key references here are Davidson [1980], Harman [1976], Bratman [1987, 1999, 2006a]
Velleman [2003] and Wallace [2006]. A good survey is available in the form of the reader on
philosophy of action edited by Mele [1997].



1.1. Instrumental rationality, decision and game theory 3

1.1 Instrumental rationality, decision and game

theory

Decision and game theory are two branches of theoretical economics which, as
stated, conceive rational decision making as instrumental rationality. That is,
they model practical reasoning as the process of discovering which actions are the
best means to achieve one’s ends.

1.1.1 Decision theory: rational decision making under un-
certainty

Decision theory models individual decision makers who have to choose between
a series of options, usually thought of as actions, plans or strategies. These
decision makers are assumed to have some ranking over the set of options, which
is usually represented as a comparison relation or a choice function6. This ranking
is supposed to reflect the way the agents would choose if they were offered a choice
between pairs or sets of options. For example, if action A and action B are options
for the agent, then to say that action A is ranked above action B means that the
agent would choose A if he had to decide between doing A and doing B.

When there is no uncertainty, it is quite clear when such choices are instrumen-
tally rational. Provided that each action yields a certain outcome, about which
the agent has some preferences, being instrumentally rational is just chosing the
actions which yield a most preferred outcome. That is, an agent is instrumen-
tally rational when he chooses action A over B whenever he prefers the outcome
A yields to the outcome yielded by B.

Representation results in decision theory give conditions under which one can
view the agent’s choices as if they were those of an instrumentally rational deci-
sion maker. These results show how to construct or extract a preference relation
over the set of outcomes from the ranking of actions, usually in terms of payoffs or
utilities, in such a way that the agent chooses an action if and only if it yields an
outcome that is most preferred. In more “behaviouristic” terms, a representation
result shows how to reconstruct the agent’s preferences over outcomes, which are
essentially internal mental states, on an external or observable basis, namely his
choices7.

For decision situations without uncertainty it is clear how this construction
should proceed. The most interesting situations, though, at least from a decision-
theoretic point of view, are those with uncertainty. Two kinds of uncertainty are

6In this thesis I work only with relations. For more references on choice functions Sen [2002,
chap.3].

7This behaviouristic stance is especially clear in Savage [1954, p.17] : “I think it of great
importance that preference, and indifference, [...] be determined, at least in principle, by
decision between acts and not by response to introspective questions.”



4 Chapter 1. Introduction

considered in decision theory: exogenous and endogenous.
Situations of exogenous uncertainty are situations in which the results of the

agent’s actions depend on random or non-deterministic occurrences in the envi-
ronment. Exogenous uncertainty is thus the result of objective non-determinacy,
external to the decision maker. Buying a lottery ticket is a typical example.
Someone cannot simply choose to buy “the” winning ticket. All one can do is
pick one and wait for the drawing to determine whether it is a winner. In models
of decision making under exogenous uncertainly, the options become “lotteries”
or simply probability distributions over the set of outcomes. Buying a lottery
ticket, for instance, would then be represented as an action which gives the agent
a certain probability of winning.

Situations of endogenous uncertainty, on the other hand, are situations in
which the outcomes of the agent’s decisions depend on the actual state of the
world, about which he has only partial information. The following is a classical
example8. Imagine an agent who is making an omelet. Suppose he has already
broken five eggs into the bowl and he is about to break the sixth and last one.
Whether this will result in a good omelet depends on the state of this last egg,
which can be rotten or not. The agent, however, does not know whether the
egg is rotten. In slightly more technical jargon, he lacks information about the
actual state of the egg, and this makes the outcome of his decision uncertain.
Note the contrast with buying a lottery ticket. There is no chance or randomness
involved here. The egg is rotten or it is not. What matters is that the agent does
not know the state of the egg. Decision theoretic models, for example the one
proposed by Anscombe and Aumann [1963], usually represent such situations by
adding a set of possible states to the model. In the omelet example there would
be two states, “the egg is rotten” and “the egg is not rotten”. The uncertainty
over these states is represented either qualitatively, by an epistemic accessibility
relation, or quantitatively, by a probability distribution.

