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Abstract
In this paper classical systems of update semantics are studied from the wider perspective of information exchange. We present indepen-
dent compositional statements of the content of, update with, and support for first order expressible sentences. It is shown that a proper
update with the contents of supported utterances is safe, in the sense that it does not corrupt the information distributed over the interlocu-
tors. The pragmatic outlook on update and support also allows us to escape from some of the objections that has been raised against first
order analyses of natural languages connectives, notably that of conditionals as material implication. The adopted outlook furthermore
provides inspiration for a plausible analysis of functional dependencies and of certain cases of what has been called quantificational and
modal subordination.

1. Introduction
Dynamic Semantics (DS) is a branch of linguis-

tics originating from the model-theoretic and referentially-
based work of Montague and his followers. The character-
istic feature of dynamic semantics is that it systematically
takes into account certain pragmatic aspects of interpreta-
tion. In the original versions of dynamics semantics, the
object of study is the (dynamic) logic of the effects which
the utterance of indicative sentences may bring about in an
utterance situation (Discourse Representation Theory, File
Change Semantics, Dynamic Predicate Logic, Update Se-
mantics); in other versions also the logic of the satisfaction-
conditions and pre-conditions are systematically studied
(Situation Semantics, Epistemic Semantics).

In this paper we adopt a more systematic outlook on
the semantics and pragmatics of assertions in natural lan-
guage, one that takes into account both update effects on
the side of the hearer, as well as the information which
a speaker can be said to be committed to in support for
her assertions. The main inspiration for this paper comes
from (Grice, 1975; Grice, 1978; Stalnaker, 1978; Stalnaker,
1998). Technically, it elaborates upon the work of (Kamp,
1981; Heim, 1982; Groenendijk and Stokhof, 1991; Velt-
man, 1996).

We will proceed as follows. In the next section we
introduce crucial notions and issues (semantic as well as
pragmatic) in the context of a simple fragment of natural
language which has the expressive power of propositional
logic. In section 3 we lift the discussion to the first order
level, and show how the relatively trivial results and ob-
servations from the propositional logic can be preserved,
in a non-trivial way, at the first order level. Section 4 dis-
cusses a conceptual issue which automatically arises at the
first order level. Maybe surprisingly, this doesn’t have to do
with the dynamics of first order interpretation—which has
been given a natural explanation in section 3—, but with
the absence of it in certain contexts. The insights gained
in this section constitute motivation for a natural extension
of the empirical scope of the first order system with func-
tional dependencies, which is sketched in section 5. In the
concluding section we summarize the results.

2. The Exchange of Propositions
In this section we introduce the basic notions which

this paper focuses on, that of the ‘content of’, ‘update with’
and ‘support for’ assertions. The concepts are introduced
for a fragment of natural language which can be analyzed
in terms of that of propositional logic.

2.1. Propositional Semantics

Let us assume we have a language of proposition
logic built up from a set of proposition letters by means of
negation and conjunction. Interpretation is stated relative to
a model

���������
	��
, consisting of a set of possible worlds�

and an initial valuation function
	

, which assigns sets
of worlds to proposition letters.

Satisfaction is defined relative to such a model
�

and a world 
�� �
:

Definition 1 (Propositional Satisfaction)� 
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Obviously, these are the standard satisfaction conditions.

In terms of the satisfaction conditions we can spell out the
contents of our sentences as the sets of possible worlds in
which the sentences are true:

Definition 2 (Propositional Contents)� the content of
�

in
�

, ( ( �*) )+� , is ,-
��.
%� � �!�0/
It is completely straightforward to see that the contents of
our sentences could as well have been spelled out indepen-
dently and in a compositional fashion, for:

Observation 1 (Composition of Contents)� ( ( ���1) ) �2�3�54 ( ( �1) ) �( ( �6"$#7) ) �!� ( ( �1) )98 ( ( #:) )
Clearly, this little propositional system has a classical,
Boolean semantics.



2.2. Pragmatics of Assertion

Let us now see how our propositional system lan-
guage can be used to characterize aspects of propositional
information exchange. Agents are assumed to exchange in-
formation about the (actual state of the) world, and the in-
formation they have can be modeled by means of the sets
of possible worlds which might be the actual one for as far
as the agents know.

So what can we say that an agent ; may pick up when
somebody else asserts a particular sentence

�
(and if ; ac-

cepts the assertion)? Obviously, this is the update of the
information < which he already had with the information
which he gets:

Definition 3 (Propositional Updates)� the update of < with
�

in
�

, ( ( �*) ) �=� < � , is < 8 ( ( �1) ) �
After accepting

�
, an agent is taken to believe the world to

be as he thought it was before the update, and also as it is
said to be by the utterance of

�
.

