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ON VAGUENESS

Roland R. Hausser

Abstract

It seems to be a foregone conclusion that natural language meanings
are vague. Much depends, however, on the way meaning is analyzed.
For example, should vagueness of meaning be treated in terms of
the truth- or denotation-conditions of expressions? Rather than pro-
posing yet another 'fuzzy' or multi-valued logic, the present paper
investigates the nature of reference and truth. We consider two possible
interpretations of the formal model structures used in formal semantics.
One is called the paradigm I approach, according to which the model
structure is interpreted as a representation of reality (such that -the
speaker/hearer is part of the model structure). The other is called
the paradigm II approach, according to which the model-structure
is interpreted as a representation of conceptual meaning structures
(such that the model structure is part of the speaker/hearer). It is
shown that the theoretical nature of vagueness is totally different
in the two paradigms. In conclusion, a number of standard examples
of vagueness are analyzed within the paradigm II approach, including
the so-called Sorites paradox or paradox of the heap.

0. Introduction

It is often claimed that one difference between natural languages,
like English or German, and formal languages, like predicate calculus
or intensional logic, is that the former are inherently vague and inconsis-
tent. This view is not limited to logicians who regard formal languages
as a means to escape what they perceive as the pitfalls and irregularities
of natural languages, but may also be found among linguists whose
primary concern is the analysis of natural languages. George Lakoff
(1972), for example, claims that "natural language concepts have vague
_ boundaries and fuzzy edges and that, consequently, natural language
sentences will very often be neither true, nor false, nor nonsensical,
but rather true to a certain extent and false to a certain extent,
true in certain respects and false in other respects." (op.cit. p. 183).

What are the consequences of this widely accepted view? If
sentences are not true or false simpliciter, but true or false to a certain
degree, then the traditional two-valued logic systems do not suffice,
but must be extended into many-valued logics. And indeed, when
we look at different proposals to treat vagueness, such as Lakoff
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(1972), Kamp (1975), Blau (1977), Pinkal (1981), Kindt (1982), and others,
we find that the premises inherent in Lakoff's formulation quoted
above are accepted. The concern of these authors is the construction
of different multi-valued systems. These multi-valued logics differ
insofar as they borrow motivation and/or formal proposals from different
other areas, such as probability or measurement theory a la Kolmogorov
(Kamp), mathematical topology (Kindt), supervaluations (Pinkal, Kamp),
fuzzy logic a la Zadeh (G. Lakoff), or three-valued logic in the tradition
of Lukasiewicz (Blau).

But what is the common premise underlying these formal approach-
es to vagueness? And does it adequately capture the intuitive nature
of vagueness? Let us illustrate the common premise underlying the
above mentioned proposals with a few examples: When we observe
the process of slowly closing the door, then, we are told, this raises
the question at what point the sentence The door is open. is still true and
at what point the sentence is false. "One may even feel impelled to
ask to what degree the sentence is true or false at the various stages
of closing the door. And similarly for the sentence  The door is closed.

Another situation in which. logicians and linguists have found
vagueness is the classification of colours. If an object is called red in
some context, but non-red in another context, does it not follow that
the natural language concept of red is vague? Indeed, if we consider
applying the predicate 'x is red' and 'x is orange' to the transition
from red to orange on a colour spectrum, the problem is similar to
the first example.

The same considerations may be applied in the evaluation of
an adjective like big. How much bigger than the average fly must
Xerxes be in order for the sentence Xerxes is a big fly. to be true? Note
however, that the question of degrees of truth and the related gquestion
of vagueness of certain words must be clearly distinguished from certain
other issues frequently brought into the discussion, namely the intension-
ality of certain adjectives. The fact that Xerxes is a big fly. does not
entail Xerxes is a big entity. has nothing whatsoever to do with the
vagueness of big. After all, there are also vague predicates like red
which are completely extensional. Thus Xerxes has red eyes. clearly en-
tails Xerxes' eyes are red entities. And conversely, there are adjectives
like alleged or fake which are intensional but vague.’

