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Contrariwise, continued Tweedledee,

if it was so, it might be; and if it were so,
it would be; but as it isn’t, it ain’t.
That’s logic.

Carroll, Lewis (1920). Alice’s Adventures in
Wonderland.

New York: Macmillan.
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Once upon a time, about thirteen years ago, in a highland, a woman named Sofia gave birth
to two beautiful twin girls. Sofia was very fond of Aristotle and Greek Philosophy in general,
so she named her gitls Episteme and Logos.

Some weeks later, there was a terrible fire that burned down the house and took many lives
from the small town in the highland. The only survivors were the twin girls, whose destiny
was altered tragically. The State tried to find a new family for the girls, but they were forced
to be separated, since the only adoptive families they found could only take one of the girls,
respectively. Thus, Episteme stayed near the highland with a humble family, while Logos
was adopted by a family who lived in the big city.

Episteme grew up in harmony with nature. Her family were artists and writers, who inspired
her an interest for reading, writing and learning foreign languages. By the age of sixteen she
was already fluent in Spanish and French and had learned some German and Greek. When
she turned eighteen and finished high school she decided to move to the big city and start a
Philosophy degree at the university.

Logos, on the other hand, grew up in a technological environment. Her adoptive family
were engineers and technicians, who taught her, at a very young age, some programming
skills. Thereupon, Logos was attracted to logical puzzles, electrical circuits and computer
programming. During her teenage years she enjoyed developing software for making her
daily life easier. After finishing high school she decided to study Computer Science at the
university.

The degrees of Philosophy and Computer Science share a common subject at this university
in the first semester of the first year, namely, Philosophical Logic. The first day of class two
girls were rushing through the corridor to get to room 314, the Philosophical Logic class.
Right at the entrance, before even entering the room, they looked up at each other and their
faces went pale. It was as if they were looking at a mirror, but they were not. Their faces
looked exactly the same, though their hairs and make-up were different.

‘Who are you?’, said Episteme after starring at Logos for a long time. ‘And who are you?’,
replied Logos. “Well, I am Episteme from the highland’, Episteme said. ‘And I am Logos
from the city. But how is this possible?’, answered Logos looking puzzled. From that moment
on, the twin girls began getting to know each other. They obviously did not know that they
had a twin sister and, as it turned out, neither did their adoptive families.

Episteme and Logos spent most of the following days together, learning about each other’s
life. They soon noticed that though they had different interests, their characters had many

I take the liberty of introducing the main goals of this book with a metaphoric tale
that will guide you through the different paths that will be covered.

vii
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viii Preface

similarities and they were both intellectually curious. But, when Logos started telling Epis-
teme what her hobbies were, the communication began to fail since they did not share a
common background knowledge.

Episteme was unable to understand, at first, all those strange programming languages and
concepts that Logos tried to explain to her. And also the other way round, when Episteme
told Logos about her interest in Philosophy and mentioned some authors and theories, Logos
was astonished. She had no clue what her sister was talking about, though she was speaking
in English.

This initial state of general confusion changed very quickly, once both caught up with
each other’s hobbies and its specific vocabularies. At this point, they were able not only to
understand everything the other sister said, but also to find some common ground, thanks
also to the subject of Philosophical Logic, which they enjoyed very much.

As they both grew older, finished their degrees and started their respective academic careers,
they decided to collaborate and deepen into the connections between Epistemology and
Epistemic Logic, which not only was a hot topic at the time, but also served them for giving
a sense to their own life experiences.

This tale entails as its moral that though very different in its form, language and
methods, the fields of Epistemology and Epistemic Logic share the same root in
its foundations and can be reconnected at some point. This is precisely the main
motivation for this book. When I realised that these fields of study, which I was
aware-that shared a common ground, had been growing and developing in almost
complete isolation from one another, I felt the need to explore its roots and develop
a ‘tool’ for reconnecting them. With the creation of the conceptual schema, that
this book provides, the two subjects will find that common ground, though only
between two very specific areas (Awareness Justification Internalism and a dynamic
interpretation of Awareness Logic).

