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Introduction

While propositional attitudes—like knowledge and belief—capture an agent’s
opinion about a particular piece of information, dynamic attitudes, as under-
stood in this dissertation, capture an agent’s opinion about a particular source
of information, more precisely: they represent the agent’s assessment of (or
opinion about) the reliability (or trustworthiness) of the source. The project of
this dissertation is to study the latter notion from a general qualitative vantage
point.

Reliability and trustworthiness are dispositional predicates. If a source
is considered reliable by an agent, we interpret this as saying that the agent
will consistently rely on information received from that source in concrete
scenarios; he or she will have a disposition to believe the source, and this in
turn means—to a first approximation—that the agent will come to believe what
the source says.

Characterizations like this are inherently dynamic: they are phrased in
terms of changes the epistemic state of the agent undergoes upon receipt
of information from a particular source.1 This simple observation paves the
way for formally representing reliability assessments using a familiar format,
namely, in terms of operators that transform information states given infor-
mational inputs. Such operators generalize the notion of a belief revision policy,
taken to represent a generic way of “coming to believe,” a strategy for accept-
ing the content of a particular informational input.2

Usually, how reliable a source is assumed to be will depend on contextual
features. Take the example of a source that is a mathematician. Such a source
may be considered extremely reliable when speaking to mathematical mat-

1I will use the terms “epistemic state” and “information state” interchangeably. Notice
that, in this dissertation, these are not formally defined terms. The correct picture in reading
this dissertation is that epistemic states/information states are captured by formal structures
of a certain kind. Plausibility orders (cf. §1.1) will play a major role here. But notice that,
conceptually speaking, the way an agent assesses the reliability of a source is also part of her
epistemic “make-up”, i.e., her information state.

2Cf. van Benthem and Martinez (2008), Baltag and Smets (2008), Baltag, van Ditmarsch,
and Moss (2008) for more discussion of the notion of a belief revision policy.
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4 Introduction

ters, but unreliable when speaking to matters of organizing daily life. So we
may trust a particular source on particular matters, but not in general, on all
matters.3 But clearly, the idea of representing reliability assessments in terms
of changes of information states is general enough to handle both cases, the
simplistic case of a “uniform” reliability assessment, and the more realistic
case of a “mixed”, contextually dependent one.

As a more concrete entry point to our topic, consider an example from
Spohn (2009), who asks us to consider various ways in which I could receive
the information that there are tigers in the Amazon jungle:

— I read a somewhat sensationalist coverage in the yellow press claiming
this.

— I read a serious article in a serious newspaper claiming this.
— I read the Brazilian government officially announcing that tigers have

been discovered in the Amazon area.
— I see a documentary on TV claiming to show tigers in the Amazon

jungle.
— I read an article in Nature by a famous zoologist reporting of tigers

there.
— I travel to the Amazon jungle, and see the tigers.

Spohn uses this example to illustrate the idea that “evidence comes more
or less firmly”: “in all six cases,” he writes, “I receive the information that
there are tigers in the Amazon jungle, but with varying and, I find, increasing
certainty.”

One way to gauge the relative firmness in each case is to observe that
receiving the information from sources further down in the above list makes
receiving the information from sources higher up in the list redundant, while
the converse does not hold. Having seen the tigers with my own eyes, the
sensationalist coverage in the yellow press tells me nothing new. On the other
hand, after reading the sensationalist coverage, it will still be informative to
actually see the tigers. It may prompt me to say: “Gosh, there really are tigers
in the Amazon jungle.”

Another way to make the same case is by noticing that my degree of confi-
dence that there are actually tigers in the Amazon jungle is likely to be higher
after reading about them in Nature, than after reading about them in the yel-
low press. Suppose a travel agent offers me a trip to a safari through the

3This point is frequently made in the literature, cf., e.g., Liau (2003), who develops a
notion of “trust on a sentence ϕ” (rather than trust simpliciter) and Sperber, Clément, Heintz,
Mascaro, Mercier, Origgi, and Wilson (2010), who emphasize that trust is bestowed upon
sources “on a particular topic in particular circumstances.”
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Amazon jungle. Having read about the tigers in Nature, I will be confident
that the trip will provide me with an opportunity to see some tigers. But
having read about the tigers in the yellow press, chances are I won’t be so
sure.