Let us now take a look at the other party in the game of in-
formation exchange, and see how the speaker’s information
relates, or must relate, to what she says to be the case. One
of the main goals of the game of information exchange is
that agents exchange true information, so one of the major
principles is that the speaker’s information state > support
the contents of her utterances:

Definition 4 (Propositional Support)� > supports
�

in
�

, >?� ��� �
, iff >A@�( ( �1) ) �

If one says that the actual world is a
�

-world, then one
ought not to conceive it possible that the actual world is
not a

�
-world.1

2.3. Coherent Information Exchange

The present propositional notions of content, update
and support are closely and coherently related. Update and
support can also be specified independently, and in a com-
positional fashion:

Observation 2 (Compositional Updates)� ( ( ���*) ) ��� < �:� < 4 ( ( �1) ) ��� < �( ( �6"$#:) )+� � < �:� ( ( #:) )+� � ( ( �1) )+� � < �B�

Observation 3 (Compositional Support)� >6� � �����
if for no C6DE>-FG@H> : >-FI� � �&�

>6� � �?"$#
iff >6� � �&�

and >?� � �&#
This is appealing, because it shows that we can study the
logic of update and support separately and in a formally
transparent fashion, without having to worry about the im-
plications of this for the philosophically well-motivated no-
tion of linguistic content.

1This notion of support may serve to implement Grice’s max-
ims of quality. It can also be used to specify Hamblin’s notion of
commitment: a speaker can be said to be committed to having the
information supporting what she says.

It is also easily seen that the update with a supported as-
sertion is safe. The information which an agent has after
the update with a supported assertion is contained in the
joint information which he and the speaker had before the
assertion:

Observation 4 (Supported Updates)� if >?� � ���
then > 8 <J@K( ( �*) )+� � < �

This fact guarantees that a proper exchange of propositional
information does not corrupt the information exchanged.
Thus, if the interlocutors start out with correct informa-
tion, and only exchange supported information, then each
of the player’s information after the exchange is correct,
too. Surely, this is a key property of a sound system of
information exchange.

2.4. Pragmatics of Conditionals

In this paper implication is, as usual, defined in terms
of negation and conjunction:

�MLN# �PORQ � � �S"T�S# �
. Thus:

Observation 5 (Implication satisfaction)� 
�� ��� �MLU#
iff, if 
%� ��� �

then 
%� ��� #
Several objections have been raised against such a material
implication analysis of conditional sentences, one of these
being that it is too weak. An implication is already satisfied
by 
 if the antecedent clause is not satisfied. When we take
pragmatic matters into account, however, such an objection
loses its bite.

Consider the support a speaker may have. If it is true
that if >V� ��� �

then >V� ��� #
, it does not yet follow that>W� ��� �XLY#

. More is required to make the latter point
true, viz., that Z�
[�\> : if 
]� � �^�

then 
]� � �_#
. This

is a stronger requirement with an intensional flavor. State> supports
�`La#

if > has evidence for some trans-world
dependency between

�
and

#
.

This point can be appreciated further when we con-
sider the following two related facts:

Observation 6 (Role Switches)�cb � � ���
iff ( ( �1) ) � b �d� C�cb � � �MLN#

iff ( ( �*) ) � b � � � #
Support for a negation

���
consists in evidence against an

attempted update with
�

. Similarly, support for an implica-
tion consists in support for the consequent which is func-
tionally dependent on an update with the antecedent. No-
tice that this functional dependence should not be a trivial
one. Grice’s quantity maxims exclude evidence for

���
or#

to support an utterance of
�$LU#

.

When we consider a fragment of natural language which
can be modeled by a language of propositional logic, the
notions of content, update and support are seen to be co-
herently related. Content of, update with, and support for
the utterance of a propositional sentence can be defined
separately, and any one of these notions can be defined in
terms of another. Besides, exchange of information can be
defined in a safe way. What about a fragment of natural
language with the expressive power of first order predicate



logic? The next section discusses what are appropriate no-
tions of content, update and support when we are concerned
with the utterance of sentences with indefinite elements (in
particular pronouns, and indefinite noun phrases)?