In uncertain situations it is less clear what the instrumentally rational choices
are, because each decision has many possible consequences which the agent might
value differently. Maximization of expected payoffs is the most widely accepted
expression of instrumental rationality in such contexts9. The expected payoff
of an action is the sum of the payoffs of all its possible outcomes, weighted by
their respective (objective and/or subjective) probability. To be instrumentally
rational, in the decision theoretic sense, is to choose the action, or one of the
actions, which maximizes this sum. In other words, the agent is instrumentally
rational when he chooses an action which gives the best prospect over outcomes.

Representation results for decision making under uncertainty provide condi-

8This example comes from Savage [1954, p.14].
9Rationality as maximization is not the only criterion for rational choice or instrumental

rationality in decision theory. The maximin or minimax rules are other well known alternatives.
The interested reader can consult any classical decision theory textbook, such as [Luce and
Raiffa, 1957]. In what follows, however, I shall stick to rationality as maximization.
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tions under which the agent’s choices can be seen as the expressions of instru-
mental rationality, in this sense. They show that if the agent’s choices of action
satisfy certain stated conditions, then one can interpret the agent’s decisions as
a maximization of expected payoff. I shall not go into the details of these condi-
tions here; they would lead us too far afield10. The point is that decision theory
is a theory of instrumental rationality. It explains the conditions under which the
choices of an individual decision maker facing uncertain options can be regarded
as instrumentally rational.

1.1.2 Game theory: reasoning with mutual expectations

Game theory is also a theory of instrumental rationality, but now in contexts of
strategic interaction, i.e., when the outcome of a decision situation is determined
by the decision, not of one but of many rational decision makers. Game theory is
usually divided into cooperative and non-cooperative branches. Here I am inter-
ested mostly in the non-cooperative side, although I briefly revisit the cooperative
branch in Chapter 3. Nor do I address the “evolutionary” branch of game theory
here, either.

The basic ingredients of a situation of strategic interaction, or simply of a
game, are rather similar to those in decision theory. Each agent chooses among
various actions, plans or strategies, the outcomes of which are uncertain. The
crucial difference from decision-theoretic contexts is that this uncertainty now
comes from the choices of other rational decision makers11. Indeed, outcomes in
games are determined by a combination of the choices of all agents.

For reason that will soon become clear, most game-theoretic modelling by-
passes the “representation” step12. The agent’s preferences over the set of out-
comes are just taken as givens, rather than being extracted from the choice be-
haviour. It is also assumed that the agents are instrumentally rational, i.e. that
they choose in order to maximize their expected payoffs. The whole difficulty
is now to specify what are the expected payoffs of an action, when its outcome
depends on the actions of others.

The fact is that agents might not be able to anticipate the choices of others.
This can happen, first, because they are uncertain about each other’s preferences.
These are situations of incomplete information13. In this thesis I examine only
cases of complete information, that is, games in which the agents know each
others’ preferences. Even in such cases the agents might not know each others’

10See von Neumann and Morgenstern [1944], Savage [1954], Anscombe and Aumann [1963]
and Jeffrey [1965] for details.

11Nothing precludes the introduction of exogenous uncertainty in games, too. See e.g. My-
erson [1991, p.38-46].

12The work of La Mura and Shoham [1998] is a notable exception.
13Games with incomplete information have been introduced by Harsanyi [1967-68]. See also

Myerson [1991, p.67-73] for a general overview.
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choices, because the structure of the game prevents them from doing so14 or be-
cause they are choosing simultaneously. These are cases of imperfect information.