The present paper deals solely with the intuitive nature of vague-
ness and the proper formal implementation o vagueness within model-
theoretic semantics. - As such it will be concerned with the nature
of reference. The syntactico-semantic treatment of comparatives
(e.g. 'x is bigger than y') the distinction between intensional and exten-
sional predicates, and other questions of this kind will be left to other
occasions.

Our treatment of vagueness proceeds from different basic assump-
tions than the aforesaid approaches in that for us vagueness is essentially
a pragmatic phenomenon. We will show that the construal of semantic
vagueness in the above examples is an artefact of a misguided ontolo-
gical interpretation of model-theoretic semantics.  For us, neither
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the literal meaning of The door is open. nor of This stone is red. is
vague. Vagueness does not arise in the literal meaning concepts-
of natural language concepts (pace Lakoff), but rather in the pragmatic
process of reference, which we define as the matching relation between
the sharply defined concepts of natural language meanings (so-called
icons) and the contextual objects to which these icons refer. Thus
we propose to treat vagueness in terms of the pragmatic notion of
language use (reference) rather than the semantic notion of truth-
or denotation-conditions.

Our analysis of vagueness differs from the traditional treatments
within formal logic in that it does not add yet another multi-valued
system to those already in existence. This is not because we agree
with certain conservative logicians who want to retain traditional
two-valued systems and/or see no use in the logical analysis of natural
language meaning. On the contrary, we believe firmly in the model-
theoretic analysis of natural language meaning within the general
framework of Montague grammar. Furthermore, we have been using
non-bivalent logic (namely a presuppositional intensional logic based
on partially defined functions and logical connectives defined a- la
Kleene) in order to describe so-called P-induced semantic presupposi-
tions (Hausser 1976).

But whereas semantic presuppositions are a denotation-conditional
property of natural surface expressions, vagueness is not. For this
reason it is mistaken to treat presupposition failure and vagueness
in terms of the same formal system, i.e. a semantics based on multi-
valued logic. The origin of this mistake is the failure of traditional
model-theoretic systems to distinguish between semantics and prag-
matics. Semantics deals with the truth- (or rather denotation-) con-
ditional analysis of the literal meaning of natural language expressions.
Pragmatics, on the other hand, analyses the use of natural language
expressions by a speaker/hearer relative to a context.

In order to give our alternative approach to vagueness a precise
characterization within model theory, we consider in section 1 different
possible interpretations of existing model-theoretic systems. One
possibility is treating the model structure as a representation of
reality, with the consequence that the speaker/hearer(s) are part
of the model structure. This approach is the presently most widely
accepted interpretation of the model structure and will be called
the paradigm 1 approach. The other possibility is treating the model
structure as something conceptual, with the consequence that the
. model structure is part of the speaker/hearer (formalized as a speaker
simulation device or SID). This second ontological interpretation
of the model structure has been advocated in Hausser (1980,
1981a, b, 1982) and will be called the paradigm II approach.

One important advantage of the paradigm II approach is the
clear separation of the semantic and the pragmatic interpretation
of a token. The semantic interpretation consists (roughly speaking,
cif. section 3 for details) in the SID-internal construction of a model
that makes the sentence true (the so-called token model). The prag-
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matic interpretation, on the other hand, consists in matching the token
model with the so-called context model, defined as what the SID per-
ceives and remembers at the moment of interpretation. It is this
particular set up of the paradigm II approach that prov1des the basis
for our alternative treatment of vagueness.

After describing the basic features of the paradigm I and the
paradigm II approach in section 1, we turn in section 2 to a comparison
of the two paradigms, especially with regard to the respective treatment
of truth and vagueness. In section 3 we show that presupposition
failure and vagueness are completely different phenomena in a paradigm
II system.  Section 4 discusses the treatment of several examples
of vagueness in a paradigm Il system and proposes a solution to the.
so-called Sorites paradox.

1. Formal model theory and its ontological interpretation

What is the nature and the function of a formal model in logic? Logic
originated as a theory of deduction. The goal was and is to derive
valid conclusions from given premises. Thereby, two types of sentences
are distinguished. Those which are true (tautologies) or false (contra-
dictions) solely on the basis of their syntactic structure. And those
whose truth-value depends on the 'situation' to which they refer (con-
tingent sentences). For example, the sentence John walks or  John does
not walk. is always true because of its tautological structure, but
the sentence John walks. depends for its truth-value on the situation
under consideration.