The core concept through which this bridge will be built and that connects the
specific epistemological view with a concrete proposal of Epistemic Logic is that of
Awareness (in its epistemic interpretations), as will be properly defined and justified.
As well in Epistemology as in Epistemic Logic this concept will play a central role.
The study of how we think or of how we come to think what we know has to take
into account, in one sense or another, everything we consider or entertain. In other
words, (i) Epistemology has to deal with Awareness.

In addition to that, the formal representation of our knowledge and informational
attitudes would fall short in its connection to human knowledge should it not include
Awareness in its system. And that means that (i7) Epistemic Logic has to deal with
Awareness.

Claims (i) and (ii) should not be taken as dogmas, but rather as hopes or wishes
that are fulfilled with the present research. I do not state that ‘awareness’ should be
part of every epistemological view or system of Epistemic Logic. Instead, I claim
that under the focus of this research, namely, that of reconnecting Epistemology and
Epistemic Logic based on an intuitive understanding of the informational processes
in human beings, the notion of ‘Awareness’ (or, at least, a similar concept) needs to
be taken into account.

By analysing, classifying and combining the different interpretations of ‘Aware-
ness’ I will build a theoretical bridge that serves Epistemic Logic as its philosophical
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Preface ix

foundation and Epistemology as its logical correlate. The bridge will constitute a
conceptual schema that unifies, relates and connects the main topics of both fields.
It also serves to enrich these fields, creating thus a virtuous circle. Finally, I will
present a formal model that puts all these concepts together and formalises not only
the core notions, but also their dynamics, representing epistemic actions that change
the available information.

This book is the result of a revision of my Ph.D. Thesis, which I defended on
30th September 2019 in Mdlaga (Spain). My acknowledgement goes to every single
being that has ever crossed my path and left a mark or memory. I like to live every
life experience as an opportunity to learn and make it all worthwhile. Regarding the
creation of this book, I want to thank Alfredo Burrieza, my supervisor and advisor;
Fernando Veldzquez-Quesada, my co-author, unofficial advisor and colleague; the
members of the Doctoral Thesis Tribunal and reviewers, who encouraged me to
prepare this book; Pedro Chamizo, whose valuable advices and reviews are always
enriching; and my family, for their love and support.

Milaga, Spain Claudia Fernandez- Ferndndez
November 2020

'é: 494436_1_En_BookFrontmatter [V | TYPESET [_|DISK [_]LE CP Disp.:10/5/2021 Pages: xxi Layout: T1-Standard




Author Proof

0

. About This Book

20

21

22

23

24

25

26

27

28

29

30

31

32

33

This book explores the current state of affairs of the relation between mainstream
Epistemology and Epistemic Logic. The apparent disconnection between these fields
of study is reverted with the creation of a conceptual schema that acts as a theoretical
bridge between both areas. With the concept of (epistemic) awareness as a guideline,
it offers a new understanding of the main epistemic concepts from Epistemology
and Epistemic Logic, where the notion of Explicit Aware Knowledge (EAK) plays
a central role.

EAK s presented as the (propositional) knowledge that Epistemology is interested
in, as well as the type of knowledge than an extension of Epistemic Logic should
represent. The relevance of the concept of ‘awareness’ is shown with respect to three
different applications: contemporary views on Epistemic Internalism, the dynamics
of information in logical proposals and a formal model that represents the different
informational attitudes of the agent, including the epistemic actions that formalise
the changes in information.

The interdisciplinary nature of this book makes it neither a book only on Epis-
temology, nor only about Epistemic Logic, nor about the dynamics of information,
though it is a book about all of these topics. The content can be classified between
Philosophy of Logic and mainstream Epistemology. This book discusses the epis-
temic concepts of awareness, knowledge and justification, and proposes some new
theoretical connections and re-definitions.