In games with imperfect information each agent forms expectations about the
others’ decisions before making his own. That is, each agent bases his choices
on what he expects the others to do. Here the contrast with decision theory is
quite instructive. In decision situations under exogenous uncertainly the deci-
sion maker’s expectations are fixed by the probability distribution induced by the
objective random event. Similarly, in decision situations under endogenous un-
certainty the decision maker’s expectations are fixed by the (partial) information
he has about the state of the world. These expectations are fixed in the sense
that they do not depend on the agent’s preferences and possible choices. The
situation is fundamentally different in games. Each agent tries to anticipate what
the others will do before making his decision. But each agent also knows that
the other will do the same. This means that an agent’s expectations about the
others’ actions take into account the fact that the others choose on the basis of
what they think he will do. But theses choices are, in turn, made after taking
into account the fact that he takes the choices of others into account. The bulk of
modern game theory, which stems mostly from von Neumann and Morgenstern
[1944] and Nash [1950], is precisely aimed at understanding what maximization
of expected payoffs means with such a “circular” or potentially infinite regress of
mutual expectations.

The solution of this problem is obviously less clear-cut than that for single-
agent decision making. There is nothing in game theory like the strong decision
theoretic consensus around “one” expression of instrumental rationality. Rather,
expected payoff maximization in games is multifaceted, as witnessed by the great
variety of solution concepts , the most well known of which are probably iterated
elimination of dominated strategies and Nash equilibrium. Each different solution
concept has corresponding, different expectations, which epistemic characteriza-
tions make explicit15. The strategies which are iteratively not dominated, for
example, can be shown to be strategies which rational agents play when it is
common knowledge that all agents are rational. That is, when all agents expect
the others to be rational and to have reciprocal expectations. More generally,
epistemic characterization results explain game-theoretical solution concepts in
terms of the agents’ mutual information, i.e. first-order knowledge and beliefs
about each others’ preferences and choices and higher-order knowledge and beliefs
about the knowledge and beliefs of others.

Arguably, mutual expectations are to games what choices of uncertain actions
are to decision theory. They provide the raw material in which the various concep-
tions of instrumental rationality are phrased. From that point of view, epistemic

14Consider, for example, the game “Battleship”, in which neither player can see how the
other has positioned his/her fleet on the game board.

15I return to epistemic characterizations of solution concepts, with more references, in Chapter
3.
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characterizations of solution concepts can been seen as the natural game-theoretic
counterparts of the decision theoretical representation results.

Decision and game theory are thus two theories of instrumental rationality.
The first helps to understand conditions under which a single decision maker
can be seen as instrumentally rational when he chooses among uncertain options.
The second also provides conditions for seeing a decision maker as instrumentally
rational, but this time as a function of how his expectations interlock with those
of other rational agents. There is nothing, in both cases, which precludes one
from seeing decision making as resulting in future-directed intentions. In the
process of decision making, though, such intentions play no role. The “background
of deliberation” in decision and game theory is constituted by preferences and
information. There are no previously adopted intentions there, at least not of the
kind which have been studied in philosophy of action.

1.2 Intentions and planning agency

In contemporary philosophy of action, the work of M. Bratman [1987, 1999, 2006a]
is probably the most coherent and complete theory of intentions. Furthermore,
even though it is not formal, Bratman’s precise style of analysis has fostered
dialogue with more formal approaches, especially in AI and computer science16.
For these two reasons, most of the presentation here draws from his work.

For a long time, the dominant philosophical theories of intentions were reduc-
tionist and most attention was directed towards intentions in action . Intentions
in action are the “mental components” [O’Shaughnessy, 1973] of intentional ac-
tion, they are “what is left over [when] I subtract the fact that my arm goes up
from the fact that I raise my arm” [Wittgenstein, 2001, § 621]. This distinguishes
intentions in action from future-directed intentions, which are intentions to do
something or to achieve some state of affairs later. Future-directed intentions es-
sentially precede intentional actions, while intentions in action accompany them.
Reductionist theories deny that intention, whether in action or future-directed, is
a basic kind of mental state. Rather, they see intentions as compounds of more
basic states, generally beliefs and desires17. To act with some intention, or to
have the intention to do something later is, from that point of view, to have the
appropriate belief-desire pair concerning that present or future action.

Bratman’s [1987] proposal is non-reductionist and gives priority to future-
directed intentions. It is built on the assumption that human agents are not only
rational decision makers but also planning agents. Planning agents are agents who
can “settle in advance on more or less complex plans concerning the future, and

16See for example Cohen and Levesque [1990] and Bratman et al. [1991].
17D. Davidson [1980] has been very influential in this tradition. See also Velleman [2003]

and Setiya [2007].