Model-theoretic semantics (in the tradition of Wittgenstein (1922),
Carnap ; (1947), Kripke (1963), and Montague (1974)) provides a formal
(set-theoretic) description of the situations relative to which contingent
sentences may be interpreted. We say John walks. is | (true) relative
to a model @ if the denotation of John in @" is an element of the
set denoted by walk in@n:

) John walks

In this sense, model theory provides for a truth-conditional (or deno-
tation-conditional) characterization of the meaning of contingent sen-
tences (as well as their parts). But it is obvious that this set-up does
not provide for a distinction of semantics (literal meaning of expressions)
and pragmatics (use of the expressions by a speaker relative to a con-
text).

(1) illustrates the most basic type or model @N=gef, (A,F), where
A is the set of individuals (or entities), and F is a denotation function
which assigns each constant of the language (e.g- John, walks, unicorn,
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etc.) an element of AU2A whereby the semantic type of the denotation
must correspond to the category of the constant.? :

For the purposes of modal and tense logic, the basic model
@n may be expanded into a model structure @ =4es. (A,1,J,<,F) (e.g.
Montague 1974, PTQ). Here, A and F are defined as in @, I is a second
basic set, regarded as a set of possible words, J is a third basic set,
regarded as a set of moments of time, and < is the linear ordering
on J (so that for any two moments jj, j2, we can say whether j| is ear-
lier than j or not).

Model structures permit not only the definition of modal and
tense operators, but also a formal reconstruction of the Fregean
distinction between sense (Sinn) and denotation (Bedeutung).  This,
in turn, permits the treatment of so-called intensional predicates
(cf. Montague 1974, PTQ) or opaque contexts. As far as the distinction
between semantics (literal meaning of expressions) and pragmatics (use
of expressions by a speaker relative to a context) is concerned, how-
ever, 'intensional' model structures @ fail in the same way as the
'extensional' models @ .

1.1 Reference and ontology

Model theory as described above is very well suited to account formally
for certain aspects of natural language meaning, such as implication
relations among sentenctes (under the assumption of their literal
interpretation). But how should model theory be expanded to handle
vagueness? In order to answer this question we must first clarify:

(3a) what the models @M and the model structure @ are supposed
to stand for, and : )

(3b) how reference, i.e. the relation between an expression and
the object referred to, is supposed to come about.

These two questions are clearly related. Reference is usually defined
as the relation between the language expression and the corresponding
object of the model structure. If the model structure is interpreted
as a representation of (actual or - in modal systems - possible) reality,
then reference constitutes the whole relation between the language
expression and the objects of the (model-theoretically simulated)
real world. If semantics deals with the complete meaning connection
between expressions and the world, then there is no room for a sepa-
. rate pragmatic analysis and reference is part of semantics.
Alternatively, let us consider the possibility of a system where
reference is not the only and whole connection between the language
expressions and the objects of the world. In such a system, the model-
theoretic objects could be interpreted as concepts, standing for the
real things (at least in certain instances) but not identical with the
real things. If we make this assumption, then reference may be defined
as a subsegment of a complex mapping from expressions to objects
of reality. Candidates for such a submapping are (i} the relation
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between the expression and the concept and (ii) the relation between
the concept and real object.

Inasmuch as we are dealing with concepts, it seems natural to
assume that part of the real-token/real-object mapping is constituted
by the information processing inside the speaker/hearer. It will become
apparent that this particular choice of an ontology for the model
structure (i.e. this specification of what the model structure is supposed
to stand for) is of great importance for the way the original deduction
system is to be expanded to handle phenomena arising with natural
language, such as non-literal uses, context-dependency, propositional
attitudes, etc.

