Reference and Representation®

Paul Dekker
University of Amsterdam

Research on the semantics of inter-sentential anaphoric relationships in the eighties has led to a
debate about the question whether some level of representation is indispensable in the analysis
of the semantics of natural language. Within the logically oriented or model-theoretic tradition
of natural language semantics, Hans Kamp is a prominent proponent of the thesis that it is;
Jeroen Groenendijk and Martin Stokhof have explicitly argued against it. Interestingly, the two
nowadays agree on this issue: that some level of representation is indispensable in modeling the
interpretation of natural language. But what about the semantics of natural language?

In traditional theories of meaning, the question what is the meaning of a sentence or discourse
has been kept separate from the question how people actually assign meanings to texts when
they interpret them. With the growing attention for the (inter-sentential) structure of discourse,
this distinction has turned out to be not unobjectionable. Standard conceptions of what is
the meaning of a sentence have been seen to be inadequate if the aim is to assign meanings to
(structured) discourses in a compositional way. For instance, truth-conditions, or sets of possible
worlds, have been seen to be insufficiently fine-grained means to model the semantics of inter-
sentential anaphoric relationships, and therefore other, richer, notions of meaning have been
developed for use in more elaborate frameworks of discourse interpretation.

Of course, if additional means are called for to account for certain phenomena, they can,
in principle, be assigned to the semantics proper, or to interpretation proper. Thus, e.g., some
versions of situation semantics can be conceived of as locating the additional structure which is
required to deal with anaphoric relationships in the semantics (Gawron and Peters 1990; Milward
1996). Alternatively, Cooper’s E-type pronoun theory (cf. Evans 1977; Cooper 1979) assigns the
additionally required means or processes to the area of interpretation (or to pragmatics, if you
want). (Heim 1990 presents a combined E-type and situation theoretic account, one in which
the distinction between meaning and interpretation can be left intact.)

Yet, in quite an important branch of nowadays semantic theory meaning and interpretation
have grown towards each other. Discourse representation theory (Kamp 1981; Kamp and Reyle
1993), file change semantics (Heim 1982; Heim 1983), and various versions of dynamic semantics
(Groenendijk and Stokhof 1991; Groenendijk et al. 1996), adopt some sort of computational
meaning assignment, according to which the interpretation of a sentence is conceived of as a
process. In discourse representation theory (DRT', henceforth), interpretation involves operations
on discourse representation structures (DRSs), in file change semantics (FCS) operations on
files, and in systems of dynamic semantics like dynamic predicate logic (DPL) operations on
information states. In the three kinds of semantic architecture, meaning and interpretation seem
to merge.
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The dynamic turn taken with these last-mentioned systems of interpretation raises a number of
theoretical questions. In the first place there is the question to what extent old-fashioned concepts
of static semantic systems can be retained, or may have to be re-assessed when interpretation
and meaning merge. For instance, although DRT does employ familiar concepts of satisfaction
and truth for its language of DRSS, it is not clear from the outset how these concepts apply to the
represented sentences, the sentences of the language which DRT aims to give an interpretation
for. Similarly one may wonder whether concepts like rigid or demonstrative reference fit in in a
system where sentences are taken to update information states (if these concepts have to fit in
at all).

An apparently related question is the one we started out with. If interpretation involves
some level of representation, and if interpretation and meaning constitute an inseparable whole,
does this mean we are committed to a representational concept of meaning? Or might it be pos-
sible to delineate a part of the more general system of interpretation which could appropriately
be called ‘properly semantic’? In this paper we delineate such a, not overtly representational,
part of a theory of the interpretation of singular pronouns by putting matters of resolution aside.
We will take some resolution mechanism for pronouns (and demonstratives) for granted, and as-
sume that the input of semantic interpretation consists of indexed syntactic structures, in which
anaphoric pronouns are disambiguated, in a sense too be made precise below. We then argue
that the delineated theory is not strongly representational (although it is seen to be ‘weakly’
representational).

We will proceed as follows. We will starting with sketching and motivating a system of epis-
temic predicate logic (EPL) which deals with anaphora and demonstratives. Then we present a
variety of notions of representationalism, and discuss to what extent EPL and kindred systems
of interpretation qualify as representational. This discussion brings up the question to what
extent independent motivation can be given for the extended notion of meaning which seem to
be required to deal with anaphora. Our, provisional, answer will be that it involves the organi-
zation of information around ‘subjects’, which are understood to stand in for potential sources
of information. In this paper we do not discuss ‘second order’ information, information which
agents may have about the information of others. The reason is that we do not want to introduce
representations in our object models from the outset. Throughout we assume familiarity with
the basic concepts of DRT', DPL, and E-type pronoun theories.

1 Representation and Information

In this section we introduce our perspective on information and meaning.

Representations of the world The general picture which we want to capture in our models is
the following. In the first place, there is the real world, with individuals living there. There
are also other possible worlds, with other possible individuals, but these are assumed not to
interact with the real one. We also take it that certain individuals in the real world carry around
information about it, and that they represent the ways things are, and that it is useful for them
to do so.

The representations that individuals make up can be pictured in the following simple (and
artificial way). They contain a list of subjects (in a completely pre-theoretical sense) which these
representations are about (equally pre-theoretical), and a list of conditions associated with these
subjects. We can simply picture them as DRT’s DRSs, with discourse markers standing in for



the subjects which an epistemic agent is concerned with, and conditions describing what they
look like to him or what he knows of them. In this way epistemic agents can be taken to represent
(subsets of) the individuals with whom they inhabit the actual world, as things having certain
properties and standing in certain relations. A DRS can be pictured as follows:
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A DRS of this form represents the information that n subjects satisfy the conditions imposed
on them by ¢; through ¢,. These conditions may be simple property ascriptions, for instance,
that x; is a gift, that x; is green, or that x; is called ‘Fred’; but they can also express more
complicated relations, for instance, that z; has shown x; to everybody who has ever shown zy,

to x;. All this is just standard discourse representation theory, with the term ‘discourse’ broadly
conceived.

Situated representations The above picture of a representation can be extended somewhat. Like
we said, individuals (epistemic agents) represent (information about) individuals in the actual
world, including themselves. (A prime subject for the self-supporting being which an epistemic
agent is, is he himself, of course.) For this reason we will assume that representations always
include one distinguished discourse marker which represents themselves (or their ‘carrier’; the
individual, whoever it is, who has that representation).!

Furthermore, in many ordinary cases agents are also concerned with individuals who are
demonstratively present. They may gain knowledge about these individuals by perception. One
additional assumption that therefore has to be made is that demonstratively present individuals
are represented as subjects, too, and that epistemic agents in general are capable of connecting
up the markers for these individuals with targets of perception and action, for a proper coor-
dination of their representational apparatus with their senso-motorical activities. We assume
that it is an empirical matter of fact which demonstrable individuals are represented by which
markers. More generally we assume it is also an empirical matter of fact that certain markers
represent individuals which an epistemic agent has been acquainted with in the past.? A situated
representation can now be pictured as follows:
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Here, d; through dj are the individuals which are assumed to be demonstratively present. R;
is the representation of epistemic agent d;. Clearly, i < k, for the agent d; is present himself.

1. We assume that one cannot see from a representation who is the carrier of that representation, because different

agents may have (or carry) identical representations. More on this below.)
2. These assumptions seem to imply some psychologically realistic conception of these markers. Although we don’t

want to make any claim about the psychological or cognitive plausibility of DRSs, we think this is compatible
with our assumption that epistemic agents somehow represent (or ‘model’, or whatever term the reader thinks
appropriate) both the world in which they live and the individuals which do so likewise.



Furthermore, there is a linking (or ‘anchoring’) relation [ which determines which markers of
R; are related to which individuals. In particular, [;(z1) = d;, assuming that the first marker
represents the Self (the first person). Notice that we have drawn a frame around the situation
above. This is not to say that these situations themselves are representations, and that their
individuals are markers. Obviously, they are not. What the frame may show, however, is that
the aspects of situations which are relevant here can be depicted by representations.

Represented situations Sofar we have talked about the ways in which epistemic agents might
represent the information they have, but our interest does not lie in the specific ways in which
they do so, but in the actual contents of these representations. As our interest in linguistics lies
in spelling out the meanings of sentences, and in meaningful relationships like that of entailment,
so we are interested, here, in the meanings of representations, and in meaningful relationships
like that of information containment.