8 Chapter 1. Introduction

then [let] these plans guide [their] later conduct.” [idem, p.2] In short, planning
agents are agents who can form future-directed intentions.

Most work on the planning theory of intention, including Bratman’s, is func-
tionalist . Future-directed intentions are described in terms of the regularities
“which connect [them] with each others, with associated psychological processes
and activities, and with characteristic “inputs” and “outputs.” [idem, p.9]. Fol-
lowing a similar distinction proposed by Schwitzgebel [2006] for beliefs, these
regularities can be divided into backward and forward looking.

The backward-looking ones concern the way intentions are “formed, revised
and extinguished” [Shah and Velleman, forthcoming]. On this issue, I take the
planning theory to be roughly in line with the traditional view of intentions:
they are typically formed as the upshot of practical reasoning18. Future-directed
intentions are states the agent gets into once he has settled on a particular course
of action. Similarly, intentions are revised or given up on the basis of further
deliberations. This makes them relatively stable, especially in comparison with
desires. Preferences or desires change quite often and, more importantly, these
changes need not be based on deliberations. An agent who made the decision
to act in a certain way seems, on the other hand, to be committed to sticking
to this decision by the reasons which led to it, unless counterbalancing reasons
appear and trigger further deliberations. In other words, intentions are relatively
resistant to reconsiderations .

The adjective “relative” is very important here. An agent should not con-
stantly reconsider all his previous decisions, but neither should he stick to them
at any cost. Rational intentions should be open to revision. But how open is a
delicate—and crucial—question for the planning theory. I shall not go into detail
on this issue. Intention revision occupies a relatively minor place in this thesis19.
Most of the considerations are rather focused on the forward-looking characteri-
zation of intentions, which concerns their place in practical reasoning. Intentions
influence this process by two forms of commitment that they carry: the volitive
and the reasoning-centered commitment.

To say that intentions carry a volitive commitment is to say that they have
some motivational force. Just like desires, they are metal states which push the
agent to act, which trigger action. They are “conduct controlling” [Bratman,
1987, p.16]. An important part of the non-reductionist argument in the plan-
ning theory rests on this volitive commitment. Future-directed intentions carry a
stronger motivational force than desires. An agent can have the desire to accom-
plish a certain action without ever enacting it. But if he genuinely intends to act
in a certain way and does not revise this intention, he will normally do it in due

18I say “roughly” here because some authors argue that it is important to distinguish the
result of a choice or a decision from the formation of a full-blown intention. See e.g. Bratman
[1987, p.155-163].

19See the extensive discussion in [Bratman, 1987, chap.4-5-6 ], Harman [1986] and van der
Hoek et al. [2007].
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course.

It is a central claim in the planning theory that, because of their relative sta-
bility and their motivational force, intentions anchor personal and inter-personal
coordination. Personal coordination is a matter of anticipating one’s own deci-
sions and actions, and of planning accordingly. An agent who, for example, has
decided to pursue a PhD abroad for the next couple of years will probably take
this future-directed intention into account while planning his next summer vaca-
tion. Maybe he will consider spending his vacation at home, something he would
otherwise have not considered. But if intentions would normally not translate
into action, or would most of the time be abandoned before their achievement,
it would not be very useful for the agent to plan on the assumption that he will
be abroad next year. The volitive commitment and the relative stability of in-
tentions, from that point of view, provide a solid basis for temporally extended
planning20. These considerations apply with even greater strength in interaction.
Planning agents who are aware of each other’s intentions are better capable of
coordinating their actions, because they can rely on each other to do what they
intend.

The volitive commitment of intentions already makes them valuable addi-
tions to the background of deliberations. In the words of Wallace [2006, p.105],
they “resolve practical questions about my own agency,” thus allowing planning
agents to include them as “facts” into further planning. But previously adopted
intentions are not confined to such a background appearance in practical reason-
ing. They also constrain and trigger deliberations, and by doing so they carry
a reasoning-centered commitment. This second function stems from norms of
consistency and coherence that apply to intentions.