3. First Order Exchange
In this section we sketch the semantics and pragmat-

ics of a first order language, built upon three assumptions,
relatively well-motivated in the philosophical literature (cf.,
e.g., (Stalnaker, 1998)). First, indefinite noun phrase (mod-
eled by means of existentially quantified phrases) are gen-
erally used with referential intentions; second, anaphoric
pronouns may refer back to the individual which a preced-
ing indefinite was intended to refer to; third, both kinds of
terms are linearly ordered in discourse. The set up of this
section mirrors that of the previous one. We first specify
a satisfaction semantics for a first order language (which
includes pronouns), and then we develop suitable notions
of content, update and support. (The observations, defini-
tions and results of this section are extensively discussed in
(Dekker, 2000).)

3.1. Satisfaction of First Order Assertions

Let us assume a language built up from variables,
pronouns ( e*f � e*g �ihjhih ) and relational constants by means of
negation, existential quantification and conjunction. Vari-
ables are dealt with in the usual way by means of variable
assignments and pronouns look back in the discourse for
preceding antecedents. A pronoun e*k is interpreted as co-
referential with the l -th existential found when going back
in the discourse from the place where the pronoun occurs.
Relative to a sequence m , a pronoun e*k selects the l -th indi-
vidual mnk from that sequence, thus indicating that it is co-
referential with the l -th potential antecedent in preceding
discourse.

Formulas are interpreted relative to sequences of in-
dividuals satisfying both their existentials and pronouns.
(For a start, we neglect ‘worldly’ information.) Given that
existentials (associated with indefinites) are used with refer-
ential intentions, and since these occur in a linear order, the
‘length’ o � � � of a formula

�
is that the number of existen-

tial quantifiers in
�

not in the scope of a negation. Satisfac-
tion is defined, furthermore, relative to a first order model�p�q�sr\�ut?�

consisting of a domain of individuals
r

and
an interpretation

t
for the non-logical constants. It is de-

fined as follows:

Definition 5 (First Order Satisfaction)� m?� ����v wyx < hihjh <zF iff
� ( < ) w-v {|�ihjhihR� ( <zF ) w-v {j� � t}�sxA�

m?� ����v w�~9� �
iff m �S�?� � ��v w-� �n�
{u��� �

m?� � ��v w����
iff

� ~9� � r������n�
:
� m?� � ��v wP�

m?� � ��v w��?"$#
iff m6� � ��v w�#

and m��1o � # � � � ��v wP�
where m���� is the sequence mn��� f � mn���Gg �jhihjh

This satisfaction semantics is dynamic in that it accounts
for inter-sentential anaphoric binding. Due to its treatment
of existentials, pronouns, and its dynamic notion of con-
junction, the following two formulas are equivalent:

Observation 7 (Dynamic Conjunction)

� ~*�0�sr�� " ~��G�s��� "M� �1�9�u� " ~9���+��� "�� e f e*g �����~*��~9�I�sr}� " ~9� �¡��� "$� �*�*� " �+�P� "M� � e f ���B���~*��~9��~��G�sr}� " ��� "$� �1� " ��� "�� �1�����
This mirrors the natural language equivalence between:

(1) A diver found a pearl. She sold it to a tourist.
(2) A diver sold a pearl she found to a tourist.

Our satisfaction semantics also accounts for a worn-out ex-
ample like the famous ‘donkey-sentence’:

(3) If a farmer owns a donkey he beats it.
(4) Every farmer beats every donkey he owns.

since, e.g.,

Observation 8 (Dynamic Implication)
� ��~9� � �¡��� LN# � e f �B�:� Z �0� � �¡��� LN# �s���B�

The interested reader is referred to (Dekker, 2000) for a
further exposition of this system.

3.2. First Order Contents and Updates

In the propositional system of section 2 formulas
were defined to be satisfied by certain possible worlds, and
in the first order system by certain sequences of individuals,
in an extensional manner. The two definitions can be com-
bined by resorting to intensional models ¢ �[�¡���
r£�u¤��

,
which consist of a set of worlds

�
, a domain of individualsr

, and an interpretation function
¤

such that for all 
 � �
:¢¦¥ �%�sr\�u¤ ¥ � is an (extensional) model:

Definition 6 (First Order Contents)
� ( ( �1) )¨§ v w�� ,i
�m��.m?� � §W© v w �0/

The first order contents of a formula
�

are given by (Heim,
1982)’s satisfaction sets, sets of worlds and sequences of in-
dividuals which jointly satisfy the conditions imposed upon
them by

�
.