Our two assumptions, namely (i) that the model structure represents
something conceptual, and (ii) that the model structure is regarded
as part of the speaker/hearer (formalized as a speaker simulation
device or SID), not only harmoniously complement each other, but
also render a number of natural implications which immediately lead
to a much more specific notion of which submappings the real-token/
real-object mapping is composed of. One consequence is a distinction
between the SID-external reality and its representation inside the
SID, whereby the latter is called the (SID-internal) context-model. The
correspondence of the context-model with the outside reality is described
by the submapping called perception. The context-model is also deter-
mined by a second input component, called the SID-internal memory.

A second consequence of our SID-based ontology is the distinction
between the real token and the SID-internal token representation.
The correspondence between the real token and the token representation
is described by the submapping called verbal processing. Verbal proces-
sing is called articulation if the real token is a replica of the SID-
internal token representation. Verbal processing is called recognition
if the roken representation is a replica of the external token. The
SID-internal token representation differs from the real token in that
(i) it incorporates only the linguistically relevant properties of the
token surface and in that (ii) it includes in addition a logical (model-
theoretical) representation of the literal meaning of the token surface,
which we call the token model. We say that the surface of the token
representation denotes its token-model(s). The token model will be
defined in section 3.1 and is regarded as a set-theoretic iconof the token
surface meaning.’

Verbal processing is obviously the first segment of the real-token/
real-object mapping, while perception is obviously the last segment
of this mapping (assuming an SID-based ontology). Each of these two
segments provides us with an SID-internal conceptual structure, one
called the token-model, the other called the context-model. We com-
plete the real-token/real-object mapping by defining a subsegment
relating the token-model and the context-model. This subsegment
is called pragmatics and defined in terms of matching the token-model
and the context-model. Part of this matching relation is reference.
We distinguish different types of pragmatic matching, such as what
we call literal use (defined as an exact correspondence between the
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token- and the context-model, i.e. there is a proper embedding of
the token-model in the context-model), ironic use (defined as a corre-.
spondence with striking contrast between the token- and the context-
model), metaphoric use (defined as a correspondence of analogy between
the token- and the context-model), etc.4

Note that our SID-based reconstruction of the real-token/real-
object mapping renders two notions of meanin§ (in accordance with
Hausser 1979a, b, 1980, 1981). They are meaning!, defined as the
compositionally encoded literal meaning of the token surface, and
meaningz. defined as the speaker meaning of the utterance. The
need to distinguish between these two types of meaning becomes
obvious when we consider the literal and the ironic use of a sentence
like That's real nice weather today. We say that this expression has the
same literal meaning (icon) in both situations of use, but this icon
is used tp convey different speaker meanings. We relate meaningl and
meaning“ in terms of the following formula:

(%) form
use of | 1} relative to a context = meaning2

meaning

Thereby, the form is the SID-internal representation of the token
surface, meaningl is the correlated token-model, context is the SID -in-
ternal context-model, and use is defined as the matching of the token-
and the context-model (cf. section 3.1 below for details), whereby
properties of the token surface may also play a role in the pragmatic
interpretation (cf. Hausser 1981a: 127 for an example).

1.2 A comparison of paradigm I and paradigm II systems

Let us call a system based on the traditional (realistic) model-theoretic
ontology a paradigm I system and a system assuming our SID-based
ontology a paradigm II system. Paradigm [ systems assume that the
model structure is a representation of reality and that reference
is a direct relation between the real token and the real object. Para-
digm II systems assume that there are two model-structures, one
for representing the literal meaning of the language token in question,
the other for the representation of the SID-internal utterance context.
As a consequence, paradigm II systems construct the real-token/real-
object relation as a complex mapping, consisting of verbal processing,
pragmatics (including reference), and perception. Consider (5a) and
~(5b), where the differences between paradigm I and paradigm II systems
are represented schematically:
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(5a) Paradigm 1 Paradigm 1I
verbal processing
real token real token- Ftoken representation
| denotation
denotation token model
= reference .
: pragmatics
perception ;(reference)
real ohject real object fcontext model
(model theoretic (outside reality)
reality)

According to paradigm I, there is only one notion of truth, reference
and denotation are the same, and there is no distinction between
the objects denoted by language expressions and the objects of reality.
According to paradigm II, on the other hand, there are altogether
five notions of truth (as will be explained in section 2.1 below), refer-
ence is defined as part of the token-/context-model matching, and
denotation is defined as the relation between the token surface re-
presentation and the token meaning, represented in terms of the
token model.