Intentions are, first, required to be means-end coherent. This idea is very
old, going back at least to Kant’s hypothetical imperative21. Intentions about
ends should be supplemented, at some point, with intentions regarding what
the agent believes are necessary means to achieve these ends. An agent who
intends to obtain his PhD in the next four years should at some point form more
precise intentions on how he is going to make this happen. If he never forms
such intentions, and does not even plan to “think about it”, he is means-end
incoherent.

Means-end coherence “poses problem for further deliberation” [Bratman, 1987,
p.33]. It puts pressure on planning agents to deliberate about means to achieve
what they intend. This is the first manifestation of the reasoning-centered com-
mitment: intentions focus and even trigger new deliberations to find relevant
means for their achievement.

20They also provide solid anchors for action in situations of temporary preference changes.
In the words of McClennen [1990], they make planning agents more “resolute”. By the same
token, intentions also help to “break ties” between equally desirable options. I write more on
this last point in Chapter 2.

21See Johnson [2004] or the original [Kant, 1785].
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There is a second aspect of reasoning-centered commitment, which comes from
the following three norms of consistency: internal consistency , strong belief con-
sistency and agglomerativity . Agents have internally consistent intentions when
they do not intend plain contradictions. Their intentions are strongly consistent
with their beliefs22 provided these intentions would be realizable in a world where
the agent’s beliefs are true. In other words, intentions are strongly belief consis-
tent when they are capable of achievement, given what the agent believes. One
can, finally, distinguish two understandings of agglomerativity. First, one can
require the intentions of an agent to be closed under conjunction: if the agent
intends to do A and intends to do B, then he should also intends to do A and B.
Some authors find this requirement too strong, however. They argue instead that
it should be possible to agglomerate intentions without violating other norms of
consistency. That means, first, that if the agent intends to do A and intends
to do B, then A and B should not be contradictory. Their conjunction would
generate an internally inconsistent intention. Similarly, doing A and B should be
consistent with the agent’s beliefs.

Because of these norms of consistency, previously adopted intentions impose
a “filter of admissibility” [Bratman, 1987, p.33] on the options that are to be
considered in practical reasoning. The agent should be able to decide in favour
of either of these options without generating, maybe after agglomeration, (belief)
inconsistent intentions. Intentions simply rule out of deliberation such options as
do not meet this requirement23.

Before going any further, I should write a few words about the notion of “plan”.
The planning theory conceives of plans as sets of intentions with particular fea-
tures24. In accordance with the means-end coherence requirement, plans are
assumed to have a hierarchical structure. For whatever general intention a plan
might contain, for example the intention to go to Paris, one should be able to
find in the plan some subordinated means-intentions, for example going by train,
depart at 9.15, and so on. The intentions at the bottom of this hierarchy, the
most detailed ones, need not, however, settle every detail of the achievement of
the plan. It is arguably even counterintuitive to suppose that they would, es-
pecially for agents with limited time and memory. Plans are typically partial,
and planning agents fill them as needed. In the words of Savage, planning agents
“cross the bridge when [they] come to it.” [1954, p.16]

The functional characterization of intentions extends to plans. First, plans
are formed, revised and abandoned as the upshot of practical reasoning. They

22The appellation “strong” comes from Bratman [1987]. Even though the name might suggest
such, there is to my knowledge no “weak” version of this norm in the planning theory.

23It should be clear that I do not consider intention revision here. When discovering poten-
tially inconsistent options, a planning agent might reconsider his intentions instead of simply
ruling out these options.

24In this thesis, most of the time I simply use “intentions sets” rather than plans.
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are also relatively resistant to reconsideration and commit the agent to their
accomplishment. In virtue of being so they anchor personal and inter-personal
coordination. Finally, they take part in further practical reasoning by triggering
and focusing deliberations on means, and by imposing a filter of admissibility on
the options to be considered.