Although our first order notion conjunction from sec-
tion 3.1 has been seen to be dynamic, it can be understood
to derive from a (Boolean) form of intersection:

Observation 9 (Conjunction is Boolean)
� ( ( �6"$#7) ) § v w � ( ( #:) ) § v w�8 ( � o � # � ) ( ( �1) ) § v w

In this observation ( � o � # � )«ª indicates the update of the sat-
isfaction set

ª
with the fact that � o � # � more terms have

been used after the satisfaction set
ª � ( ( �1) )«§ v w

has been
established, i.e., after the assertion of

�
.

With the notion of conjoining contents at hand, first order
updates can be specified as follows:

Definition 7 (First Order Updates)
� ( ( �1) )¨§ v w�� ª �7� ( ( �1) )«§ v w 8 ( � o � � � )�ª

Under this definition, the update notion of conjunction turns
out to be a form of composition:

Observation 10 (Conjunction as Composition)
� ( ( �6"$#7) ) § v w � ª �d� ( ( #:) ) § v w � ( ( �1) ) § v w � ª �B�



Interestingly, the dynamics of conjunction (and that of
interpretation more in general) thus can be seen to re-
side in the temporal order of updating with the succes-
sive conjuncts. Conversely, the dynamic notion of con-
junction (composition) is seen to be based on an underlying
(Boolean) notion of intersection.

Our notions of content and update are not merely de-
rived notions, for

Observation 11 (First Order Compositionality)� both the contents of and the dynamic update with a
first order formula

�
can be defined independently and

compositionally

The definitions are given in (Dekker, 2000). As a matter of
fact, it appears to be immaterial whether one adopts a clas-
sical or an update notion of meaning as the basic one if one
sets out to deal with intersentential anaphoric relationships

3.3. Compositional Support and Coherence

Like we said in the introduction to this section, a
speaker is assumed to use indefinites (and other terms, for
that matter) with referential intentions. When we turn to
the support for first order utterances, these intentions have
to be dealt with explicitly.

Indefinite terms (like definite ones) are assumed to
be supported by specific subjects in the speaker’s state of
information. These states of information which an agent; has about sequences of individuals are modeled by sets
of worlds and sequences of individuals, viz., the worlds 

which ; thinks might be the actual one, with the sequences
of individuals m as the individuals which she has informa-
tion about (her subjects). A speaker’s information state,
thus, can also be modeled as a Heimian satisfaction set.

In order to indicate that a speaker has a certain sub-
ject in mind when uttering an indefinite or pronoun, we use
links ¬ which relate the terms she utters to the subjects of
her information state. Given that the (uttered) terms are lin-
early ordered, these links can be specified as sequences of
subjects of the speaker. Thus, e.g., a link l+­ for an utterance
of a formula

�
indicates that the last term in

�
is supposed

to be supported by the l -th subject of the speaker, and the
one but last term by her ­ -th subject.

First order support can now be defined as follows:

Definition 8 (First Order Support)�cb � � § v w-v ® �
iff b @K( ¬ ) ( ( �1) )¨§ v w

In this definition, ( ¬ )«ª translates the information
ª �

( ( �1) ) § v w
has about o � � � subjects into information about the

corresponding subjects of b (given by ¬ ), and that infor-
mation is supposed to be supported by b ’s subjects. (See
(Dekker, 2000) for more discussion.)

Under the present definition, support for a dynamic
conjunction corresponds to its dynamic satisfaction, for:

Observation 12 (First Order Conjunction Support)�cb � � § v w-v ®G�d"P#
iff b � � § v wiv ® #

and b � � § v w-v ® � �9�°¯*� �
The linking functions ¬ can be seen to mediate between sat-
isfying sequences of individuals and supporting subjects.

Support for two anaphorically related terms actually con-
sists in support for the two terms by one and the same sub-
ject so that

Observation 13 (Anaphoric Support)�cb � � § v w-v ®G~9� �±"M� e f iff b � � § v w-v ®G~*�0� ��"M� ���
Like the notions of content and update, that of support can
be stated independently:

Observation 14 (Compositional Support)� the support for a first order formula
�

can be defined
independently and compositionally

(The definition is spelled out in (Dekker, 2000).) Actually,
it turns out to be immaterial whether one adopts a support
or another (satisfaction, update) notion of meaning as basic.