The structure of this book is the following one: Chap. 1 is devoted to an intro-
duction to the main topics in Epistemic Logic and Epistemology and reviews the
disconnection between these fields of study. Chapter 2 reviews the concept of ‘Epis-
temic Awareness’, distinguishing between ‘Awareness-of’ and ‘Awareness-that’.
Awareness-of represents the attention of the agent, analogous to the language she has
at her disposal at a given moment and upon which she can create new information.
Awareness-that stands for the acknowledgement of the truth of some information,
being thus, a type of knowledge. Chapter 3 considers the notion of ‘Knowledge’
and analyses its different interpretations in Epistemology and some contemporary
developments of Epistemic Logic. It draws a distinction between implicit knowl-
edge, representing an ‘ideal’ understanding of knowledge, which is the result of the
closure under logical consequence of explicit knowledge; and the ‘real” knowledge,

xi
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Xii About This Book

which Epistemology is about and that represents the human knowledge, which is
named ‘Explicit Aware Knowledge’ (EAK). The EAK is formed due to a combi-
nation of both types of awareness, such that for an agent to explicitly know some
given information she needs to be aware-that it is the case and aware-of this infor-
mation at a given moment. Hereafter, Chap. 4 reviews the different interpretations
of the concept of ‘Justification’ and it is argued that justification will be defined as
the process through which the agent obtains her EAK. This process is given by the
different epistemic actions that are included in the conceptual schema and two of
them will be able to provide a justification. Due to an act of deductive inference the
agent will obtain a deductive or inferential justification, while an act of observation
(or communication) will provide her with an evidential or observational justification.

Finally, Chap. 5 presents the EAK-Schema with the visual help of a diagram
formed by three ellipses. The diagram starts out with a central small ellipse repre-
senting the Awareness-that, those pieces of information the agent has acknowledged
as true at any moment. From there, the Implicit Awareness-that can be deductively
inferred, representing thus a bigger ellipse, containing the first one. As a third step,
it incorporates the concept of Awareness-of as another ellipse, of the same size as
the implicit information, overlapping the previous two ellipses, but not completely,
creating thus three parts of Awareness-of. All these parts represent information the
agent is considering at a given moment: pure Awareness-of (where there is space for
any type of information, even false one), Implicit Knowledge and Explicit Aware
Knowledge, EAK (as the only ‘real’ knowledge). EAK is located at the centre
of the diagram, representing the kernel of it and corresponding also to the only
type of knowledge that Epistemology will consider. With the visual help of the
diagram and some arrows, epistemic actions that transform the information available
for the agent (following the tradition of Dynamic Epistemic Logic) are presented.
Acts of becoming aware-of or becoming unaware-of will change the information
of the Awareness-of, modifying what the agent is paying attention to. The actions
of performing a deductive inference or forgetting will either increase or decrease
the information the agent has acknowledged, that is, her Awareness-that. Lastly, the
action of observation (or communication in multi-agent settings) allows any piece of
information to be directly part of the EAK. On the one hand, the action of deductive
inference (transforming implicit information into EAK) constitutes the process for
obtaining a deductive justification. An act of observation, on the other hand, will
provide the agent’s EAK with an observational justification, indicating the source of
its knowledge.

Chapter 6 presents a formal model, based on a neighbourhood-model structure,
that shows one concrete application of the EAK-Schema into a logical structure. The
Awareness-of is represented syntactically with a global awareness-function, while
Awareness-that is depicted semantically due to the neighbourhood function. The
concepts of Explicit Aware Knowledge and Implicit Knowledge are defined, and a
list of their properties is provided. In addition, it includes a formalisation of the five
epistemic actions defined in the EAK-schema and analyses some of its main features
regarding the Explicit Aware Knowledge. To end this book, Chap. 7 is devoted to the
conclusions and final remarks about the EAK-Schema, its uses and applications. The
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most important feature is that it serves both as a theoretical correlate to the dynamic
extensions of Awareness Logic, providing it with a philosophical background, and as
an abstract conceptual structure for a re-interpretation of Epistemology (specifically,
for the Awareness Justification Internalism).
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Chapter 1 ®)
Introduction to Epistemic Logic and oo
Epistemology

Abstract This chapter summarizes the most relevant preliminary concepts from
Epistemic Logic and Epistemology. Regarding the former, the problem of logical
omniscience and its different solutions are revised, with Awareness Logic as the
chosen solution for carrying out this research. With respect to Epistemology, a brief
historical background is presented and the view of Awareness Justification Inter-
nalism is highlighted as the one that will serve as a theoretical background for the
logical approach. To conclude, some aspects of the disconnection between both dis-
ciplines are pointed out and the concept of Epistemic Awareness is defined as the
bridge-notion through wich the theoretical re-connection will be developed.