1.3 Dynamic epistemic logic

I have already stressed many times the importance of information in the decision-
and game-theoretic analyses of instrumental rationality. In each case rational
choices are conditional on the agents’ expectations, which are in turn very de-
pendent on what they know and believe about the decision situation. Although
I have put less emphasis on this aspect, information is also of great importance
in the theory of intentions, especially for intentions in situations of interaction.
When many agents are involved, what they know and believe about the intentions
of others makes a crucial difference to what they intend and how these intentions
influence further practical reasoning.

In that context, modern dynamic epistemic logic appears to be the natural
environment for developing a theory of practical reasoning for rational planning
agents. It is indeed a general theory of reasoning about information and infor-
mation changes. It has already proved quite helpful in investigating the flow
of information in games25, and its tools and insights are readily applicable to
questions of rational planning agency.

Modern dynamic epistemic logic is a branch of modal logic26, a general frame-
work devised to “talk”, using formal languages, about some structures or models.
As we shall see in the course of this thesis, decision and game-theoretic representa-
tions of decision situations are typical kinds of structures which modal languages
can talk about.

Logical languages are connected to the structures that they are intended to
describe via a semantics , which provides the conditions for the statements of the
language to be true or satisfied in a structure. Semantics also allows one to isolate
formulas that are valid in certain class of structures. These formulas are of special
importance because they correspond , in modal terms, to general properties of the
intended class of structures.

Alongside the semantic part, modal languages usually come with a deductive
apparatus, called a proof systems . These allow explicit representation of the
reasoning which can be done in a given formal language. These proof systems
come in many forms, but in this thesis I use only axiomatic ones. These are

25See the references in the footnote on page 2.
26Blackburn et al. [2001] is a clear and up-to-date textbook on the topic. See also Blackburn

et al. [2006].
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constituted by sets of axioms, which are simply formulas in the language, and
inference rules, with which one can syntactically derive theorems.

The semantic and deductive components are usually connected via soundness
and completeness results. The first are intended to show that all axioms and
derivable theorems are valid formulas in a given class of structure, and the second
are intended to show that all the valid formulas in a given class of structure are
either axioms or derivable from the axioms in the deductive system. If one can
show that a given proof system is sound and complete with respect to a certain
class of structure, one has shown that the deductive and the semantic component
of the logical analysis exactly match. All valid principles about these structures
are derivable, and all derivable statements are valid principles. As such, soundness
and completeness results are extremely powerful analytical tools. With them, one
can go back and forth between semantic and syntactic or deductive analysis. Any
new valid formula that one finds has some corresponding deduction or reasoning
in the proof system, and vice-versa. All formulas that one derives in the proof
system are certain to be a valid principles describing general properties of the
intended class of structures.

Epistemic logic uses these modal resources in order to study reasoning about
information. Its formal language typically includes knowledge and belief oper-
ators, allowing one to form statements like “agent i knows that p” or “if agent
i knows that p then agent j knows that q”. Furthermore, by combining these
operators epistemic languages can talk about higher -order information, that is
knowledge and beliefs of agents about their own information, or the information
of others.

The structures that epistemic logic talks about are usually called epistemic
models, and they are very close to the qualitative models for endogenous uncer-
tainty in decision and game theory. Roughly, they encode the agents’ information
using a given set of states, interconnected by some relations. These relations con-
nect to a given state all the states that agents are not able to distinguish from
the current one. In other words, they connect all the states that the agents
consider possible. With such simple representation, when provided with some
semantic definitions, modal languages are able to talk about surprisingly intri-
cate epistemic conditions, involving arbitrarily high (finite) orders of knowledge
and beliefs. What is more, they can establish a clear connection between con-
ditions on the underlying relations and “properties” of the epistemic operators.
Transitivity—which says that if state w is related to w′ and w′ to w′′, then w is
related to w′′—can be shown, for instance, to correspond to “positive introspec-
tion” of the knowledge operator: if an agent knows that p then he knows that he
knows that p. In other words, one can link the properties of an intended class of
epistemic models with important valid principles about the agents’ information
in the epistemic language.