Now that we have defined (related) notions of first order
update and support, we may turn back to the issue of safe
information exchange, this time at the first order level. Its
characterization is somewhat more involved:

Observation 15 (Supported First Order Updates)� if b � � § v w-v ® �
, then

� b 8 ( � )«ª � @²( ¬¡F ) ( ( �1) )«§ v w9� ª �
provided that ¬sF � ¬*³ � �'´PµTo � � �B� be a function

There is no room, here, to discuss the details of the side
conditions, but, basically, it amounts to this. An update ofª

with an utterance of
�

is safe, if the utterance is supported
by b under a link ¬ , and if pronouns unresolved in

�
are

justly matched with subjects in b . Notice that if
�

itself
is resolved, that is, if

�
contains no unresolved pronouns,

the situation is entirely similar to that of the propositional
setting. If

�
is not resolved however, then the hearer should,

of course, take care in resolving pronouns in the right way.
We, again, refer to (Dekker, 2000) for further discussion.

3.4. Support for Dynamic Implications

In section 2.4 we have seen that the support for an
implication consists in more than the simple truth or sat-
isfaction of a material implication, even though it is even-
tually based on a material satisfaction analysis. Thus one
argument against the material implication semantics of con-
ditionals was made harmless. At the first order level, one
more argument against this analysis is countered, as our no-
tion of support also solves what has been known as “Peirce’
Puzzle” (Read, 1992).

The following two formulas are equivalent in ordinary
predicate logic:

(5)
~*�0� � �¡���d¶ # �s���B�

(6)
~*� � �s���d¶ Z � # �¡���

Peirce considered the following sentence:

(7) There is some married woman who will commit sui-
cide in case her husband fails in business.

Although (7) is of the form (5), it seems to express a much
stronger statement than (8), which is of the, deemed equiv-
alent, form (6):

(8) Some married woman will commit suicide if all mar-
ried men fail in business.



Peirce therefore proposes an alternative analysis, as to
which (7) states that there is some married woman who un-
der all possible courses of events would commit suicide if
her husband would fail, again, with a stronger interpretation
of the embedded conditional.

However, upon a material implication analysis of
conditionals, the support (not satisfaction-) conditions of
(7) are the same as those Peirce argues for. For (7), under
an analysis as in (5), to be supported, the speaker must have
a woman in mind such that upon all courses events which
the speaker conceives possible, that woman commits sui-
cide in case her husband fails. That is, again under Gricean
assumptions, (7) requires a speaker to acknowledge a de-
pendence between failure and suicide, relative to a woman
which the speaker has in mind. (Likewise, (8) also ex-
presses a dependence, but a different one, and not relative
to some specific woman.)

4. Dynamics of Dialogue
4.1. Blocking Issues

Under the pragmatic perspective adopted in this pa-
per, it is no mystery why indefinites and pronouns in-
teract in the dynamic way they do. Like definite noun
phrases, indefinites noun phrases are used with referen-
tial intentions, and anaphoric pronouns simply pick up the
referents intended to be associated with their antecedents.
This has been characterized using sequences of individu-
als in a Tarskian fashion. The dynamics of conjunction
has been seen to reside in the (assumed) linear construc-
tion of discourse. Basically, conjunction is intersection, but
dynamic conjunction in addition acknowledges the order
of terms (the order of referential intentions) in a discourse.
These principles are independently motivated on pragmatic
grounds.

Thinking of it, it is not so much the dynamics of in-
definite reference and anaphoric co-reference that is con-
ceptually puzzling, but the lack of it when indefinites figure
in certain constructions: under a negation, in the antecedent
of conditionals, in the restriction of quantifiers, and also in
interrogatives and imperatives. If, as we think, anaphoric
potential derives from referential intentions, then why do
these referential intentions vanish in these negative (and
other) contexts?2

In this section we attribute the blocking effects of the
mentioned constructions to their typical role in discourse
and dialogue. As we will see in the next section, a proper
acknowledgment of the typical role of these constructions
in discourse and dialogue also gives us a natural handle on
the type of dependencies which indefinites in these con-
structions do give rise to.

4.2. Negation as a Role Switcher
We think the blocking effects of negations and other

constructions can be understood well when we take into ac-

2Surely this ‘generalization’ requires some qualification. In-
definite noun phrases can be used ‘specifically’ in all of the men-
tioned contexts—under a negation, in the restriction or scope of
adnominal and adverbial quantifiers, etc. However, we think that
the majority of indefinites in these contexts is not ‘specific’ in this
sense.

count their typical role in actual dialogues and the thematic
structure of such dialogues. A negation Not S may serve to
answer the issue—raised explicitly or implicitly—whether
S is true. For instance, consider an utterance of (9):
(9) Farly doesn’t run a sushi bar.