Keywords Epistemic logic « Epistemology - Epistemic internalism + Awareness
logic - Logical omniscience

1.1 Epistemic Logic: Main Concepts

This section provides the reader with a brief and sometimes schematic presentation
of the main logical concepts that will be employed during the following chapters.
While introducing these main notions some of them will be highlighted as signifi-
cantly relevant; and in those cases where it comes down to different interpretations
some choices will be made and justified.

Epistemic Logic. Epistemic Logic (EL) was ‘born’ in von Wright (1951). Von Wright
took the first steps towards a formal study of knowledge and belief. Some years later,
in Hintikka (1962), the author transforms von Wright’s ideas into more semantic
concepts and EL was established as what we know today. EL has been developed
and revisited by many authors since then.

Epistemic Logic! is an extension of Modal Logic, in which the necessity operator
(0) is interpreted as knowledge and ranges over a set of epistemic agents (Ag),

'What follows is one possible contemporary presentation of EL.
2In doxastic logic, the logic of belief, the necessity operator is interpreted as what the agent believes.
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2 1 Introduction to Epistemic Logic and Epistemology

such that the formula [J; ¢ is read as agent i knows ¢ (or ‘agent i knows the truth of
@’ or ‘agent i knows that ¢ is the case’). The semantic structure of EL, like Modal
Logic, is based on the possible worlds model (also called Kripke model), where every
epistemic possibility (possible world) an agent may consider is represented via the
epistemic accessibility relation of each agent to those possible worlds she considers.

An epistemic model is the structure in which the knowledge of the agents is
represented. Let P be a set of atomic propositions and let Ag be a set of epistemic
agents. Then an epistemic model is a tuple <W, {Ri}ieag, V), such that:

e W = & is a non-empty set of possible worlds,

e R; € (W x W) is the epistemic accessibility relation of agent i (indicating the
worlds each agent considers possible from each one of them), and

e V: W — p(P) is the atomic valuation function (indicating the atomic proposi-
tions in P that are true at each possible world).

The pair (M, w), with w € W, is called an epistemic state in model M and
corresponds to the evaluation point, that is, the world in which the given formula for
the given agent will be assessed based on the other worlds that are accessible from
w for agent i. Concretely, from each world w € W, the agent considers possible all
those worlds u that she can R-access from w.

The epistemic model M is described by the language of epistemic logic, £(J),
whose formulas ¢, ¥ are given by:

pr=pl—-p|leAny|Ue, where pePandi € Ag.

Recall that [J;¢ is read as agent i knows that ¢ is the case. The other Boolean
connectives can be defined from negation (—) and conjunction (A) in the standard
way.

The semantic interpretation of the formulas is such that for (M, w) being an epis-
temic statein M = <W, {Ri}ieag, V> and ¢ and  any formulas in £({0); (M, w) IF ¢
indicates that ¢ is true at w in M (and (M, w) ¥ ¢ indicates that it is not true). Then,

e M, w)lFp iff weV(p)

e (M, w)lF—¢p iff (M,w)WFoe

e M, w)lFp Ay iff (M,w)|F¢and (M, w) IF ¢

o (M,w)l-T;e iff foreveryu € W, R;wuimplies (M, u) IF ¢.

Note how the semantic interpretation of [J;¢ says that agent i knows ¢ at w if
and only if ¢ is true at all worlds u that are accessible for i from w due to R;.

The concepts of satisfiability and validity are defined in a standard way. Let ¢
be a formula in £([J). A formula is said to be satisfiable if and only if it is true in at
least one world w of at least one model M (that is, if and only if there is one M such
that (M, w) IF ¢). A formula is said to be valid if and only if it is true at all worlds
w of all models M. The valid formulas are represented as follows: - ¢.