So, the question is, what do these representations mean? As a possible meaning of a
representation we can think of a list of individuals which the representation can be said to
be about. If the representation contains n markers x7 ...x,, it can be associated with a list of
individuals dy . .. d,, such that the individuals d; . .. d,, satisfy the conditions imposed on 1 ... x,.
However, since there may be more than one such list which satisfies the conditions, it is more
appropriate to think of the meaning of a representation more in general as the set of all such
verifying lists (or ‘cases’). Moreover, since representations also represent general information
about the world, we may equate the meaning of a representation with all combinations of a
possible world w and a list of individuals d; ... d,, such that, in w the individuals d; ... d,, in
that order, satisfy the conditions imposed on z7 ... x, by the representation at issue. Such sets
of ‘witnessing cases’ can be pictured as follows:

(wydy, ... dy)
Possible
o cases
(3) (w',dy, ... d,)
N1/

Possible values
of n subjects

Subjects as partial objects It may have occurred to the reader that instead of taking sets of
worlds and related witnessing individuals as the interpretations of representations, we might
also have chosen to take just the sets of worlds in which there are such witnesses.> So, one may
wonder, what exactly is the added value of having these subjects? For the moment we can say
that our subjects are used to model an epistemic notion of aboutness. We have already said
above that our information states can be said to contain information about real individuals, in
virtue of certain links which are assumed to exist between an information state’s markers, or
subjects, and real individuals, but these links are external to these states. Now we are dealing
with a notion of aboutness internal to these states.

3. So, if a DRS consists of the markers x; ...x, and the conditions ¢; ... ¢, one may ‘read’ it, in Montague’s
Intensional Logic, as the intension of 3z1...3xn(P1 A ... A ¢m), instead of that of Az1... Azn(d1 A ... A dm),
which is our way of reading it.



Epistemically speaking, individuals are only given to us under their guises. They enter
our information states as the carriers of the properties we ascribe to them and the relations in
which we think or know they stand with others (including ourselves). Now, although we assume
that there are real individuals which instantiate all these properties, and which can be said to
be the causal root of our information, our information by itself needs not single out any specific
individuals at all. Still we can say we have information about the subjects as they are known
to us. For instance, suppose you have been told about an African country, about its population,
economy, history and whatever, without having been told which country. Then you can say you
have information about that country, without exactly knowing which country. In this epistemic
sense you may say your information is about an object the identity of which is only partially
known to you, a partial object.

Like partial information about the world, which is modeled in terms of sets of worlds—
viz., the set of possible worlds which might be the actual one for as far as you know—we model
partial information about (the identity of) individuals in terms of sets of individuals. A partially
known individual, a subject, is characterized by the set of individuals each one of which has
all the properties you ascribe to him. Here we may notice that a sequence of n subjects is not
characterized by a sequence of n sets of individuals, but by a set of sequences of n individuals.
For some subjects can be ascribed the property of standing in certain relations to other subjects,
and therefore they hang together, like the links of a chain. If I have been told about an African
state and about the husband of the private doctor of the king of the state, then getting more
information about which country this is about, involves getting more information about which
husband this is about, and vice versa. Notice that this point would be hard to understand if
subjects were taken to be discrete individuals.*

Combinatorics of meaning It has been shown at various places that any notion of information
about numbers of subjects similar to the one sketched here enables a semantic treatment of the
interpretation of singular pronouns and demonstratives. The main idea is that the referents of
demonstratives and the antecedents of pronouns are represented by subjects. Since subjects can
be conceived of as arguments holes of relations, sentences with demonstratives and pronouns
can be taken to further constrain the entities which fit in these holes.

Let us consider one example, first from a more representational perspective, and then from
a more semantical one. Consider the following sequence of two sentences

(4) A bear has escaped from the circus. It is chasing him.

The interpretation of this sequence can be taken to be built up from three representations.
An initial representation R representing the interpreter’s initial state of information, and two
representations R1 and Ro, corresponding to the two sentences of our example:

Tly..,Tp
1 — p?,d?
(5) Ro = : Ry=| %isabear Ro = p chases d
: x has escaped
Pm

Here it is assumed that Rq comes with a side-condition that its marker x be new, because the
indefinite noun phrase a bear is taken to introduce a new discourse referent. The question marks
on the markers in Ry indicate that the markers have to be resolved. The marker p translates

4. For a more detailed explanation of the notion of a partial object, cf. Landman 1986, Ch. 2; Dekker 1996b.



the anaphoric pronoun it and has to be resolved by a marker introduced by an antecedent noun
phrase. The marker d translates the demonstrative him and has to be resolved by a marker
representing a demonstratively present individual.

Properly merging R; with R, the marker x is replaced by a new one y and the two
representations are put together. Next Ro can be merged with the result. The marker p then
has to be resolved, into y, for instance, which represents the subject introduced last, and d has
to be resolved, for instance, as the third subject (assuming that this marker x3 represents a
demonstratively present individual pointed at). The net result can be depicted as follows:

T1,.-.,Tn, Y
o1 y is a bear

(6)

y has escaped
Om y chases 3

We must note here that this way of looking at the merging of representations is more that of
(Vermeulen 1996; Eijck and Kamp 1996), than that of (Kamp 1981; Kamp and Reyle 1993).

Dynamics of interpretation Let us now see how the same results can be obtained in a more
semantic fashion. Since, as we have said in the introduction, we have side-stepped the process
of resolution in this paper, we can think of the meanings of sentences as having the results
of such a resolution process built-in. There are several ways in which the resolution of these
context dependent items can be formulated. Like in DPL (Groenendijk and Stokhof 1991),
EDPL (Dekker 1996b), and MDPL (Groenendijk et al. 1996), we can think of our subjects as
being named by variables, and equate resolved pronouns (and demonstratives) with the variables
naming the subjects they refer to. Alternatively, in the system of EPL we think of resolved
demonstratives and pronouns as referring to a determinate position in the rows of subjects
(Dekker 1994; Dekker 1996a, cf. also the appendix of this paper). In any case, in order to state
the semantic impact of a resolved sentence, its meaning or interpretation has to be specified
relative to the result of the interpretation of previous sentences. Thus, the interpretation of a
sentence involves injecting the sentence’s contents to the information state it is interpreted in.

Let us assume, again, that the subjects which represent demonstrably present individuals
occupy the first positions of an information state. A (resolved) demonstrative d; then is taken
to refer to the i-th subject of that information state (if ¢ is smaller than the total number of
demonstrable subjects). Likewise, a pronoun p; can be taken to refer to the n — j-th subject,
if n is the total number of subjects of the information state, and the n — j-th one is a subject
introduced by preceding discourse. Now, let oy be the interpretation of Ry. The interpretation
of the above example then can be spelled out as follows. First og is updated with our rendering
Jdx(BEARx AN ESCAPEx) of the first sentence above, which yields o;:

(7) o9[3x(BEARxz N ESCAPEz)] =
{(w,dl,...,dn,d’> ‘ (w,dl,... ,dn> € 0o &
d € F,(BEAR) &
d ¢ F,(ESCAPE)} (= o)

(Fw(P) here indicates the extension of a predicate P in a world w.) The first update leads to
an extension of any case e in ¢ with a bear in e’s world w, which has escaped in w,. (That
is, if there are escaped bears in such a world; otherwise, the whole case is dismissed.) Thus, an
n + 1-th subject is created that is an arbitrary bear that escaped. Our rendering of the second
sentence reads, after resolution, CHASEpgds. Thus, it adds the condition that this last subject



chases the demonstratively present individual which is represented as the third subject:
(8) g1 [[CHASEpodgﬂ =
{{w,dy,....dn,d) | {(w,dy,...,dyp,d)eoy & (d',d3) € F,(CHASE)} =
{(’w,dl,...,dn,d,> | <’w,d1,... ,dn> € 0o &
d € F,(BEAR) &
d € F,(ESCAPE) &
(d/,d3> S Fw(CHASE)} (: 0'2)
In the overall result of this tiny interpretation process a subject has emerged which is an arbitrary
bear which escaped and which is chasing number three.

To conclude, we have a relatively simple theory here which deals with a notion of infor-
mation about partial objects, in terms of which the semantics of pronouns can be spelled out in
a compositional way.® Furthermore, the notion of information at issue is spelled out entirely in
terms of possible worlds and their inhabitants, respectable semantic entities, one may say.

2 Interlude: on Demonstrable Objects

In this paper we assume that demonstratives get linked to the representatives of demonstrable
individuals, where these representatives are conceived of as partial objects, like subjects. Before
we carry on with our main theme, we present some further explication of and motivation for the
conception of demonstrable subjects as partial objects.”

Demonstrable Objects In this paper we assume that the information in information states does
not in general secure univocal links between demonstrable subjects and the actual individuals
which the subjects stand in for. The subjects which are taken to represent demonstratively
present individuals are not assumed to come with any ‘essential’ information about the identity
of these individuals. The idea is that in principle no information about an individual can provide
a certified method to distinguish it from a sufficiently resembling twin or duplicate.