Typically, such an utterance does not serve to state of Farly
and of some sushi bar that the first doesn’t run the last. It is
much more likely that it states—possibly in answer to the
question whether Farly runs a sushi bar—that he doesn’t,
that is, that there is no such bar which Farly runs.3 Gener-
ally, then, a speaker need not have a particular sushi bar in
mind when uttering (9), and the reason may be that, intu-
itively, the existence of such a sushi bar is not part of what
the speaker claims to have evidence for. Rather, the exis-
tence of such a bar appears to be part of the issue which the
speaker addresses—negatively in example (9)—, or even
part of what the hearer might have claimed just before. So
actually, when somebody utters (9), she is normally not
coming up with a sushi bar herself, but she is claiming to
have evidence against the existence of such a bar, were any-
body else thinking of the possibility of there being one, or
even of thinking of claiming there actually to be one.

As a matter of fact, this intuition is already implicitly
spelled out in our definition of negation support. For it turns
out that the first observation in (6) also holds for our first or-
der system:

Observation 16 (First Order Role Switch)�cb � � ���
iff ( ( �1) ) � b �d�²· 4

State b supports
���

iff the update with
�

is absurd, that is,
iff b has evidence against

�
. Notice that the support for

���
can be thus, spelled out in terms of an update with

�
, and

that updates with indefinites do not presuppose referential
intentions with the updater.5

4.3. Implication as a Double Role Switcher
The conception of negation as a role switching de-

vice has a further pay off when we consider the pragmatics
of conditionals

�$LN#
, which are defined in terms of nega-

tion (and conjunction). For instance, the evidence which
a speaker may bring to bear upon her assertion of a condi-
tional sentence can be seen to consist in her evidence for the
consequent of the conditional, were she to accept anybody
else’s evidence for the antecedent.

Also this observation is implicitly accounted for, as,
evidently, the second observation in (6) holds as well in our
first order system:

3One has to be careful with these types of sentences, because
alternative interpretations are easily made available by emphasiz-
ing, e.g., Farly, or run. We here assume the utterance to carry
what may be called a ‘neutral’ intonation.

4We here assume ¸ to be resolved.
5The indicated role switch is of course reminiscent of the one

adopted in systems of game-theoretical semantics (GTS, cf., e.g.,
(Hintikka and Sandu, 1997)). In GTS, the truth of ¸ is defined
in terms of the existence of a winning strategy for a ‘verifier’. A
verifier is supposed to come up with evidence for ¸ and be able
to supply witnesses for (indefinite) terms in ¸ . However, when it
comes to a negation ¹G¸ , the verifier gets the role of the ‘falsifier’
of ¸ , who has to refute any attempt to verify ¸ by somebody else.



Observation 17 (First Order Double Role Switch)�cb � ��� �MLU# �
iff

~ ¬ : ( ( �*) ) � b � � �P® # 6

Not only does this provide motivation for the often attested
existential closure over the indefinites in the antecedent of
a conditional, but it also suggests the speaker’s evidence
for the consequent clause to be functionally dependent on
the possible witnesses for these indefinites. As we will see
below, the functional type of support which the speaker can
be required to have for indefinites in the consequent clause
can be cashed out by subsequent pronouns, if these are also
read functionally.

4.4. Background and Focus in Discourse

In the preceding discussion the typical impact of
negations (and implications) has been spelled out in terms
of the different roles of the speaker and a hearer. In GTS,
these roles have been qualified as that of an (initial) verifier
and that of an (initial) verifier, but we think the pragmatic
division of labour at issue is more general than that.

Coherent discourses and dialogues generally con-
sist of assertions which have an (explicit or implicit)
‘background’ or ‘topic’ part, and an (explicit) ‘focus’.7

Typically—that is, if context or intonation have no interfer-
ing effects—one could say that e.g., the contents of negated
sentences, the antecedents of implications, and the restric-
tions on quantifiers constitute a background or topic, which
the speaker is not automatically supposed to support, but
which she is supposed to react upon. It is the focus part of
her utterance which she can be required to have support for,
possibly in functional dependence on such a background.

Given this it is no mystery that, by default, indefi-
nites in the background part of an assertion do not intro-
duce possible referents for pronouns used in subsequent ut-
terances. Since the speaker need not be required to support
that part of her utterance, these indefinites fall beyond her
‘pragmatic jurisdiction’ so to speak, and they are not as-
sumed to be used with referential intentions. Indefinites in
focus, however, do require speaker’s support, and generally
are associated with referential intentions. However, since
the focus may be functionally dependent on a background,
the referential intentions associated with indefinites in fo-
cus may be functional, too.