The knowledge operator (LJ;) stems from the universal necessity modal operator.
As such, it has the same properties as the modal operator. This means that the knowl-
edge operator satisfies both the rule of necessity (Nec), - ¢ implies + [J; ¢, and the

'é: 494436_1_En_1_Chapter [/]TYPESET [__|DISK [_]LE CP Disp.:5/5/2021 Pages: 20 Layout: T1-Standard




Author Proof

67

68

69

70

7

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

920

91

92

93

%

95

96

97

98

929

100

101

102

103

104

105

106

107

108

109

1.1 Epistemic Logic: Main Concepts 3

K-axiom, - ; (¢ — ¥) = (J;¢ — O;¢r). The first one states that if a formula is
true, then agent i knows it. The second property makes the knowledge closed under
logical consequence, meaning that if agent i knows ¢ and ¢ — 1 at world w, then
she automatically knows 1y via the Modus Ponens rule. And this, conversely, means
that now v is also true at every u accessible from w. This feature of Epistemic Logic
has been given the name of the problem of logical omniscience.

The problem of logical omniscience. The fact that the knowledge of the epistemic
agents that EL proposes is closed under logical consequence should not be a problem
by itself. The controversy arises when the notion of ‘epistemic agents’ is applied to
human beings, instead of abstract entities that posses knowledge (like some ideal
agents from Artificial Intelligence (AI)). But, of course, when one tries to understand
the concept of ‘epistemic agent’, the most common and intuitive interpretation is to
relate it to ourselves.

This was also the case of Hintikka, who in his seminal work argued in favour of
Epistemic Logic as a way of representing human knowledge. He was already aware
of the difficulties that this would generate and stated that: “[t]he logical implications
of what we know do not come to us without any work on our own part; they are truths
which we can extract, often with considerable labor, from whatever information we
already have” (Hintikka 1962, p. 37). He continued advocating that although the
laws of logic are not equivalent to the laws of thought, they could be the “laws of
the sharpest possible thought” (Hintikka 1962, p. 37). A few years later, in (Hintikka
1975) he proposed one strategy to solve the logical omniscience of epistemic agents
as will be explained below.

Human subjects, though rational, are not omniscient (we could leave this adjective
for the knowledge of some God(s)). In fact, humans, as computing machines, have
limited reasoning abilities. Though the rationality of human subjects has not been
questioned, what is clear is that it is limited, as our lives are.

In Reasoning about Knowledge Fagin et al. (1995), the authors devote a chapter
to the problem of logical omniscience (LO) and its possible solutions.? They state
that the problem as defined above corresponds to Full Logical Omniscience. There
are also weaker forms of omniscience derived from the Full LO, such as the closure
under logical implication or closure under logical equivalence. Other types of LO,
not derivable from the Full LO are also mentioned, like closure under conjunction or
closure under valid implication. As may already be clear, all forms of LO are related
to some kind of closure property that is imposed on the knowledge of the agents in
Epistemic Logic.

As the authors wisely conclude, the different strategies out of LO pass through
a reconsideration of the conditions for knowledge or the definition of ‘knowledge’
itself. In the mentioned chapter (Fagin et al. 1995, pp. 309-362) they make a thorough
analysis of the existing solutions to the problem of LO by that time, classifying them
with respect to the semantic or syntactic structure that is imposed and the different
concepts that are being redefined. A complete overview of these solutions may be

3For an updated overview and contemporary proposal about this topic see Hawke et al. (2019).

'é: 494436_1_En_1_Chapter ["] TYPESET [__] DISK [_]LE [] CP Disp.:5/5/2021 Pages: 20 Layout: T1-Standard




Author Proof

110

111

112

113

114

115

116

17

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145
146
147
148

149

150

151

152

4 1 Introduction to Epistemic Logic and Epistemology

found in the given reference and would lie beyond the limits of this chapter. Some
key notions for a general glimpse should thus suffice.

The solutions to the problem of LO need to reconsider the conditions for knowl-
edge to be true. In standard EL knowledge is true at a given world if it is true in all
worlds accessible from the given one, and that was exactly the cause of the problem.
It is an ideal representation of knowledge. One way of solving the problem would
be to establish a different definition of knowledge, from a syntactic or a semantic
point of view. Though attractive as a solution to the problem, these strategies may
also leave knowledge without other properties that were important; they are useful
for defining knowledge, but not for modelling it formally.