1.3 Some problems of the paradigm I approach

The most pressing question raised by the paradigm 1 systems is: Where
does the speaker/hearer come in? Since the model structure is inter-
preted ‘as a representation of reality, the speaker(s) must be part
of the model structure. But what about cases where the speaker
enters into the model-theoretic interpretation of language, such as
the interpretation of indexicals. The standard proposals to extend
paradigm I systems to a treatment of personal pronouns like I, you, we,
adverbs of time and space like here, now, etc., studiously avoid
any specifics on the 'speaker/hearer question’'.

This is exemplified by the so-called coordinates approach (Monta-
gue, Lewis), where the meaning of such pronouns as I and you is speci-
fied arbitrarily by additional model-theoretic parameters S (for speaker)
and H (for hearer). Thus a sentence like I am hungry. is interpreted
relative ‘to a model-structure @, a point of reference (i,j) (cf. section
2 above), and furthermore relative to a speaker s (s€S) and a hearer
(he H). (In the case of I am hungry., only the value of s is truth-
conditionally relevant, because only the pronoun I occurs in the sen-
tence, not you).

On the one hand, this treatment of indexicals is clearly within
paradigm 1 model-theory. But what is the theoretical nature of refer-
ence in this system? Intuitively, reference is sometimes equated
with what we observe to be true (Carnap), but technically speaking
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the coordinates approach does nothing more than assign referents to
context-dependent expressions. This assignment is by definition and-
thus arbitrary. Consequently, there is no natural way to treat context-
ual interrelations among indexicals within the coordinates approach.
Such interrelations are constituted by the fact that, e.g. I means you
in the ears of the hearer, while in the mind of the speaker I means I;
and conversely, you means I in the ears of the hearer, but you means
you in the mind of the speaker (for a more extensive discussion cf.
Hausser 1980a: 19711.).

Another problem with the absence of the speaker/hearer in para-
digm I model theory is the analysis of so-called non-literal uses, such
as ironic, metaphoric, etc., uses. Since there is only one notion of
meaning (if at all), defined as a direct relation between expressions
and the model-theoretic reality, the only way to treat such non-literal
uses is by postulating syntactico-semantic ambiguities. But analyzing
the ironic use of, e.g., That's really nice weather. logically as The
weather is not so nice. amounts to overextending ad absurdum the no-
tion of a syntactic ambiguity, i.e. an ambiguity caused by the syntactic
structure of the surface expression, as in Flying airplanes can -be
dangerous. (Chomsky 1965) or They don't know how good meat tastes.
(Chomsky 1966).°

A third problem characteristic of paradigm 1 model theory is
the treatment of propositional attitudes. For example, the sentence
John believes that Cicero denounced Catiline. implies John believes
that Tully denounced Catiline. only if the sentence John believes that
Cicero is Tully. is true. This means that in order to treat this inference
adequately the paradigm 1 model structure must describe not only
the objectively given real and possible worlds, but also the subjéctive
belief-worlds of all speakers and hearers it contains. .For an alternative
sc))lution withing the paradigm II see Hausser (1982: 39 ff., and section
7).

Last but not least, consider the problem of treating vagueness
in the paradigm I model theory. One proceeds by assuming the vague-
ness of natural language concepts, treated in terms of different
degrees of truth (or absence of truth), and then constructs systems
which assign to a complex sentence a fuzzy truth-value, computed
from the fuzzy truth-values of the parts (similarly in systems which
use a third or undefined truth-value). This amounts to the same triviali-
zation of reference as the treatment of indexicals (I, you, this, now) in
terms of additional model-theoretic parameters. In either case, the
.emphasis is on the compositional aspect (i.e. on what happens if a
word has a certain indexical interpretation or if a word has a certain
vague extension), but the question of how an indexical or vague word
obtains its particular value is treated as a matter of definition.

2. Simulation of communication in Paradigm I

Let us turn now to the paradigm II model theory (cf. (5b) in section
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