Needless to say, of course, that we are not completely impartial about demonstratively
present individuals, so we may have to add a couple of things to complete our picture. Firstly,
like we said, we do assume that there are (causal and perceptual) links between individuals and
their epistemic representatives, and by reference to such a link information states can be truly
said to contain information about such individuals. The main point of this is, however, that
it is not the information in an information state which (uniquely) determines which individual
the information is about. We can only establish this relationship if we widen the strictly epis-
temic perspective, and also take in account the world in which information is gathered, and the
individuals in this world which are the actual sources of their informational representatives.

In connection with this point we can say that it is the specific combination of an agent’s
information state with the situation which he actually is in, which makes his information apply to
the individuals which are present. Although the subjects of an epistemic agent do not univocally
determine one real individual, the non-singular information of an agent, in combination with the

5. We like to point out here that our system is close in spirit to the theory presented in Zeevat 1996.

6. The subjects which represent demonstrable individuals are also called ‘objects’ in Dekker 1996a. The fact
that there is an apparent qualitative difference between such demonstrable objects and subjects construed from
hear-say, can be dealt with in terms of the characteristic properties attributed to these objects by information
states, and of the highly specific relations in which they are assumed to stand with the information state’s Self.
At least for the purposes of this paper, there is no need to render it as a formal difference.



situation he is in, can be effectively used as singular information about the individuals which
are present. For example, consider the owner of an information state who has noticed that he
has a dog with him who is hungry, and that he has a cookie in his pocket. Then the combination
of the owner’s information and the situation he is in enables him to put the cookie in his dog’s
mouth, without this requiring him to have absolute knowledge about the identity or essence of
the three protagonists, viz., about himself, the cookie and the doggie’s mouth.

Finally, we of course agree that we are in general quite capable of distinguishing any two
different individuals which we are directly acquainted with. If an epistemic agent is sufficiently
alert when he is confronted with two obviously different individuals, then normally he can tell
the two apart. But, really, this only requires his information state to contain two representatives
of two real individuals, one with an obvious property ascribed which the other obviously doesn’t
have. But, again, this capacity does not presuppose a capacity to tell the two apart under all
circumstances. The latter capacity, we think, is quite unrealistic, whereas the first (the capacity
of telling two distinct individuals apart) is not.

We can illustrate these observations with a worn-out example. Think of some epistemic agent
Dick who points to Venus in the evening sky saying that he knows that it is Hesperus. We think
this constitutes reason enough to say that Dick has information, about the thing pointed at, that
it has all the properties he attributes to Hesperus, including that of being called ‘Hesperus’. A
completely similar situation the next morning may motivate us to say that Dick has information,
about Venus, that it has all the properties he attributes to Phosphorus, including that of being
named ‘Phosphorus’. Now, since he has all this information about one and the same thing, does
he also have the conjunction of that information? Old wisdom has it that he need not know
that the thing pointed at in the evening is in fact the same thing as the one pointed at in the
morning, so he also need not know that Phosphorus is Hesperus. For, in the non-ontological,
but epistemological sense of might, the thing seen in the evening might not have been the thing
seen in the morning, without Dick being able to tell any difference.” But then, even if Dick can
be said to have all this information, about Phosphorus and about Hesperus, it is not rendered
as information about one and the same individual in his information state.

Demonstrative reference The observed latitude between the epistemological and the ontological
status of demonstrable subjects also shows from the intended interpretation of statements using
demonstratives. In the most ordinary cases where we are confronted with two demonstrations,
it is obvious whether the two demonstrations involve one and the same individual, or whether
they involve two, distinct individuals. If one points at two obviously distinct individuals saying
this; one is not thate one, one asserts an obvious truth, of course, but this also true if one says
of an animal which is obviously a cat, that thats is a cat. No information is added because it is
already witnessed. But this should not lead us into thinking that such a statement, therefore, is
analytic.

The point we want to emphasize is not whether it is possible that two different individuals
which are pointed at can be one and the same. It is not, we believe. The point is whether we
can make two successful demonstrations and legitimately raise the question whether or not we
have pointed at one and the same individual twice, or whether we have pointed at two distinct

7. As Kripke has succinctly put it: “And so it’s true that given the evidence that someone has antecedent to his
empirical investigation, he can be placed in a sense in exactly the same situation, that is a qualitatively identical
epistemic situation, and call two heavenly bodies ‘Hesperus’ and ‘Phosphorus’, without their being identical”
Kripke 1972, p. 307-8.



individuals. And we believe, with Kripke, Kaplan, and Perry, among others, that we can do so.
For one may point at an individual by pointing at two different parts of it, with the epistemic
possibility that they are parts of different individuals. Or one may point at two partly visible
individuals, and leave open the epistemic possibility that they are one. One may also employ
different channels of perception, and, apart from visual appearance, use sounds, and scents. For
instance, think of somebody who says: “That is Hob, that is Nob, and that is Zob”, the first
‘that’ being uttered with the ears pricked, the second while sniffing, and the third while pointing
at a cat. It is conceivable, at least, that it is not obvious from such an utterance whether any of
Hob, Nob and Zob are or are not identical.

One may also point at one individual from different perspectives, for instance one direct
and one via a mirror. David Kaplan has thought “that man’s pants are on fire”, pointing at
himself in a mirror, that’s how the story goes. So he believes, about himself, that his pants are
on fire. But this doesn’t need to mean that he believes that his (own) pants are on fire. Kaplan
also invented a most inert utterance, arguing that: “For example, it might be informative to you
for me to tell you that

(9) That [pointing to Venus in the morning sky]| is identical to that [pointing to Venus in the
evening sky]

(I would, of course, have to speak very slowly.)” (Kaplan 1989, p. 514) In all these cases, of what
we think are successful demonstrations, not all questions are settled about the identity of the
individuals referred to.

To conclude this interlude, let us give one more illustration, more up to date then the one
used above. Think of two individuals called ‘Robin’ and ‘Joris’ which are documents in the world
wide web and inhabitants of a directory called ‘Ei’. They are individuals which have information.
Suppose, that Robin contains a relative link to herself and one to Joris with the information that
the first sees the second. (So we say she has information about Robin and Joris, viz., that they
stand in the see relation.) Next suppose that the system manager makes a copy of the whole
directory Ei, which we, for proper reference, label ‘Ei”. In Ei’ there are two documents Robin’
and Joris’. Robin’ carries information about Robin’ and Joris’, not about Robin and Joris. Since,
by hypothesis, Robin’ is an exact copy of Robin, Robin’ has the same information as Robin. So,
precisely the same information is about Robin and Joris in Ei, and about Robin’ and Joris’ in
Ei’. Therefore, Robin has no information which in all constellations picks out Robin and Joris
as the ones the information is about. For more, fancy, examples of cases like these, the reader is
referred to Kaplan 1989; Lewis 1979; Perry 1979.

3 Grades of Representationalism

We now turn to the question to what extent systems of interpretation which deal with singular
anaphora are representational. In order to answer this question, we of course first have to answer
the question what it means for a theory to be representational, and to this question various
answers can be given. In this section we will address three definitions of representationalism

8. One might of course object that it is not really clear what is pointed at in these examples, and that it is the use
of the demonstratives here which is seen to be defective, not their epistemic analysis as rigidly denoting terms. In
our turn, we may concede that a successful demonstration may require the selection of a subject which is distinct
from all other demonstrable subjects. However, this requirement should not be confused with the requirement
that the agents can distinguish the individual pointed at from all other (possible) individuals, which, we think, is
something which never can be ensured.



which range from what we call ‘strong’ to what is called ‘weak’ representationalism. The first,
strongest, notion of representationalism is originally presented by Hans Kamp at a workshop
on context dependence in Prague, february 1995, and the last, weakest, one was inspired by
suggestions made by Ede Zimmermann at the very same workshop. The intermediate notion, we
think, naturally suggests itself. For each notion we will find a typical representative. DRT will
be classified as strongly representational, DPL as midweakly representational, EPL as weakly
representational, and E-type pronoun theories as non-representational. Notice, however, that
each classification comes with its qualifications.

Strong representationalism All three notions of representationalism hinge upon a conception
of semantic values, or of semantic valuation functions, which are or are not seen to depend
on aspects of representations. Hans Kamp presents his definition of (what we call ‘strong’)
representationalism relative to some syntactic and to some semantic theory. The idea is that one
first has to make explicit what the language is, and what it is about, loosely speaking, and then
one can ask whether some specific mapping from the first to the second is representational. When
specific semantic values are assigned to specific syntactic structures, the question is whether one
employs the domain of semantic values only, or whether it is essential to employ (aspects of)
the syntactic structures.

Let us be more specific. Let us assume we have a theory £ of sentence structure which
assigns categories to the expressions of a (natural) language, and a semantic theory S which
specifies the notion of a model M and the set of possible values of the expressions of a certain
category in that model M.

(10) A theory of interpretation is strongly representational with respect to £ and S iff it makes
use of properties of descriptions of semantic values which are not recoverable from the
values they describe.