Why is that? According to the picture outlined so far, it is the fact that
the different sources of information—the yellow press, the Brazilian govern-
ment, my own eyes, etc.—are trusted to different degrees, which is responsible
for the differences in firmness. Here, we understand trust in the epistemic-
dynamic sense alluded to above: a particular level or degree of trust is given
by a particular assessment of reliability; a reliability assessment is encoded
by a collection of potential belief changes that capture the disposition of our
agent to “change his mind” in a particular way when receiving information
from that particular source.4

On this view, the evidential firmness is thus not inherent in the content of
the evidence received, but derives from the fact that the evidence is received
from a particular source, towards which the recipients has a particular (dy-
namic) attitude. In this sense, as the title of this dissertation suggests, the
extent to which information flows, changing our epistemic state, as a source
presents us with information, is a matter of trust.

The Main Idea. As is already implicit in the preceding remarks, the main
idea pursued in this dissertation is to formally develop the notion of a dy-
namic attitude, as a representation of an assessment of reliability, in the con-
text of, and drawing upon, existing work on information change, which has
studied the transformation of information states due to the receipt of infor-
mational inputs; more concretely, this line of research (or rather: these lines
of research, cf. fn. 5) is (are) concerned with the way agents change their minds
when given new information, or, put differently, how agents incorporate new
information into their information state.5 In adopting this perspective on in-

4Our everyday conception of trust is much richer than this. For example, one may trust a
business partner not to breech the confidentiality of an agreement, or one may trust a friend
to help in the case of an emergency. In both cases, it is trust in another’s actions that is at
stake (trust that a certain action will not be taken in the case of the business partner, trust that
a certain action will be taken in the case of the friend), not trust in the quality of information
received from him or her. Trust in another’s actions is studied in the frame of the more general
“cognitive theory of trust” (Castelfranchi and Falcone 1998). In this dissertation, we will focus
exclusively on trust in the epistemic-informational sense outlined in the main text, studying,
in Liau’s phrasing, “the influence of trust on the assimilation of acquired information into an
agent’s belief state” (Liau 2003).

5The study of information change has a rich tradition. Particularly relevant for this dis-
sertation is the body of work established in belief revision theory (starting with Alchourrón,
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formation, information is treated as “something that may enter some belief
state and change or transform it into another belief state” (Rott 2008). Thus,
we are chiefly interested in what information does rather than what informa-
tion is. We do not offer a definition of information, but rather individuate
pieces of information in terms of the potential effects of receiving informa-
tion.6

Making use of this picture of information change, we may capture reliabil-
ity assessments using the following format.7 Upon receipt of an informational
input P, an agent will change her epistemic state in a particular way, moving
from some “input state” S to an “output state” S ′ that incorporates the in-
put, where just how the input is incorporated will depend on the extent to
which the agent trusts the source. A reliability assessment towards a source
may thus be represented by means of a plan to react in a specific way when
information from that source is received. That is, a reliability assessment will
be given by a function that assigns to each given information state and propo-
sitional input a new information state. We shall call such functions dynamic
attitudes. They can be understood as strategies for belief change, encoding how
the agent will react when receiving information from a certain source in a cer-
tain state. A useful mental representation for such a strategy is as a ternary
graph, with the nodes given by information states, and the labels given by
informational inputs. If, e.g., the triple (S , P,S ′) is an element of the graph
representing an assessment of the trustworthiness of a given source, then we
read this as saying that the agent plans to make a transition to the information
state S ′ upon receipt of the informational input that P in the information state
S .

Usually, there will be too many information states and informational in-
puts to make it economical, or even feasible, to actually draw such a graph.
But assuming a sparse ontology in which there are just three information
states, S1, S2 and S3, and two possible informational inputs, P and Q, a con-

Gärdenfors, and Makinson (1985), Gärdenfors (1988), cf. also the references in fn. 12.), and
dynamic epistemic logic (Plaza 1989, Gerbrandy 1999, Baltag and Moss 2004, van Benthem
2007, Baltag and Smets 2008, van Benthem 2011). The work carried out here has also been
influenced by work in dynamic semantics, in particular Veltman (1996), and by the early
presentation of the program of “logical dynamics” in van Benthem (1996).