Epistemic logic also comes with well-known, sound and complete axiom sys-
tems for various classes of models and diverse epistemic operators. These allow
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one to neatly capture reasoning about information and higher-order information,
and to connect it with valid principles. That it can do so in such a perspicuous
manner is, arguably, the greatest asset of epistemic logic and what makes it so
relevant to the analysis of practical reasoning.

Dynamic epistemic logic has been developed as an extension of epistemic logic
to talk about information changes. More precisely, it is designed to talk about
the consequences of “epistemic actions” on the information that agents have in
a given situation. An epistemic action is simply an event which affects what
the agents know, believe and consider possible. Dynamic epistemic logic has
analyzed a whole variety of such actions, from simple public announcement of
facts to hidden messages and encrypted communication.

These actions are usually represented by various operations which transform
epistemic models, by removing states, by adding new ones or by changing the
relations. Dynamic epistemic languages are extensions of epistemic languages,
with operators corresponding to these operations. Again, if one is provided with
a semantics, the properties of these operations can be shown to correspond to
valid principles in the dynamic language27. In other words, general properties of
information changes in epistemic models can be translated into valid principles
about epistemic actions.

As for its epistemic base, dynamic epistemic logic comes with known, sound
and complete proof systems in which one can study reasoning about information
changes. These proofs systems are of special interest because most of them show
how to analyze in a compositional way valid principles about information change
in terms of principles about (static) information and higher-order information28.
In other words, they show how to understand the effects of epistemic actions in
terms of what the agents know and believe about each other in a given epistemic
model.

In view of this, dynamic epistemic logic appears to be the natural environ-
ment to develop a theory of practical reasoning for rational planning agents. For
one thing, the importance of information and higher-order information for ratio-
nal decision making in itself justifies the use of epistemic languages and models.
But, as I mentioned in Section 1.2, intentions bring in a key dynamic component,
because they carry a reasoning-centered commitment through which agents trans-
form their decision problems. As we shall see in Chapter 5, dynamic epistemic
languages can readily be adapted to talk about this aspect of planning agency,
and especially to study how intentions-based transformation of decision problems
affects the agents’ information in strategic games.

In this section I have focused on epistemic languages, that is, on modal lan-

27Studies on this correspondence are relatively recent in the field. See van Benthem and Liu
[2004] and van Benthem [2007, Manuscript] for more details.

28A notable exception is the work of Gerbrandy et al. [2007].
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guages which talk about information and information changes. But at this point
it is worth mentioning that dynamic modal languages have also proved quite use-
ful in the study of reasoning about preferences and preferences changes29, which
are also crucial ingredients in practical reasoning of rational agents. In Chap-
ter 5 I make extensive use of these languages for preferences. This shows even
more powefully how natural the choice of dynamic epistemic logic or, more gen-
erally, dynamic modal logic is as a framework for the development of a theory of
intention-based practical reasoning.

1.4 Outline of the thesis

I start in Chapter 2 by showing that the introduction of future-directed inten-
tions does indeed broaden the explanatory scope of decision-theoretic models,
i.e. of models of individual decision making under uncertainty. As the planning
theory claims, the volitive commitment of future-directed intentions allows one
to go beyond traditional decision-theoretic reasoning by “breaking ties” between
equally desirable options, and thus provides a straightforward anchor for personal
coordination.

Chapter 2 also serves as launching pad for the rest of the thesis. I intro-
duce there the formal framework and fix important methodological boundaries.
I explain, for instance, why I bracket questions of resource-boundedness, crucial
for “real-world” agents, and also why I do not consider intentions with counter-
factual consequences. The reason is, in short, that by leaving these issues aside
one can work in a much simplified decision theoretic environment while never-
theless highlighting important contributions of intentions to practical reasoning.
Furthermore, these simple models generalize naturally to situations of strategic
interaction, which occupy most of the investigation.