There are also many non-standard logics that redefine knowledge or the whole
structure of Epistemic Logic. These non-standard approaches commonly change the
notion of truth by extending some operator or some part of the semantic structure
with a counterpart where not every property or validity holds. Though interesting and
applicable to concrete problems in Al and other fields, the authors do not highlight
any of them as a complete solution to the problem of LO (if such ‘complete solution’
even exists).

The two most promising strategies they present, from an intuitive and theoretical
point of view, are impossible worlds and awareness logic. The impossible worlds
approach was proposed in Hintikka (1975). He assumes the problem of LO and
proposes to change the semantic structure, inspired by contemporary ideas from
Veikko Rantala on surface models in Rantala 1975. Hintikka establishes a difference
between an epistemic alternative and a logical possibility, where the former are all
the alternatives the agent may consider (including impossible worlds in which, for
example, contradictory information may hold), and the latter are maximally consis-
tent descriptions of the world. Using a complex structure he manages to adapt the
semantics of possible worlds for including also impossible worlds, having now the
possibility of evaluating formulas in both types of worlds. It can be considered a
good solution for the problem of LO, since agents are not logically omniscient with
respect to the impossible worlds, but, on the other hand, they can ‘know’ everything
in those worlds, making their knowledge in impossible worlds quite trivial.

I left Awareness Logic (AL) until last, since it is the strategy I consider most
suitable for the purpose of solving the problem of LO in EL. The main idea behind
this approach, already proposed in Fagin and Halpern (1988), is that in order to know
something, it is necessary to be aware of it. They state it in the following terms:

The underlying idea is that it is necessary to be aware of a concept before one can have beliefs
about it. One cannot know something of which one is unaware. Indeed, how can someone say
that he knows or doesn’t know about p if p is a concept of which he is completely unaware?
(Fagin et al. 1995, p. 337. Original italics).

With this view in mind, they propose to add awareness to the standard system of
EL as a syntactic operator, acting as a filter on the knowledge of the agent. They
also incorporate a new operator for the explicit knowledge, representing the ‘real’
knowledge the agent possesses. The explicit knowledge of the agent is then defined
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1.1 Epistemic Logic: Main Concepts 5

by the conjunction of both implicit knowledge (standard knowledge in EL) and
awareness.

Awareness is defined as an arbitrary list of formulas and only those that coincide
with the ones implicitly known, will be the explicitly known formulas. Formally, they
modify the original language £([J), being now £4(0J), formed by £L([J) and two
new operators: the awareness operator, A, such that formulas of the form A; ¢ are
read as agent i is aware of ¢; and the explicit knowledge operator, X, with formulas
of the form X;¢ read as agent i knows ¢ explicitly.

The semantic model M is modified, adding the awareness function, 2, that assigns
a list of formulas, of which each agent is aware of, to each world. Then M As an
awareness model: M* = (W, {Ri}ieag, V, Qli).

The semantic interpretations for the two new operators are the following ones: let
(M*, w) be an awareness epistemic state with w € W and ¢ any formula in £4(0),
then

o (M4, w)lFA;jp iff ¢e2Ai(w)
o (M, w) - X;p iff (MA, w)lFA;¢ and (M4, w)lFTie

From the latter, the authors conclude the following validity, which is the key of
this proposal: - X;¢ < (A; ¢ A L;¢), stating the logical equivalence between agent
i having explicit knowledge about ¢ and her fulfilling both implicitly knowing ¢ and
being aware of ¢.

The original proposal leaves the awareness function without any restrictions, but
they argue that different closure properties might easily be achieved, such as closure
under subformulas or self-reflection. This proposal does overcome the problem of
LO and maintains the original structure of EL. It is also compatible with the previous
proposal of impossible worlds and with some other semantic structures. Probably the
stroke of genius that comes with this proposal, is that Fagin and Halpern managed
to formalize a common sense intuition that was already present in many other fields
of study.

The potential that AL has, was fruitfully explored in the following decades and
incorporated to the new paradigm of the studies of language and information. There
are also other proposals that include an external factor to the main structure of EL.
in order to divide knowledge into implicit and explicit and hence prevent the agents
from being logically omniscient, but I will not review them here for lack of interest
to this research. Though the authors present it as one possible solution among oth-
ers, they had already explored this approach (as mentioned before) and continued
afterwards this line of research.