6This is somewhat similar to the way in which Stalnaker (1978), in his influential study of
assertion, aimed at analyzing the effects of assertions, rather than at providing a definition of
what an assertion is.

7The following remarks gloss over all the details that matter from a formal perspective:
how are “information states” exactly represented mathematically? What exactly is the formal
correlate of an “informational input”? etc. Precise definitions for our specific purposes follow
in Chapter 1.
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crete example of a dynamic attitude—represented in the way just suggested—
may look like the diagram in Figure 1.

Of course, to know whether the diagram depicts a “trusting” attitude, we
need to know more about the propositional attitudes the agent holds in each
of the possible information states. Suppose, for example, that in S3, the agent
believes neither P nor Q, while in S2 she believes P but not Q, and in S1
she believes both P and Q. Under this assumption, it is easy to check that
upon receiving the information that X in one of the three information states
in {S1,S2,S3}, the agent comes to believe that X (in the resulting state), where
X is one of P and Q. It is then natural to think of the depicted dynamic
attitude as a form of trust.

But interestingly, we can also reverse the perspective. Suppose we already
know that the agent trusts the source the attitude towards which we are de-
picting in Figure 1, based on our (pre-formal) knowledge about the modeling
domain. If that is so, then it is natural to think that the agent would come
to believe what the source tells him. Moreover, it is natural to think that
the agent would not change his state if he already believed what the source
told him. So we could decide to say that our agent believes that X (with
X ∈ {P, Q}) iff the information state of the agent (one of {S1,S2,S3}) is not
changed by receiving the information that X. In other words, we could define
a propositional attitude (“belief”) as the fixed point of our given dynamic one:
belief in X is satisfied in just those information states in which receiving the
information that X from a trusted source is redundant. It then turns out that,
according to this “definition”, the agent believes that P in the information
state S1, and that the agent believes that Q in the information states S1 and S2
(which is just what we had stipulated earlier). It also turns out that, indeed,
our agent comes to believe that X whenever she receives the information that
X from the source (check, for instance, what happens if the agent receives
the information that P in state S3). Notice that not all possible diagrams in
the style of the one drawn in Figure 1 satisfy this latter property. What is
required for our notion of belief derived from the given dynamic attitude to
be reasonable is that the dynamic attitude is idempotent: that is, receiving the
same informational input from the source twice should have the same effect
as receiving it once. Idempotence will play a crucial role in the framework of
this dissertation.

Overview. The preceding example illustrates the interplay between dynamic
and propositional attitudes that will be a main focus of this dissertation. In
fact, the idea of studying this interplay provides a unifying thematic thread
for much of the work presented here. Here is an outline of the following
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S1P, Q
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figure 1. Graph representation of a dynamic attitude, picturing an agent’s
disposition to change her information state when receiving new informa-
tion, under the assumption that the space of possible information states is
given by {S1,S2,S3}, and the space of possible informational inputs is given
by {P, Q}. For example, the agent plans, if in state S2, to transform, on re-
ceipt of the information that P, her state S2 into S1; on the other hand, she
plans to remain in state S2 if she receives the information that Q in state S2.

chapters that highlights how each chapter is related to this red thread.8

In Chapter 1, which introduces the key notions to be studied in the dis-
sertation, we show that (introspective) propositional attitudes naturally arise
as fixed points of dynamic attitudes; conversely, dynamic attitudes can be seen
as chosen with a specific propositional attitude in mind which constitutes the
target of belief change. We show that the class of dynamic attitudes characterizes
the class of introspective propositional attitudes using the fixed point opera-
tion; and that a subsumption order on dynamic attitudes can be defined that
exactly matches the usual entailment order on propositional attitudes. More
generally, our vantage point establishes a systematic link between the static
(i.e., propositional) and the dynamic level that we exploit in the remainder of
the dissertation.

Chapter 2 studies various forms of trust and distrust, and intermediate
forms of “semi-trust”. We start out from the notion of acceptance, under-
stood in a broadly Stalnakerian sense: “to accept a proposition is to treat it as
a true proposition in one way or another” (Stalnaker 1984).9 Our discussion

8A preliminary version of Chapter and 1 and Chapter 2 appeared in Baltag, Rodenhäuser,
and Smets (2012). A preliminary version of Chapter 3 appeared in Rodenhäuser (2013).
Chapters 4–6 are new; Chapter 5 is based on joint work with Alexandru Baltag and Sonja
Smets.