5. Functional Dependencies
In the preceding section we already indicated that

support for, and satisfaction of, the consequent of an im-
plication can be functionally dependent on that of its an-
tecedent. However, so far, the possible witnesses of indef-
inites in the consequent, or, rather, the possible witness-
functions, did not appear in the satisfying sequences or sup-
porting states themselves. In this section we show that a
more principled account of the dependencies is not only

6The whole implication is assumed to be resolved.
7Cf., e.g., (Jackendoff, 1972; Karttunen and Peters, 1979; von

Stechow, 1991; Rooth, 1992, Ch. 6) for a number of formally
quite different analyses of this distinction, which we, however,
think are really close in spirit to the one we have in mind. Notice
that, when we use the term ‘focus’, we do not mean ‘contrastive
focus’ here.

possible, but also desirable. We here restrict ourselves to
stating the relevant satisfaction conditions. Corresponding
notions of update and support can be obtained by suitable
generalizations.

5.1. Transparent Universal Quantification

Consider the following well-known example:

(10) Harvey courts a girl at every convention. She usually
comes to the banquet with him. (after Karttunen)

Surely this sentence may serve to state something about
a particular girl which Harvey courts at every convention,
but—knowing Harvey—it is probably not about one partic-
ular girl. Thus, (10) may serve to state that, at every con-
vention, there is a girl Harvey courts, and which he takes to
the banquet with him. Which girl that is is of course func-
tionally dependent on which convention we consider, and
this is where functional witnesses come in.

An utterance of the first sentence of (10) can be taken
to involve a reference to possible functions º , which asso-
ciate girls which Harvey courts with the conventions he vis-
its. Therefore, the utterance of the second sentence can be
taken to refer back to these and to state that for most

�
, if

�
is a convention which Harvey visits, then º �¡�j� accompanies
Harvey to the banquet of

�
.

Such readings can be derived compositionally by
combining the techniques from, e.g., (Jacobson, 1999) with
the account of anaphoric relationships sketched in this pa-
per. Consider the following notion of universal quantifica-
tion:

Definition 9 (Transparent Universal Quantification)� 
y» m6� � w Z � � iff ZG¼ � r
: 
y» � ¼ � m6� � w-� �-�
½
� �

(with »£¾ r L r �����n�
)

This definition of universal quantification is transparent as
it it doesn’t invoke any existential closure over the indefi-
nites in

�
, their witnesses being given by the function » in

the satisfying sequence, relative to the possible values of
�

.
Upon this definition (and assuming an extension of our lan-
guage with function variables), we can state the following
equivalence:

Observation 18 (Dynamic Skolem Quantifiers)� Z ��~�� � �s�0�B�*���¿~ »1Z � � �¡�À� » �s���u�
This Skolem equivalence is special, since it is dynamic: the
witness function » is accessible for subsequent pronouns.
For example (10) this means that the pronoun “she” can be
associated with a suitable antecedent.

5.2. Transparent Implication

As has already been indicated, conditional sentences
also license functional anaphoric dependencies. Consider:

(11) If a book is printed with Kluwer it has an index. It can
always be found at the end. (after Heim)

Support for an utterance of the first sentence of (11) may
consist of a witness function » , assigning indices to books
printed with Kluwer. If the speaker has such a function in
mind, then she may refer back to it with a pronoun when
she subsequently utters the second sentence. The second



utterance then is assumed to be about books printed with
Kluwer, too, and expresses that, always, if Á is a book
printed with Kluwer, then » � Á � can be found at the end ofÁ .

The satisfaction of implications can be adjusted in
the following principled, and pragmatically motivated way:

Definition 10 (Transparent Implication Satisfaction)� 
P» m�� �U� �3LÂ# �
iff Z � � r �9���n�

: if 
 � mÃ� � �
then
P» �¡�j�z� m6� � #

(with »\¾ r}���«�n� L r����°¯*�
)

Also with this definition, we escape existential closure over
indefinites in the scope (consequent) of the implication.
The indefinites are supposed to be satisfied by the values
of the satisfying function » , relative to the possible values
of the indefinites

�
in the antecedent.