Clearly, the phrase “makes use of” should not be taken to include the specific expressions which
are assigned meanings, because every theory of interpretation then would qualify as representa-
tional. Maybe the idea can be put more clearly the other way around. If any two syntactically
distinct expressions are associated with the same (independently specified) meaning, and, yet,
play a different role in the explanation of certain semantic facts, then the explanation of these
facts is (strongly) representational. Consider the following two sentences:

(11) A man is walking through the park.
(12) It is not so that no man is walking through the park.

If we make the not unusual assumption that the syntactic category of sentences is associated
with a semantic type of truth-conditions, and that these two sentences have the same truth-
conditions, then the two should play precisely the same semantic role in a non-representational
theory. If, however, our theory wants a semantic explanation for the apparent fact that the
sentence 11 licenses a continuation with an anaphoric expression, whereas example 12 does not,
then that theory is bound to explain the difference in terms of a difference in syntactic structure.
A theory of interpretation which, on the given assumptions, assigns the two sentences a different
role, thus qualifies as strongly representational.

It may be clear that discourse representation theory DRT qualifies as strongly representational.
The two sentences 11 and 12 are associated with the same meanings in DRT, because they

9. Our rendering of Kamp’s definition is made up from our recollection and unreliable transcripts of the slides
he showed at the workshop, so it may deviate from the original. We do hope we have preserved the spirit of his
proposal.
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have the same truth conditions, and, yet, they have a different semantic impact, for 11 triggers
the introduction of a discourse referent, while 12 does not. Still, we can immediately qualify
this claim. For DRT can only be said to be strongly representational relative to the semantic
theory according to which the possible semantic values of sentences or discourse representation
structures are truth values, or truth conditions. However, alternative theories are conceivable.
Disregarding the question of its viability, one can imagine a semantic theory according to which
the domain of semantic values consists of updates of discourse representation structures, and rel-
ative to such a theory DRT can be characterized as not (strongly) representational. Apparently,
this possibility points at a conceptual ‘leak’ in the definition of (strongly) representational. For
not only the philosophy underlying original DRT is proclaimed representational, also intuitively
DRT seems to qualify thus.

E-type pronoun theories, too, can be characterized both ways. According to Evans 1977’s
proposal, pronouns stand proxy for definite descriptions which can be reconstructed on the basis
of the syntactic contexts of the pronouns. Clearly, such syntactic contexts cannot in general be
reconstructed from the semantic values which they describe, and, thus, this type of pronoun
interpretation qualifies as strongly representational. However, one can also argue that the re-
construction of the descriptions is of a pragmatic nature, and then one might say that not the
pronouns, but the reconstructed descriptions make up the input for semantic processing (cf.,
e.g., Cooper 1979). With such a conception of the general interpretive architecture, an E-type
pronoun theory does not qualify as representational, not even in a weak sense.'®

Other theories like DPL, EDPL, MDPL (as well as DMG, Groenendijk and Stokhof 1990;
DB, Chierchia 1995 and CDRT, Muskens 1996) can be seen to be not strongly representational.
In each of these theories some richer notion of sentence meaning is adopted, and with respect to
domains of enriched semantic values interpretation is defined in a compositional and not strongly
representational way. But again there is reason to be cautious. As easy as we have given DRT a
not strongly representational outlook above, as easy we may have done the same to DPL and its
offspring here. For it is at least conceivable that these enriched domains of semantic values are
not properly semantic, or that they themselves have to be qualified as representational, in some
yet to be specified sense. In order to test these doubts, and to stop the leak alluded to above,
we will now present a stronger notion of non-representationalism, which comes with a weaker
notion of representationalism.

Medium, or midweak representationalism With the second notion of representationalism we
want to give a principled answer to the question what are respectable semantic values with
respect to which theories of interpretation can be properly called representational or not. The
idea which we want to flesh out here is that a theory can only be called non-representational if
its semantic objects can be independently specified, without (explicit) reference to the language
which can be used to speak about them.

The second notion of representationalism is defined relative to an architecture A, which
specifies what a possible language A, is and what are its linguistic categories, and what are
possible domains A(z) 4 of semantic values for the categories of Ap.

(13) A theory of interpretation is midweakly representational with respect to A iff it is strongly
representational or its specifications of Ay, S depend on specifications of L.

A semantic theory qualifies as not midweakly representational if its languages can be used to talk

10. Although we have to point out that the theory may exhibit gaps, which can only be filled by a resort to
(midweak) representationalism, cf., the discussion on uniqueness in the next section.
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about a pre-given domain of possible semantic values. Notice that the usual models of formal
languages qualify as midweakly representational, because they include valuation functions for
the constants of a language. However, what are called ‘frames’ in modal logic do not qualify
thus.

If we adopt the alternative conception of DRT’s semantic values, DRT is seen to be
midweakly representational. If the semantic values of some specific language A, are conceived
of as updates of DRSs, they cannot be specified without referring to A, because the updates
include those of adding conditions which employ the predicate and relation expressions of A,.
(Notice, however, that this conclusion can be avoided again if we think of DRSs as expressions
of a language of thought in its own right, cf. below.)

All systems of the DPL-variety have to be qualified as midweakly representational according to
the definition above. In each of these systems the domain of sentence meanings is built up from
a domain of variable assignments, i.e., from a domain of functions assigning individuals to the
variables of the language which is interpreted.'! Clearly, no specification of variable assignments
can be given if the variables are not given.

It may be noticed that even ordinary first order predicate logic (PL) can be characterized
as midweakly representational. The meanings of PL-formulas are specified in terms of sets of
satisfying variable assignments in order to achieve a truly compositional treatment of quantified
expressions (cf., e.g., Janssen 1986). Notice, however, that the resort to variable assignments is
only relevant for the interpretation of formulas with free variables. When sentences are conceived
of as formulas without free variables, the PL-combinatorics at the sentential level can be char-
acterized as non-representational. Notice, too, that a corresponding notion of a sentence does
not make much sense in DPL-style systems, because the raison d’étre of these systems precisely
lies in their treatment of sentences with free variables (read: pronouns). Besides, we notice that
the PL interpretation can also can be specified without reference to variable assignments, and
with reference to sequences of individuals instead (cf., e.g., Tarski 1956).

For other semantic theories of anaphora like that of EPL (presented here), E-type pronoun
theories (mind the qualification made above), and choice function theories (Peregrin and von
Heusinger 1995) the same things hold as for PL. For as far as these theories deal with quantifiers
by quantification over variable assignments, they can be judged midweakly representational at
the sub-sentential level. The respective notions of sentence meanings, however, do not qualify
thus. E-type pronoun theories employ sets of possible worlds, EPL employs products from worlds
and individuals, and choice function theories use choice functions over sets of individuals. Each
of these three types values can be assumed to be given without reference to a specific language
to be interpreted.

Weak representationalism Our notion of midweak representationalism can still be judged to
be too strong a notion, or, conversely, our notion of midweak non-representationalism a too
weak one. According to this midweak notion a theory of interpretation might qualify as non-
representational also if it claims to give an exhaustive specification of the semantics of one
(spoken) language by translating it into another one (e.g. a language of thought). Now even if
we pass over the methodological and philosophical questions about the viability of such a theory,

11. For the systems of DMG and CDRT this need not be immediately clear, because the domains of interpretation
employed there comprise primitive entities (‘states’), which are made to behave like variable assignments by means
of postulates. However, in these two systems the cardinality of the set of variables or discourse markers of a specific
language A, constrains the cardinality of possible domains of states. The two are therefore seen to be midweakly
representational in a more indirect way.
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we want to ascertain that such a theory qualifies as representational in some sense. The notion
of (non-)representationalism which seems to be at issue here, is one which Ede Zimmermann
has presented as the only sensible one.

For a theory of interpretation to qualify as non-representational, it is not only required that
its domain of semantic values can be independently specified, but that it can be independently
motivated. The assumption here is that a theory of interpretation always comes with some
implicit or explicit idea of what linguistic communication is about, or what it is used for. If this
kind of subject matter or goal can be independently motivated (and if the meaning assignment
is not stated in a strongly or midweakly representational way), then the theory qualifies as not
weakly representational, or just non-representational at all. The requirement can be formulated
as follows, in a deliberately somewhat loose way:

(14) A theory of interpretation is weakly representational iff it is midweakly representational or
its domains of semantic values cannot be motivated without reference to linguistic facts.

Notice that this definition is mainly concerned with the various conceptions of sentence meanings,
or with the various notions of information conveyed by sentences. The mentioned linguistic facts
are meant to include all aspects of (linguistic) information exchange. Notice, moreover, that
there is some latitude in the characterization of a theory as weakly representational, because,
of course, it is always hard to ascertain that something cannot be done (viz., that a certain
kind of motivation cannot be given). However, this weak notion does allow for a determinate
qualification of theories as non-representational, for independent motivation may as a matter of
fact have been given for certain domains of semantic values.