9According to Stalnaker, this characterization picks out a class of propositional attitudes
that “are sufficiently like belief in some respects to justify treating them together with it”
(ibid.).
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complements this static conception of acceptance with a dynamic one, i.e.,
we study, using our notion of a dynamic attitude, various ways in which an
agent may come to treat a certain proposition as true. This approach leads us
to identify a number of classes of dynamic attitudes that can be seen as cap-
turing natural ways of assessing the reliability of a source. We identify typical
representatives of each class and relate them systematically to the class of
propositional attitudes using the notion of a fixed point. We also broaden the
focus by considering a multi-agent version of our setting (§§2.7–2.8), which
allows us to study properties of communication acts.

Chapter 3 takes on the topic of minimal change that has traditionally
played a foundational role in belief revision theory. Compared to the tradi-
tion, we widen the focus by not only considering minimal changes to induce
belief in a given proposition, but rather studying a general notion of opti-
mality relative to any given fixed point. This allows us to further study the
question in which sense the typical dynamic attitudes identified in the previ-
ous chapter are really special (and, indeed, in many cases, canonical, that is,
uniquely optimal for their fixed point).

In Chapter 4, we switch the perspective, and study the preservation of
propositional attitudes under certain classes of transformations. We devote
particular attention to preservation under substructures, a form of preserva-
tion that has traditionally been important in model theory. From the point
of view of information dynamics, the fact that a propositional attitude is pre-
served under substructures means that the agent’s specific opinion (as cap-
tured by the propositional attitude) is stable under receipt of hard informa-
tion. Again, our perspective emphasizes the connection between dynamic and
propositional attitudes, as we characterize preservation properties of propo-
sitional attitudes in terms of fixed points of dynamic attitudes.

Chapter 5 discusses the link between the static and the dynamic level that
has received most attention in the dynamic epistemic logic literature. In this
chapter, we study modal languages extended with dynamic modalities and
show how the static base language can already define the dynamic part. This
allows us to prove generic completeness theorems for our logics. We extend
the analysis to a multi-agent version of our setting (drawing on the work of
§§2.7–2.8), in which agents figure not only as recipients, but are also sources
of information themselves.

The final chapter, Chapter 6, shifts the perspective, providing another per-
spective on the formal setting developed here: we observe that the dynamic
attitudes we have worked with so far can be interpreted not only as reliabil-
ity assessments on behalf of an agent, but also as denotations for epistemic
modals in natural language. Our main point is that the results of this disserta-
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tion are also of potential interest to the community working on the semantics
of natural language.

Previous Research. Traces of our idea of representing reliability assess-
ments in terms of transformations of information states are found scattered
across the literature, sometimes formulated in terms of notions like “eviden-
tial reliability” or “epistemic trust”.10 In Bayesian Epistemology, the reliabil-
ity of a source is captured by weights or probabilities attached to the new
information, which determine different ways of processing it (for example,
Bayesian conditioning versus Jeffrey conditioning).11 In Belief Revision the-
ory, various methods for (iterated) belief revision have been proposed that
can be understood as corresponding to different attitudes to the incoming
information.12 These operations have also made their way into the dynamic
epistemic logic literature, where they have been studied using logical tools.13

Another line of resarch relevant for this dissertation stems from the multi-
agent systems tradition in Artificial Intelligence, which has led to a body of
work on the notion of trust.14 The work from this tradition that is most closely
related to our setting is the paper by Liau (2003), who introduces a modal lan-
guage extended with trust operators of the form Tab ϕ, read as “agent a trusts
agent b on ϕ.” Liau then formalizes the idea that if an agent trusts another
on a certain piece of information (represented by a sentence of the language),
then on receiving that piece of information, the agent comes to believe that ϕ,
an idea which is, in its spirit, closely related to ideas presented in this disser-
tation (cf. in particular, Chapter 2). While Liau implements the idea in a static
setting, this dissertation offers, as outlined above, a dynamic formalization in
terms of operations on information states, with the advantage of connecting

10E.g., Spohn (2009) studies a variety of revision operations, parametrized by their “eviden-
tial force”, meant to capture the idea that information one accepts comes in various degrees
of “firmness”, motivated by examples like the one discussed at the beginning of this intro-
duction. Lehrer and Wagner (1981) suggest to model the trust an agent places in another
agent’s claims using a notion of “epistemic weight”.