Coordination is the first aspect of intention-based strategic interaction that I
consider (Chapter 3). It is a natural point for the theory of intentions to meet
the theory of games. The first makes strong claims about coordination, and
the topic has attracted much attention in the second. I mostly look at “Hi-Lo”
games, which have become a standard benchmark for game-theoretic accounts
of coordination. I show that intentions do indeed anchor coordination in these
games, in a way that naturally generalizes their “tie-breaking” effect in single
agent contexts. I also show that this intention-based account offers a plausible
alternative to another proposal in the game-theoretical literature. I leave Hi-Lo
games only by the end of the chapter, where I look at how intentions can anchor
coordination in the general case. This allows us to revisit important claims in the
planning theory concerning “shared agency”, and in particular to circumscribe
better the extent of this phenomenon.

29See e.g. van Benthem et al. [2005], van Benthem et al. [Forthcoming], de Jongh and Liu
[2006], Liu [2008] and Girard [2008].
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All of this concerns the volitive commitment of intentions, and how they “ap-
pear” in the background of practical reasoning. In Chapter 4 I turn to the more
“active” role of future-directed intentions, namely the two facets of the reasoning-
centered commitment: the filtering of options and the focus on means. I show
that they can be studied by means of two simple operations which transform
decision- and game-theoretic models. These operations become especially inter-
esting in contexts of strategic interaction, where they acquire an important social
character that has not yet been studied in the planning theory.

In Chapter 5 I use dynamic epistemic logic to bring the considerations of
the previous chapters under a single umbrella. This provides a unifying theory
of rational deliberation for a planning agent. Not only does it encompass both
the volitive and the reasoning-centered commitment of intentions, it also allows
one to study how these two functions interact. I show, for instance, that an
important aspect of the volitive commitment used to account for coordination
with intentions has an echo in the filtering of options that I define in Chapter 4.
This observation triggers a natural generalization of the idea of filtering, which
takes into account the information that agents have about their own intentions
and the intentions of others. By the end of the chapter I explore two other issues
at the intersection of planning agency and instrumental rationality, namely the
condition under which intention-based transformations of decision problems foster
coordination and become “enabled” by the elimination of dominated strategies.

The framework I develop in Chapter 5 is also, literally, a theory of practical
reasoning of planning agents. Axiomatic proof systems for dynamic epistemic
logic are well known. By adapting them to the framework of games with inten-
tions, one gives a concrete deductive character to the theory. The findings about
the various conditions for coordination, and about how they relate to transfor-
mations of decision problem, can be turned into reasoning or proofs in these
axiomatic systems. In short, dynamic epistemic logic brings the present proposal
closer to a fully-fledged theory of intention-based, rational deliberation.

In Chapter 6 I look back at this theory from a philosophical point of view, and
investigate the question of how the norms of consistency and coherence which ap-
ply to intentions can be explained. In contemporary philosophy of action there are
two main takes on this issue, called the “cognitivist” and “agency” approaches.
Here I explore an alternative one, hybrid pragmatism, which stands half-way be-
tween cognitivism and the agency approach. It is based on the notion of “accep-
tance in deliberation”, a cognitive state which has so far attracted little attention.
I argue that hybrid pragmatism is a plausible alternative to the two main con-
temporary approaches, and that its use of acceptances provides a more complete
picture of how future-directed intentions make their way into practical reasoning.
Looking at hybrid pragmatism and acceptances in deliberation also brings this
thesis to a natural conclusion. On the one hand, they supply a solid philosophical
basis to the theory of rational planning agency. On the other, they open new,
exiting research directions, both from the philosophical and the formal point of



16 Chapter 1. Introduction

view.

All in all, this thesis is an attempt to capture, in a single framework, three
important takes on practical reasoning. First, the considerations of instrumental
rationality that have been extensively studied within decision and game theory.
Secondly, the idea that intentions partake in most deliberations for planning
agents, that they provide anchors for personal and inter-personal coordination,
focus deliberations on relevant means, and filter options. Thirdly, the importance
of mutual, higher-order and changing information in deliberation. In short, I pro-
pose here a framework for rational planning agency in which decisions, driven by
the demands of instrumental rationality, are nevertheless made against a back-
ground of previously adopted intentions. This perspective, I believe, not only
widens the scope of decision and game theory, but also unveils new issues for the
philosophy of action.