Stalnaker, for instance, has given an in-depth explanation of and motivation for the use of
sets of possible worlds to characterize the states and actions of living beings (Stalnaker 1984).
To our conviction one need not concur with Stalnaker in all details to agree that it is key to
our understanding of the behaviour of such agents that they impose some kind of restrictions on
what the world is or is like, restrictions which can at least partly be fleshed out in terms of sets
of (conceived possible) worlds. We conclude that sets of possible worlds qualify as respectable
entities for a non-representational theory.'?

On the basis of the preceding discussion we can immediately characterize E-type pronoun the-
ories as not weakly representational, that is, as non-representational. At least under the as-
sumption discussed above, about the division of labour between a semantic and a pragmatic
component of an E-type theory, its (sentential) semantics is or can be properly spelled out in
terms of sets of possible worlds. (But., cf., the qualification mentioned in footnote 10.) Choice
function theories of anaphora may be granted the benefit of the doubt which our loose notion of
weak representationalism allows for. For although we don’t know, at present, of any independent
motivation for the use of choice functions by living agents, yet we also know of no reason for
excluding there to be any such possible motivation. This leaves us with our own system of EPL.
Is this system (weakly) representational?

One may be tempted not to qualify EPL as (weakly) representational. Its information
states can be thought of as ‘structured propositions’, a kind of entities the existence of which
has been motivated in the semantics literature. (We may also think of EPL’s information states
as states ‘inhabited’ by subjects.) The real question is whether the organization of information
around subjects can be independently motivated. After we have accepted sets of possible worlds
as semantic entities which are acceptable in a non-representational theory of interpretation, we

12. Which is not to say that sets of possible worlds themselves are not representational in some sense. We decide
not to launch the profound and confusing discussion we here feel to be on the lurk.
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now have to look for (independent) motivation for the additional structure which characterizes
EPL-information states.

4 On The Notion of a Subject

In all of the more or less dynamic semantic theories of (singular) anaphora, some notion of
information about discourse referents is developed. These discourse referents are the kinds of
things which can be introduced by indefinite noun phrases in discourse and they are the kinds
of things which anaphoric pronouns can be taken to refer back to. Although such discourse
referents have proved useful in the analysis of inter-sentential anaphoric relationships, their
nature is still a matter of ongoing debate, a debate which already started in Heim 1982. The
issue is whether these discourse referents really are what their name suggests—things which
only live in discourse—or whether they are something more. In our terminology the question is
what sense we can make of these subjects. Are they only a convenient means to store discourse
information, or do they really render the kinds of things actually dealt with by agents who
manipulate information? In this section we hope to contribute to a discussion about these issues,
which we might label a donkey’s worries: can it be analyzed away, and, if it can, should it be
analyzed away? The discussion heavily draws from (Zimmermann 1996).

What is the added value of having information states which are inhabited by subjects? What
exactly does such information offer on and above mere information about the world? A first and
least ambitious answer runs as follows. Subjects present discourse information. The presence of a
subject in an information state represents the information that the state results from interpreting
a discourse in which a certain kind of noun phrase has been used, viz., one which can be referred
back to by means of pronouns. We call this the ‘de dicto’ explanation of the notion of a subject.
(Zimmermann called it the ‘meta discourse’ account.) This explanation of the notion of a subject
we classify as midweakly representational.

Under the de dicto explanation, subjects are taken to function in the processing of discourse
only, they are used to interpret certain anaphorical structures in discourse in a compositional
way and they are not attributed any function besides that. A defense of such an account can
be found in (Stalnaker 1996), where it is argued that the modeled information about discourse
referents can in fact be explained away in terms of the (worldly) information that certain kinds
of noun phrases have been used (in the actual world). A similar conception seems to speak
from (Groenendijk and Stokhof 1996), in which the authors have it that “Once the discourse
has ended, discourse information can be discarded, and the items [read: subjects, PD] can be
deleted” (p. 110). However, at the same page Groenendijk and Stokhof acknowledge that their
‘discourse items’ may also come to life by “the salient presence of an object in the visual field
shared by two or more agents”. Thus, the de dicto account is seen to provide an incomplete
explanation of subjects (or discourse items) in general. Subjects are not only invoked by the
utterance of certain noun phrases.

We believe that subjects have more substance than that of mere devices to facilitate the inter-
pretation of (anaphoric) structures in discourse. The last quote from (Groenendijk and Stokhof
1996) already seems to suggest that our subjects present a focus of interest common to different
information exchanging agents. The key to understanding subjects, we believe, is that they are
addressable, and even re-addressable, from different perspectives.

Zimmermann has proposed a notion of subjects as representing sources of information,
an account of subjects which he has dubbed the ‘de origine’ account. A demonstrably present
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subject can be taken to represent the real individual which constitutes the causal source of the
information the subject is dressed with. Likewise, a subject which results from a hearer’s update
with a piece of text can be taken to represent the speaker’s source of the subject. Thus, both
the subjects grown by discourse, as well as those deriving from real life, are captured under one
heading. A subject is re-addressable as another subject, if the two can be taken to be generated
from one and the same source. Precisely by relying on such an assumption different agents are
justified in referring to a subject, or raising it, and refer back to it afterwards. Thus it also can
be seen to make intuitive sense to exchange information about them.

We think that Zimmermann’s explanation that the information about a subject is assumed
to derive from a determinate source is basically correct, but, also, that one essential aspect still
fails. Subjects represent the sources of the information we have about them for a definite reason,
viz., that we can gain more information about them. Because subjects represent their sources it
makes sense for an agent to find out more about them himself, and to let others tell him more
about them. Subjects thus should be thought of as representing ‘live’ sources of information.
This account we dub the ‘de fonte’ account of subjects. Central to the notion of a subject is
an agent’s assumption that the information he has about a subject derives from a source which
hasn’t run dry.

Our notion of a ‘live’ source of information has to be understood in quite an abstract sense.
An epistemic agent whose information is centered around a subject is taken to assume that his
information on the subject is about a real and definite individual (the source), about which in
principle more information can be gained. The assumption that such a definite source exists can
be substantiated in a variety of ways. The source may be the individual he actually is confronted
with, or one that he actually has been acquainted with. In such a case the source can be seen
to be the causal root of the information the agents has about the subject. The source of a
subject can also be determined by means of an ordinary definite description, as the one and only
individual that satisfies certain properties. If we believe there is one and only center of mass
of the solar system, or precisely one present king of Belgium or exactly one being which is the
first being born after epistemic agents have become extinct, then the center of mass of the solar
system, the present king of Belgium and the first being born after epistemic agents have become
extinct are all legitimate (possible) subjects.

Moreover, on the assumption that speakers introduce subjects to hearers which are legiti-
mate subjects for the speakers themselves, these newly introduced subjects are legitimate to the
hearer, too. For the hearer they may be determined as ‘the entity which speaker such and so
talked to me about then and then’ and its source is (assumed to be) the source of the speaker’s
subject.'? As argued in (Dekker to appear), precisely this assumption makes it sensible to ask
after the identity of a subject introduced by a speaker.

Finally there can be determinate subjects which only live in stories. If a couple of pro-
tagonists have a definite role in a certain story and if the story is re-told, then the subjects in
the reproduction of the story can be argued to have the protagonists of the original as their
sources. Notice, however, that after such a story has been re-told completely, the subjects it has
introduced are ‘dead’. So, although the actual interpretation of a fictitious story may involve the
introduction of legitimate subjects, viz., the subjects which the interpreter is told more about

13. It may need to be emphasized here that things of course can go wrong, e.g., if the hearer is mistaken in
assuming that a speaker talks about a legitimate subject. For one thing, indefinite noun phrases do not always
introduce subjects. The idea must be, roughly, that if an indefinite is read in something like a topical way, then
its semantics can be rendered as that of our dynamic existential quantifier; an indefinite need not always be read
that way. For a detailed study of the phenomena involved here, cf. (Erteschik-Shir to appear).
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in the process of interpretation, at the end they all become useless. Our de fonte account of
subjects thus combines intuitions from both de dicto and the de origine account.'*

Digression Our de fonte account of subjects is closely related to but also significantly different
from Nirit Kadmon’s uniqueness theory of definites (Kadmon 1990). Building forth on the work
of Evans, Kadmon defends the view “that definite NPs are systematically accompanied by
uniqueness implications”, also anaphoric definite descriptions, including anaphoric pronouns.
Something similar holds in our theory. In our theory pronouns may refer back to antecedents
in virtue of the subjects which these antecedents set up, and subjects have been taken to come
with the assumption that they derive from definite (i.e., unique) sources. Hence, in our theory,
pronouns are associated with uniqueness assumptions, too. Furthermore, both Kadmon’s and
our theory agree that all kinds of pragmatic factors may be involved in determining the unique
sources of the subjects involved (or of the referents of the pronouns).