11Jeffrey (2004), Halpern (2003).
12Boutilier (1996), Spohn (1988, 2009), Nayak (1994), Rott (2004, 2009), among others.
13One of the first approaches to connecting dynamic epistemic logic with belief revision

theory was Aucher (2003). Later, the work of van Benthem (2007) and Baltag and Smets
(2008) defined the current standard in the field. All of these papers build on the earlier work
of Plaza (1989), Gerbrandy (1999) and Baltag, Moss, and Solecki (1999). As a field of research,
dynamic epistemic logic is much broader than just providing “logics for belief revision”, but
aims at a broader theory of informational dynamics, cf. the recent monograph van Benthem
(2011) with many pointers to the literature.

14Cf. Castelfranchi and Falcone (1998), Demolombe (2001), Liau (2003), Dastani, Herzig,
Hulstijn, and van der Torre (2004), Herzig, Lorini, Hübner, and Vercouter (2010).
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directly to existing work in belief revision theory, dynamic epistemic logic,
and dynamic semantics.15

Approach. Compared to previous work, the approach of this dissertation is
characterized by the following distinctive features.

First, we propose a general qualitative-relational (rather than quantitative)
setting that allows us to model a much wider class of reliability assessments
than just those appropriate for trusted sources. The approach is thus not lim-
ited to dynamic attitudes that induce or contract belief, but provides a general
format for capturing reliability assessments of various kinds, including forms
of distrust, intermediate types of “semi-trust”, and “mixtures” of these. As
we shall see (cf. in particular Chapter 2), this allows to model a broad variety
of phenomena, thereby widening the scope of existing approaches in belief
revision theory.

Second, in contrast to existing research in the multi-agent systems tradition
(including Liau’s paper cited above), we do not restrict attention to a single
notion of trust, but rather formalize a large family of trusting and trust-like
dynamic attitudes whose qualitative strength can be compared using a no-
tion of dynamic entailment/subsumption. In this way, we can make sense
of statements according to which one source is trusted more than another—
an advantage of the present setting shared with Spohn’s approach, which,
however, has a quantitative rather than qualitative flavour (Spohn 1988).

Third, rather than considering specific belief revision policies in isolation,
we characterize these policies within our more general setting, clarifying for-
mally in what sense they are special (cf. Chapter 2), and, indeed, unique
(cf. Chapter 3). In this sense, our work can be seen as justifying why these
policies have received as much attention in the recent literature as they did.16

Finally, our approach is characterized by a specific mix of formal tools
that is inspired by existing research in belief revision theory, dynamic seman-
tics and dynamic epistemic logic. The structures we work with—plausibility
orders, i.e., total preorders on some given set of possible worlds—, and the
main examples of transformations on these structures, come from belief revi-
sion theory.17 The dynamic semantics tradition has taught us the importance

15We address the latter connection, to dynamic semantics, mainly in the final chapter of the
dissertation.

16The revision policies that come to mind most readily in this regard are Boutilier (1993)’s
“minimal revision” and Nayak (1994)’s “lexicographic revision”, whose importance for the
dynamic epistemic logic literature mainly stems from the influence of van Benthem (2007)
and Baltag and Smets (2008).

17Plausibility orders have also been important in philosophical logic more generally, due
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of studying the fixed points of dynamic transformations that will play an im-
portant role throughout this dissertation, and the dynamic entailment (or sub-
sumption) relations that can be defined in terms of fixed points. From dynamic
epistemic logic, finally, we inherit the general focus on the interplay between the
static and the dynamic perspective explained above: both belief revision theory
and dynamic semantics have tended to emphasize transformations of infor-
mation states at the expense of the structure inherent in the information states
themselves; in dynamic epistemic logic, as in this dissertation, both levels are
traditionally treated on a par, and figuring out how they are precisely related
is a main concern.

to the influence of David Lewis’s “sphere semantics” for counterfactuals: systems of spheres
are notational variants of plausibility orders (cf. §1.1.4).