New approaches of knowledge and information. The last decades have been very
prolific in the studies of language and information from the logical point of view. One
could speak of a new paradigm that has been settled regarding the logical interactions
of language and information (and also computation).

The different ways in which information is represented will give rise to the dif-
ferent logics and semantics that one finds nowadays. The milestone that turned the
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6 1 Introduction to Epistemic Logic and Epistemology

concepts from Epistemic Logic into a whole new paradigm was probably the con-
cept of information change. In contemporary approaches it is hard to find the mere
concepts of ‘knowledge’ and ‘belief” as such. Instead, one finds the notion of ‘infor-
mation’ and its various interpretations will turn it into either knowledge, or belief,
or other types of epistemic attitudes. Of course the concept of ‘information change’
has its origins in the studies of communication, that are seen as multi-agent scenar-
ios in Epistemic Logic, where the given formulas or propositions change during the
communication process.

Epistemic Logic represents a simple semantic interpretation of information. The
new approaches to the notion of information (change) have been made from a syn-
tactic and semantic point of view. The purely syntactic representations understand
‘information’ as a list of formulas, or propositions, and sometimes add some prop-
erties to the set of information that is assigned to an agent for achieving (or coming
closer to) omniscience. The interactions between these formulas or propositions are
then deductive. There are different proposals, with Belief Revision being one of the
most relevant ones (for a general overview see Girdenfors (1992) and Williams and
Rott (2001), for example).

In Belief Revision Theory one could highlight the AGM-model (named after
the authors Alchourrén, Girdenfors and Makinson that published the originating
paper Alchourrén et al. 1985). This proposal of representation of belief establishes a
distinction between the belief set (consistent set of formulas closed, normally, under
logical consequence) and the belief base (simple set of formulas acting as a basis
for the belief set, without closure properties). The AGM-model provides tools for
formalizing the different types of changes (e.g., revisions and updates) there might be
in the agent’s belief set, but from a purely syntactic point of view. As pointed out in
Velazquez-Quesada (2011), p. 9, “syntactic approaches have been criticized as being
too fine-grained, making differences in meaning where there seems to be none”.
However, Belief Revision Theory had great influence in the forthcoming approaches
and is still very useful in different fields of Artificial Intelligence.

The semantic approaches in this new paradigm are also based on the idea that
information changes, and so do the assigned truth-values; and this change needs to be
reflected by the formal structure. The dynamics of information is the most important
concept that arises with this considerations. The fact that the new approaches adopt
a dynamic perspective implies that information is not a static concept any more,
instead it is in constant motion. What brings the informational entities to move are
the epistemic actions, that are formalized as operators that change the model. This
branch of logics classifies the actions that promote the information to change.

Dynamic Epistemic Logic. The designation of Dynamic Epistemic Logic (DEL)*
includes different approaches, sharing as a common ground Epistemic Logic as
their foundation and epistemic actions as its modification. One of the most salient
handbooks regarding the dynamics of information is van Ditmarsch et al. (2008). In

“The first research that considers the appearance of DEL a change of paradigm is Gochet (2002).
DEL as it is considered here is best developed in van Benthem (2011).
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1.1 Epistemic Logic: Main Concepts 7

there, the authors define very precisely in which sense the concept of ‘information’
is now interpreted.

‘We regard information as something that is relative to a subject who has a certain perspective
on the world, called an agent, and the kind of information we have in mind is meaningful
as a whole, not just loose bits and pieces. This makes us call it knowledge and, to a lesser
extent, belief. This conception of information is due to the fields known as epistemic and
doxastic logic (van Ditmarsch et al. 2008, p. 1. Original italics).

As mentioned above, DEL serves as a designation for different approaches and
logics, inspired partly by EL and partly by Belief Revision theory. The different
logics and their interactions that have been proposed in the last decades conform a
wide range of possibilities. I will mention the most important notions that appear in
those proposals and that make DEL constitute a new paradigm.