The major difference between Kadmon’s theory and our’s lies in the identification of the
source of the uniqueness condition (a subject introducing noun phrase versus an anaphoric pro-
noun), and more importantly, in its status. In our view it holds as a general (default) assumption
that subjects derive from definite sources, but we don’t think that all subjects must meet this
requirement, and we think a semantic theory can leave it open which uniqueness conditions
are associated with specific subjects. Notably, we think that the fact that an indefinite noun
phrase introduces a subject with an identifiable source does not belong to its truth-conditions.
In contrast, in Kadmon’s theory, like in that of Evans, the uniqueness requirements do show up
in the truth conditions (hence, the term ‘uniqueness implications’).

Consider the following two examples from Heim, also discussed in Kadmon’s paper:

(15) A wine glass broke last night. It had been very expensive.
(16) A wine glass which had been very expensive broke last night.

For the pronoun it in example 15 to relate to the indefinite a wine glass, this indefinite must set
up a subject, and for this subject to be legitimate, the speaker must have had some definite wine
glass in mind. (The wine-glass must at least be a subject to him.) But, in our theory, this is a
pragmatic condition, on the legitimate introduction of discourse referents. In Kadmon’s theory,
on the other hand, the requirement that a unique wine glass broke last night is conceived of
as a semantic requirement. We think this to be problematic. Kadmon concedes that the glass
may not have been the only wine glass which broke last night, without this rendering 15 false,
but she adds: “[hJowever, it does have to be unique in some way” Kadmon 1990, p. 282. The
problem here is that one simply cannot see from the two sentence in example 15 in which way
the wine glass is unique.

We think Kadmon’s theory here faces a severe complication. Let us agree that the pronoun
it in example 15 refers to the wine-glass mentioned in the sentence before, and also that the
example does not by itself supply more information on the subject than what is said, viz., that
a very expensive wine glass broke last night. This is precisely what is modeled in DPL, EPL,
etc. Let us also agree, with Kadmon, that an utterance of example 15 must concern a particular
wine glass, which the speaker must have in mind. We take it that this assumption is not part

14. Two things may have to be added here. In the first place, fictional stories of course yield what people may
call fictive characters. When properly qualified as fictional, these may serve as subjects, too. In the second place,
fictional stories can be (correctly understood to be) about real individuals. In that case it is true, of course, that
the individuals are not literally the sources of the information in the story that such and so happened to them,
but they can be described, correctly, as those individuals about which the story-teller has (misleadingly) stated
that such and so happened.
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of the meaning of 15, and likewise, in DPL, EPL, etc., we simply pass by the question which
specific uniqueness requirement is involved here, and leave that question to pragmatics. Now, in
Kadmon’s theory, this question cannot be, thus, delegated to pragmatics. For, for the pronoun
to receive any interpretation at all, the specific way in which the glass is unique must be made
explicit. But then, for the semantic analysis of example 15 to be completed, it seems we can do
no better that interpreting the pronoun as “the glass which the speaker has in mind when he
utters the noun phrase “a glass”, a typically (midweakly) representational description.

Despite the dissimilarities, our theory does help in explaining a difference Kadmon observes
between the two examples 15 and 16. Since the indefinite noun phrase a wine glass in example
16 does not serve as an antecedent for an anaphoric pronoun, it need not be read as setting up
a subject (although it can of course be read that way). This sentence can therefore be uttered
felicitously, also if the speaker does not have a specific wine glass in mind. Thus we agree with
Kadmon that if a speaker does not have a specific glass in mind, then an utterance of 15 would
be infelicitous, and one of 16 felicitous. End of digression

Now that we have laid out and motivated our notion of subjects, let us return to the main
question of this section, whether this constitutes an independently motivated notion of informa-
tion. Again, there is no clear-cut answer to the question. It seems sensible enough to organize
information around subjects, if subjects represent sources of information which an agent may
gain more information from. Thus, the package of information which constitutes a subject can
be extended with additional information concerning the same source. Notice that such a use of
subjects doesn’t need to involve communication or information exchange.

However, and now we are turning to our second question, viz., whether subjects can be
analyzed away, it seems that the type of update of information mentioned can as well be spelled
out in terms of updates of information states which are sets of possible worlds. On our de
fonte account an agent may extend his information about a subject with additional information
if he is justified in assuming that the subject and the additional information derive from the
same source. However, this presupposes that the agent knows enough of the subject to judge
whether the additional information derives from the same source, which is to say that he has
identifying information. A subject §, thus, is known as the unique individual or source which has
a certain package 7w of properties. For this reason, any addition of information that ¢ also has
some property p can equally well be spelled out as an update on sets of possible worlds, simply
by taking the restriction of such a set to those worlds in which the unique individual which has
all the properties in 7, also has the property p. In short, if the subjects of an agent come with
unique source assumptions, then the agent can refer to each of them using definite descriptions.

The above line of argument seems to lead to the conclusion that the structure of our
inhabited information states is not independently motivated after all, and, hence, that the EPL
system must be characterized as weakly representational. But again we have to qualify this
characterization. In the first place, we belief that one subject, the Self, cannot be eliminated
along the above lines; in the second place, we believe that a general elimination of subjects would
bring in explicit representationalism again.

David Lewis distinguishes information about the world, which he conceives of as information
about the location of epistemic agents in logical space, from self-locating information, infor-
mation about the location of agents in ordinary time and space (Lewis 1979). Building on the
work of John Perry (Perry 1979), Lewis argues that even if somebody has complete information
about the world, he may still fail to know who or where he himself in fact is. For this reason, the
second kind of information cannot be appropriately dealt with in terms of the first, and Lewis
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therefore proposes to render self-locating information, not as functions from possible worlds to
truth values, but as functions from worlds to sets of individuals. The idea is that if an agent’s
information is characterized by such a property 7, and if individual d is in the extension 7(w)
of 7 in a world w, then the agent considers it possible that w is the actual world and that he
himself is the individual d in w (or that his location is that of d in w). Notice that Lewis’ space
of information states is isomorphic to our set of states of information about one subject (viz.,
the Self).

If, as we think, Lewis is right about the indispensability of the Self, then we have rescued
at least one subject. Although the Self of any concrete information state may have a unique
source (its owner), and although it may refer to itself with the relative description “the owner
of this state”, it need not be associated with any absolutely identifying information. In one
possible world two distinct individuals may have all the properties which an information state
ascribes to itself (e.g., the individuals Robin and Robin’ mentioned in section 2). So, reference
to the Self may essentially involve the kind of self-locating information which, as Lewis argues,
is not retrievable from sets of possible worlds.

Now what about subjects other than the Self? Although the subjects of an information
state are partial objects, we have argued they are assumed to be in some or other way uniquely
related to the state’s Self. Demonstrably present subjects stand in for the real individuals which
are assumed to cause our information about them, and subjects constructed from hear-say stand
in for the (assumed) sources of those who have introduced them to us. If our assumptions are
correct, then in both cases the sources are determinable relative to our Selves, and, hence,
the corresponding subjects are eliminable. However, as we argued above, the determination of
subjects constructed from hear-say will generally be of a particular representational kind. The
subjects which are introduced to us by others will often only be known as “the subject which
such and such introduced to me as a ‘so and so’, and such that etc”. In such a case the sources
are only known under a typically (midweakly) representational description.

We therefore want to conclude this section by locating our realm of inhabited information states
at the borderlines of representationalism and non-representationalism. Compared to respectable
entities like sets of possible worlds, they are characterized by additional structure which we judge
useful to agents who collect and exchange information about their world and its inhabitants.
Following Lewis, the subject called the Self has been presented as an irreducible subject. The
other subjects have been argued to be eliminable. However, the eventual elimination of subjects
which derive from discourse in its turn invokes explicit (midweak) representationalism. In this
sense EPL constitutes a system for the interpretation of pronouns in the least (but weakly)
representational way.

5 Conclusion

Starting from the metaphor of information states as (the interpretations of) discourse repre-
sentations, we have proposed to specify the information which is conveyed by a discourse, and
which is also relevant for the proper interpretation of further discourse, as information about
the numbers of individuals the discourse is about. Formally this can be fleshed out in terms of
sets of sequences e consisting of a world w and n individuals, such that in a pre-given model,
the sequences of individuals in the list stand in w in the relation attributed to them by the
discourse. These information states have been argued to model two aspects of information: (i)
information about the world, and (ii) information about subjects. The first aspect corresponds
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to what one may called the standard, model-theoretic notion of information. The second aspect
is relatively new, and it includes what Lewis has called ‘self locating’ information, or what is
also known as information ‘de se’. This self-locating aspect of information has been argued to
be independently required.