That this notion of implication is really transparent
can be seen from the following equivalence:

Observation 19 (Dynamics Skolem Implication)� ��~9� � �s��� L ~9� # �+�*�B�7�¿~ » �¡~*� � �s��� LU# � » � e f �B�B�
Again, the witnesses supporting indefinites in the conse-
quent are available for subsequent anaphoric pronouns, as
long as these can be conceived to be functionally dependent
upon possible witnesses for indefinites in the antecedent.

The interpretation of implications in our framework
is a strong one (as it is in most systems of dynamic seman-
tics) in the sense that it amounts to universal quantifica-
tion over the possible value of indefinites in the antecedent
clause. A sophisticated use of the witness functions » , how-
ever, allows us to generate weak and asymmetric readings
as well, both in a transparent fashion.

5.3. Transparent Beliefs

Techniques similar to the ones discussed above can
be used to approach the interpretation of indefinites in
modal and belief contexts. Consider two typical examples
of so-called modal subordination:

(12) Mary thinks there is a burglar in the house. She thinks
he came in through the chimney.

(13) A wolf might come in. He would eat you first.

When asserting (12) the speaker can be taken to refer
to what constitutes Mary’s representation of possible wit-
nesses of a possible burglar in her belief state; similarly,
the witness for a wolf can be seen to be dependent on the
possibilities in which a wolf comes in. In either case, the
witness is available as a referent for a subsequent pronoun,
if that pronoun can be interpreted as functionally dependent
upon the same parameters, viz., Mary’s belief state, or the
possibility that a wolf comes in.

We here refrain from spelling out the exact details
of a suitable definition of the satisfaction of these modal
statements, as it involves some technical complications. We
refer to (Dekker and van Rooy, 1998) for further discussion.

5.4. Specific Indefinites

A last issue which we want to touch upon here is
the phenomenon of specific indefinites, cf., e.g., (Abusch,
1994; Reinhart, 1997; Kratzer, 1998). As we already
said above, indefinites sometimes do escape from contexts

which normally constitute a background, and which sys-
tematically forbid genuine quantifiers to be raised from
there. Here are a couple of representative examples:

(14) If a certain linguist shows up, we are supposed to be
particularly polite, but do you remember who? (Rein-
hart)

(15) Max did not consider the possibility that some politi-
cian is corrupt. (Kratzer)

(16) If three relatives of mine die, I will inherit a house.
(Ruys)

(17) If each student improves into two subjects, then no-
one will fail the exam. (Schlenker)

We will not discuss, here, how such indefinites exactly
manage to escape these contexts. (Apparently, it has to do
with information structure.) Rather, we are concerned with
the pragmatic or semantic impact of the readings obtained.

As Kratzer observes, the specific readings of the above ex-
amples are quite a bit pragmatically infected, but we think
they are infected more than has generally been acknowl-
edged. For both upon a wide scope indefinite interpretation,
and upon a choice function analysis, the above sentences
seem to suffer from the same problem as the one addressed
by Peirce. Consider, for instance, example (14). Upon both
analyses the example can be seen to be satisfied as long as
we can pick up any linguist who doesn’t show up. Intu-
itively, this is not correct. Upon a specific interpretation,
an assertion of (14) ought to be made with a particular lin-
guist in mind, relative to whom our expected politeness is
functionally dependent upon the possibility of her showing
up. As the reader may remember from the discussion in
section 3.4, no such problem will arise within our pragmat-
ically oriented framework. Our notion of support requires
the speaker to dispose of precisely that kind of information.

Conclusion
In this paper we have studied meaning and interpre-

tation from a pragmatic point of view. We have sketched a
systematic and coherent account of the content of, update
with, and support for sentences of a first order logic. Our
general perspective on information exchange has allowed
us to deal with intersentential anaphoric binding, from all
three perspectives.

We have shown that our notions of content, update
and support each can be defined independently, and in terms
of one another. We have also shown under which conditions
first order information exchange is safe, crucially relying
upon updates with supported assertions. We have argued
that a pragmatic notion of support indeed undermines some
of the objections which has been leveled against the seman-
tic account of conditionals as material implications. The
pragmatic outlook upon the use of indefinites has finally
inspired a more principled analysis of the support of indef-
inites in background focus structures, one which enabled a
straightforward extension of our empirical scope.

With regard to the last issue more has to be said
though. In order for pronouns to be interpreted function-
ally, the background of the antecedent indefinites has to be
recovered, and we have said nothing about how this can
be achieved. The theses (Geurts, 1995; Frank, 1997; van



Rooy, 1997; Stone, 1998) provide some recent, dynamic,
analyses of this type of reconstruction.
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