The most relevant notion is that of epistemic actions, understood as the fulfilment
of an epistemic act that causes the existing information of the agent to change by
loosing information, gaining new pieces of information or transforming it. The first
and most simple action that was formalised is the act of communicating new infor-
mation, captured in Public Announcement Logic (PAL) (see Plaza 1989, 2007). I
called it ‘simple’ since this logic formalises an idealisation of the process of commu-
nication, i.e. it represents informational changes ‘“‘per the occurrence of completely
trustworthy, truthful announcements” (Baltag and Renne 2016). This logic deals with
how the announcement of new information alters the existing one, changing part of
what the agent had and creating new information derived from the old one.

Different logics that include different types of information loss or wins and updates
have been developed. The variety of epistemic actions correspond to a huge classifi-
cation that keeps on growing with every new research. Of course, as happened with
standard EL, one also finds here the problem of logical omniscience and some actions
are designed to prevent the agents from different types of omniscient properties, while
other maintain some closure properties and have been applied to Computation, Arti-
ficial Intelligence or Economics.

The main feature that defines non-omniscient agents is to have limited reasoning
abilities. It is not intended that agents cannot reason at all, but to prevent full logi-
cal omniscience the agents each logic presents need to have some kind of limiting
mechanism that makes their inferential processes not infinite and provides them with
just enough rationality for creating new information by themselves, but at the same
time prevents them from being able to be informed about everything there is.

In line with this, there have been some very interesting proposals that, based on
Awareness Logic and adopting a dynamic perspective, incorporate the actions of
becoming aware (and also unaware) or performing a deductive inference. Both are
individual actions (only affecting one agent) that help limit the deductive possibilities
of the agent, while reconciling itself with the common sense. These proposals mix
different syntactic and semantic structures in order to be able to capture the intended
consequences of each action.

To sum up, one could understand the new paradigm of the dynamics of informa-
tion as an interdisciplinary field of study, where logicians, linguists, computational
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8 1 Introduction to Epistemic Logic and Epistemology

engineers and philosophers have established as a common ground the concept of
‘information change’, and constructed a new branch of knowledge. Contemporary
advances in the field are constant and new interpretations of the basic concepts come
with almost every new proposal that is conceived.

1.2 Epistemology: An Overview and a Choice

This section starts by introducing the concept of Epistemology and its historical ori-
gins. After describing some of its basic ideas it explores the contemporary picture of
Epistemology and reviews some classifications. Then, one specific approach, Aware-
ness Justification Internalism, is highlighted as the chosen view for this research.

Definition of the term ‘Epistemology’. The term Epistemology’ has suffered from
several semantic changes. Nowadays, Epistemology is the branch of Philosophy that
studies knowledge. There is no consensus for a commonly shared definition. Going
through the most common dictionaries, one finds the following interpretations: the
Oxford Dictionary defines it as “[t]he theory of knowledge, especially with regard
to its methods, validity, and scope, and the distinction between justified belief and
opinion.”® While the Merriam-Webster Dictionary says that it is “the study or a
theory of the nature and grounds of knowledge especially with reference to its limits
and validity”.” Turning to specialised literature, Hendricks says that “[t]he systematic
and detailed study of knowledge, its criteria of acquisition and limits and models of
justification is known as epistemology” (Hendricks 2005, p. 1).

Rivers of ink have already flown regarding the different interpretations of the
term and in which sense it is related to all types of knowledge or information. For the
present purpose I will stick to the first and simple definition I gave above: branch of
Philosophy that studies knowledge. As such, there are many different aspects regard-
ing the notion of knowledge that may fall under the epistemological investigations.
Of course not every approach to knowledge is suitable of being considered Epis-
temology, but nowadays this field of study has widen its range in such a way, that
aspects like perception, communication, social factors or cognitive processes are also
part of it.

Origins of Epistemology. The topic of Epistemology has been one of the main
themes in philosophical discussion since its very beginning in Ancient Greece. One
could establish its origin in Plato’s dialogues. It is said that Plato states that knowledge
is equivalent to justified true belief (JTB) in the Meno and the Theatetus. Though this
claim is not accurate and those who state it in these terms are accused of anachronism,

SDespite of the fact that the topic is very old, the term itself was coined for the first time in Ferrier
(1854).

In https://www.lexico.com/definition/epistemology, accessed 01/02/2020.
7In https://www.merriam-webster.com/dictionary/epistemology, accessed 01/02/2020.
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