Information about subjects has been modeled in various ways in the literature, in terms of
discourse representations (DRT), sets of variable assignments (DPL), and sets of cases (EPL).
The first way of modeling them is classified as strongly, the second as midweakly and the third
as weakly representational. As an explanation of the concept of a subject we have proposed a ‘de
fonte’ account, which has it that the subjects of an information state represent what are assumed
to be ‘live’ sources of information. Subjects are not strongly or midweakly representational
because they need not be related only to the discourses they evolve from, or with the noun phrases
that introduce them. Still, the motivation for having subjects does appear to lie in securing an
efficient update and exchange of information about retrievable subjects under discussion.

A finAl issue which must be addressed here is that of the order of subjects of an EPL information
state. It seems that such an order can only be understood as the order in which these subjects
have been introduced in an information state. However, if it is not for the purpose of constructing
the interpretation of a discourse in a compositional way, this order of introduction can hardly
be seen to constitute an independently useful kind of information. This aspect of information
thus seems to be particularly weakly representational. The (puzzling) issue is that there appears
to be no way of removing this structure without making our states midweakly representational
again.

As we already mentioned above, EPL information states can be thought of as the intensions
of A\-terms, and the order of subjects, thus, can be seen to derive from the order in which the
various free variables are bound by A-operators. We can not do away with this order in ordinary -
calculus, precisely because the various A-operators must be added one by one. Recently, however,
Rachel Lunnon and Peter Ruhrberg have developed calculi for simultaneous abstraction over sets
of variables. Simultaneous abstraction can be used to remove the order from the subjects in our
information states, which seems to be what we want. However, for a proper formulation of the
semantics of these system of simultaneous abstraction, the simultaneous abstracts have to be
applied to indexed argument terms. Thus, if we abolish the order of subjects of EPL information
states by simultaneous abstraction, we are forced to name them again, and we seem bound to
get a midweakly representational system like DPL or EDPL in return.

In this paper we have gone quite a long way to end up with a model of information exchange
in which the real entities we deal with in the actual world are rendered to us as partial objects.
This has enabled us to deal both with the (epistemic) puzzles presented by Frege, as well as with
the linguistic puzzle posed by (singular) pronouns. Still, the reader may be worried about the
implications of our picture for (his information about) the things he is acquainted with, and for
ordinary first order theories, which, after all, are understood to deal with domains of ordinary
individuals. It turns out that the implications are not so dramatic.

If the information of an agent concerns a fixed domain of things which is properly individu-
ated to him (not with other things or with information others may have about the domain), then
the classical and our epistemic picture coincide. In such a case all identity issues are settled, and
it won’t make any difference if the things at issue are conceived of as partial objects (subjects)
or as total ones (individuals). One may observe that agents in actual life situations most of the
times find themselves concerned with such well-individuated, ordinarily behaving domains. And
also in classical first order logic, the total number of subjects of discussion gets introduced as a
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discrete domain of fully individuated individuals. Thus, in these real situations, and in the first
order models, nothing unexpected can happen if what seemed to be individuals, turn out to be
subjects after all.

References

Chierchia, G.: 1995, Dynamics of Meaning, University of Chicago Press, Chicago

Cooper, R.: 1979, The interpretation of pronouns, in F. Heny and H. Schnelle (eds.), Syntax
and Semantics 10, Academic Press, New York

Dekker, P.: 1994, Predicate logic with anaphora (seven inch version), in L. Santelmann and M.
Harvey (eds.), Proceedings of SALT IV, pp 79-95, DMLL Publications, Cornell University

Dekker, P.: 1996a, On context and identity, in H. Kamp and B. Partee (eds.), Proceedings of
the Workshop on Context Dependence, IMS, Stuttgart and UFAL, Prague

Dekker, P.: 1996b, The values of variables in dynamic semantics, Linguistics and Philosophy
19(3), 561-588

Dekker, P.: to appear, On First Order Information Exchange, Technical report, ILLC, Amster-
dam

Fijck, J. v. and Kamp, H.: 1996, Representing discourse in context, in J. v. Benthem and A.
ter Meulen (eds.), Handbook of Logic in Linguistics, Elsevier, Amsterdam

FErteschik-Shir, N.: to appear, The Dynamics of Focus Structure, Cambridge University Press,
Cambridge

Evans, G.: 1977, Pronouns, quantifiers and relative clauses (1), The Canadian Journal of
Philosophy 7, 467-536, reprinted in: Evans, G., 1985, Collected papers, Dordrecht: Foris,
pp. 76-152

Gawron, J. M. and Peters, S.: 1990, Anaphora and Quantification in Situation Semantics, CSLI,
Stanford

Groenendijk, J. and Stokhof, M.: 1990, Dynamic Montague grammar, in L. Kadlmén and L. Pdlos
(eds.), Papers from The Second Symposium on Logic and Language, pp 3-48, Akadémiai
Kiado, Budapest

Groenendijk, J. and Stokhof, M.: 1991, Dynamic predicate logic, Linguistics and Philosophy
14(1), 39-100

Groenendijk, J. and Stokhof, M.: 1996, Changing the context. Dynamic semantics and discourse,
in E. Doron and S. Winter (eds.), Proceedings of the 11-th Annual Conference Tel Aviv
University 1995 and of the Workshop on Discourse The Technion 1996, IATL

Groenendijk, J., Stokhof, M., and Veltman, F.: 1996, Coreference and modality, in S. Lappin
(ed.), The Handbook of Contemporary Semantic Theory, pp 179-213, Blackwell, Oxford

Heim, 1.: 1982, The Semantics of Definite and Indefinite Noun Phrases, Ph.D. thesis, University
of Massachusetts, Amherst, Published in 1989 by Garland, New York.

Heim, I.: 1983, File change semantics and the familiarity theory of definiteness, in R. Bauerle,
C. Schwarze, and A. von Stechow (eds.), Meaning, Use, and Interpretation of Language, de
Gruyter, Berlin

Heim, I.: 1990, E-type pronouns and donkey anaphora, Linguistics and Philosophy 13(2), 137-78

Janssen, T. M.: 1986, Foundations and Application of Montague Grammar. Part 1: Philosophy,
Framework, Computer Science, CWI Tract 19, CWI (Centre for Mathematics and Computer
Science), Amsterdam

Kadmon, N.: 1990, Uniqueness, Linguistics and Philosophy 13, 273-324

20



Kamp, H.: 1981, A theory of truth and semantic representation, in J. Groenendijk, T. Janssen,
and M. Stokhof (eds.), Formal Methods in the Study of Language, Mathematical Centre,
Amsterdam, Reprinted in J. Groenendijk, T. Janssen, and M. Stokhof (eds.), Truth, Inter-
pretation and Information. Foris, Dordrecht, 1984

Kamp, H. and Reyle, U.: 1993, From Discourse to Logic, Kluwer, Dordrecht

Kaplan, D.: 1989, Demonstratives. an essay on the semantics, logic, metaphysics, and episte-
mology of demonstratives and other indexicals, in J. Almog, J. Perry, and H. K. Wettstein
(eds.), Themes from Kaplan, pp 481-563, Oxford University Press, New York

Kripke, S.: 1972, Naming and necessity, in D. Davidson and G. Harman (eds.), Semantics of
Natural Languages, Chapt. 254-355, Reidel, Dordrecht

Landman, F.: 1986, Towards a Theory of Information, Foris, Dordrecht

Lewis, D.: 1979, Attitudes de dicto and de se, The Philosophical Review 88(4), 513-45

Milward, D.: 1996, Integrating situations into a theory of discourse anaphora, in P. Dekker
and M. Stokhof (eds.), Proceedings of the Tenth Amsterdam Colloquium, pp 519-538, ILLC,
University of Amsterdam

Muskens, R.: 1996, Combining Montague semantics and discourse representation, Linguistics
and Philosophy 19(2), 143-186

Peregrin, J. and von Heusinger, K.: 1995, Dynamic semantics with choice functions, in U. Egli
and K. von Heusinger (eds.), Choice Functions in Natural Language Semantics, Universitét
Konstanz, Konstanz

Perry, J.: 1979, The problem of the essential indexical, Nois 13, 3-21

Stalnaker, R.: 1984, Inquiry, MIT Press, Cambridge, Mass.

Stalnaker, R.: 1996, On the representation of context, in T. Galloway and J. Spence (eds.),
Proceedings of SALT VI, Cornell University, [thaca

Tarski, A.: 1956, The concept of truth in formalized languages, in Logic, Semantics, Metamath-
ematics, Clarendon Press, Oxford

Vermeulen, C. F.: 1996, Merging without mystery or: Variables in dynamic semantics, Journal
of Philosophical Logic 24(4), 405-450

Zeevat, H.: 1996, A neoclassical analysis of belief sentences, in P. Dekker and M. Stokhof (eds.),
Proceedings of the Tenth Amsterdam Colloquium, ILLC, Amsterdam

Zimmermann, E.: 1996, Subjects in perspective. Comments on Paul Dekker’s ‘On context
and identity’, in H. Kamp and B. Partee (eds.), Proceedings of the Workshop on Context
Dependence, IMS, Stuttgart and UFAL, Prague

Appendix, the EPL system

The EPL language is that of predicate logic with two additional categories of terms, viz.,
anaphoric pronouns (po,p1,...) and demonstratives (di,ds,...). EPL interpretation is defined
as a (partial) update function on information states. The update of information state o with
formula ¢ is defined relative to a model M and a variable assignment g, the result of which is
an information state indicated as o[¢]ar,g. An EPL model M is a triple M = (W, D, F'), where
W is a set of possible worlds, D a domain function which assigns a domain of individuals D,,
to each world w € W, and F' an interpretation function, which assigns in each possible world
w extensions Fy(c) € Dy, and F,(R) C D," to individual constants ¢ and n-ary relational
constants R.
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Definition 1 (Information States)

S" =P Upew {w} x D) is the set of information states about n subjects

For any s € S™ and e = (w, {(dy,...,d,)) € s, we will also write e as (w,d,...,d,), we let N,
be n, and for i < n we let e; indicate d; and w, indicate w. Generally we assume that the first
subjects of an information state are representatives of individuals which are demonstratively
present, and that the last ones have been introduced by indefinite noun phrases in discourse.
The first kind of subjects is addressed by demonstratives, the last by anaphoric pronouns.

Definition 2 (Interpretation of Formulas)
o[Rt1 ... talag ={eco|{{tilmge - [tnlrrge) € Fu (R)}

olti=ta]my ={eco|ltilmge= [t2lrrge}

o=@ m.g ={eco| -3 e - co[d]my}

o[3x¢]n,g ={e'-(d) | e{eco|de Dy }o]rmgasa}
olo APlag = 0[Pl m,g (V] g

where e - ¢/ indicates the concatenation of e and €’

Terms are interpreted relative to three parameters: a model M, a variable assignment ¢ and a
case e considered possible:

Definition 3 (Interpretation of Terms)

[cla,ge = Fu.(c) for all constants ¢
[z]p,g,e = g(z) for all variables x
[d;]ar,g,e = € for all demonstratives d;
[pjlM,ge = en.—; for all pronouns p;

If an atomic formula is interpreted relative to an information state o, its terms are evaluated
relative to all cases e in . Since, moreover, a demonstrative d; fixes the i-th individual of any
case e in o, it actually refers to o’s i-th subject. The silent assumption here is that ¢’s i-th
subject as a matter of fact is a representative of a demonstratively present individual. A less
silent assumption is, of course, that o has at least i subjects. If these two assumption are not
met, the demonstrative is undefined (or its index infelicitous).

Something similar holds of the interpretation of pronouns. A pronoun p; fixes the n — j-th
individual of any case e in o, where n is the number of subjects in o. The silent assumption now
is that ¢ has more than j subjects, and that the selected one is introduced by preceding text. If
these two assumption are not met, the pronoun is undefined (or its index infelicitous). We simply
notice that demonstratives and pronouns constitute the only sources of possible undefinedness
in EPL. (But we may think of proper names (individual constants) as another possible source
of undefinedness. It is appealing to assume that the use of a proper name ¢ comes with the
presupposition that the name is associated with a determinable subject in the information state
in which interpretation takes place.)

Definition 4 (Support and Acceptability)

o supports ¢ in M wrt g, M,o =4 ¢, iff Ve e o Fe': e- € € o[d]um g
¢ is acceptable in o wrt M and g iff Je € o] 4
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We now present four characteristic features of EPL. EPL employs the usual notions of scope
and binding, and, thus, a familiar substitution law is preserved. If y is free for x in ¢ and y does
not occur free in ¢ then, for all M, g and ¢ such that ¢ is defined for o:

Observation 1 (a-conversion) o[3x¢]ar,y = o[Iyly/z]d]rg

Furthermore, the subsystem of PLA without demonstratives and pronouns is equivalent with
first order predicate logic. Let Mpy,, be the first order model (D,,, F,) corresponding to world
w in an EPL model M, then for any predicate logical formula ¢:

Observation 2 (PL and EPL) Mp;, Eprg ¢ ifft M, {w} FEprg ¢

Thus, EPL is a proper extension of ordinary predicate logic. Two more general properties of the
EPL interpretation function are the following. First, it is distributive. For all M, g and o, if ¢
is defined for o:

Observation 3 (Distributivity) o[¢]arg = Uecole}[@]arg

EPL formulas do not express global properties of an information state o, they are only sensitive
to the individual cases in o. Secondly, interpretation in PLA always produces information update.
For all M, g and o, if ¢ is defined for o:

Observation 4 (Update) Ve e o[p]ug: e =€ -€” for some €, e¢” with €' € &

A case considered possible after an update of an information state is an extension of one which
was considered possible before the update. Thus, interpretation in EPL can be seen to model
growth of information about increasing domains of subjects.

EPL information states model partial information about the world and about which and how
many individuals there are in the world. An information state o such that there are e, €’ € o: w, #
we and Dy, # Dy, is undecided about what the world really is, and about which individuals
actually exist. Consequently, for certain formulas ¢, both of ¢ and —¢ can be acceptable in an
information state o. However, such a situation presupposes that neither ¢ nor —¢ are supported
by o, for, for all M and g:

Observation 5 M,o =, —¢ iff ¢ is not acceptable in o wrt M and g and ¢ is defined for o
EPL information states also model partial information about the identity of subjects (including
demonstrable ones). This appears from the existence of information states ¢ in which it is not
decided whether t =t or t # t/, for t and ¢’ any name, demonstrative or pronoun. For any two
such terms ¢ and t/, there are M, g and o such that:

Observation 6 (Subjects) ¢t =t and t # t' are acceptable in o wrt M and ¢

That pronouns pick up possible witnesses of their antecedents can be seen from the equivalence
of the following three sentences:
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Observation 7 (Pronoun Elimination)
o Jx(Max A Jy(Wy A Czy)) A Ipopi
A man courts a widow. He impresses her.
o Ju(Mu A Jy(Wy A Cuy) A Tupg)
A man courts a widow and impresses her.
o Ju(MuAJFv(Wu A Cuv A ITuv))
A man courts and impresses a widow.

(Although the noun phrase a man is mentioned first in these examples, it is assigned wide scope
over the noun phrase a woman and therefore it is constructed last. For this reason the subsequent
occurrence of pg relates to a man, and p; to a widow.) In general we can eliminate any pronoun
from any discourse along the above lines, as long as it relates back to a term preceding the
pronoun in the discourse (for an algorithm, cf. Dekker 1994).

We argued above that there is a sense in which information states can be said to contain
information about specific individuals. For this, we have to make reference to the assumed
factual link [, between subjects of an agent a’s instantiation o, of an information state o, and
individuals in the domain of the world where it is located.

Definition 5 (De Re Support) o, supports ¢(zy ... xz,) of e = (dy ...d,) wrt M, g and [, iff
there are subjects ji ... j, such that l;(j;) = dj, (for 0 <i <n)and M,o =4 ¢(d;, ...d;,)

A more transparent definition can be given using a notion labeled ‘substantiation’ (cf. Dekker to
appear). Now we can characterize the information state of our agent Dick concerning Hesperus
and Phosphorus in EPL. There are M, g and ¢ and a link /; such that:

Observation 8 (Dick)

o4 supports (xz = Phosphorus) of v and o4 supports (x # Hesperus) of v wrt M, g and l4
o4 supports (z # Phosphorus) of v and o4 supports (z = Hesperus) of v wrt M, g and I
o4 does not support (¢(z) A —¢(x)) of v wrt M, g and Iy

The first line can be conceived to be a dawn report. In the morning the individual v has given
rise to a subject known to Dick as Phosphorus, a subject which he thinks to be unequal to
Hesperus. However, the evening before Dick has identified the same individual v with his subject
Hesperus. In virtue of the evening link Dick’s state supports that v has the property of not being
Phosphorus, but Hesperus, as is reported on the second line. This situation may obtain, without
rendering Dick (or his information) inconsistent (third line).

The notion of de re support can also be used to characterize the information of Quine’s
protagonist Ralph concerning an individual, known to him (i) as a suspect behaving man in
a brown hat observed on the beach, and (ii) as a prototypical pillar of the community named
‘Bernard J. Ortcutt’. The first one Ralph believes to be a spy, the second one, which is con-
structed from hear-say, and watch-television, Ralph definitely believes not to be spy. Thus, there
are M, g and o and a linking relation [, such that:

Observation 9 (Ralph)

o supports spy(x) of Ortcutt and o supports —spy(z) of Ortcutt wrt M, g and I,
o does not support (spy(x) A —spy(x)) of Ortcutt wrt M, g and [,
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