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ABSTRACT

Topics in the Syntax and Semantics of
Infinitives and Gerunds
February 1984
Gennaro Chierchia
Dottore in Filosofia, University of Rome
Ph.D., University of Massachusetts

Directed by: Professor Barbara Hall Partee

This work is intended as an inquiry into the nature
of predication in natural languages. The theory of
properties and predication built into Montague semantics
is based on Russell's theory of types and a possible world
approach to intensionality. It is argued that any theory
so conceived turns out to be inadequate for the analysis
of linguistic facts related to nominalization. An alter-
native theory inspired by work on second order logic by
Cocchiarella is developed. Such a theory tries to make
precise Frege's insight that properties have two modes of
being: as predicable structures properties are intrin-
sically unsaturated (something like propositional func-
tions); such structures are, however, systematically
correlated to individuals (actions, kinds, etc.). Nom-
inalized predicates purport to refer to individual cor-

relates of propositional functions.
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This semantic model of predication (SMP) is built
into a Montague-style categorial grammar and argued to
provide several results. In the first place, it embodies
constraints on possible types of natural language meanings
that rule out a number of a priori conceivable and yet
unattested grammatical processes. It also sheds light on
various distributional paradigms of English predicative
expressions. Ip particular, the distribution of PRO (the
null subject of infinitives postulated within the trans-
formational tradition) is shown to be deducible from SMP.

Our account is crucially based on the hypothesis that
infinitives and gerunds are not clausal or propositional
constructions and tries to provide support for such an
hypothesis, also drawing from analyses of various ana-
phoric phenomena.

1f infinitives and gerunds do not have a proposi-
tional nature, a new account of control is called for.
Control is argued to be an entailment licensed by a
certain class of predicates. A general characterization
of such entailments is offered in the form of a meaning
postulate. It is furthermore argued, following an idea of
Williams, that semantic predication is encoded in the
syntax as some sort of coindexing between subjects and
predicates. This device interacts with the notion of
semantic function-argument structure to provide elements
of a theory of binding not based on phrase structural

configurations.
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CHAPTER 1
THEORIES OF PROPERTIES

AND NATURAL LANGUAGE SEMANTICS

It is quite uncontroversial that a semantic theory
for natural languages should specify what properties are
and what it means to attribute a property to an individual
in an act of predication. A theory of properties and
predication seems in fact to be one of the most central
tasks (if not the most central one) that any general
semantics has to face. Montague's semantics provides a
general theory of properties that relies on two major
subcomponents: a possible world analysis of intension-
ality and the theory of simple types.

According to the first of these subcomponents a
property is analyzed as a function from possible worlds
into extensions (sets or characteristic functions of
sets). A consequence of this view is that two properties
having the same extension at all possible worlds will be
identical. So any two necessarily equivalent properties

(such as being autoidentical and being such that 2 = 1 +

1) will be the same entity. While such a notion of
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property allows us to model in an interesting way certain
types of intensional contexts, it runs into serious
problems, as is well known, in connection with proposi-
tional attitudes and related notions. We will therefore
call a possible world based notion of property (as well as
any other theory that identifies necessary equivalents)
"weakly intensional".

The second subcomponent of Montague semantics, i.e.
the theory of simple types, allows us to generalize the
theory of properties sketched above from basic individuals
(or urelements) to everything we might possibly want to
talk about (including any higher order entities) in a
paradox-free way. According to the theory of types,
properties have to be ranked in a hierarchy based on the
things they can be meaningfully attributed to. So let e
be the type of basic entities (as in standard Montague
Grammar, MG from now on). A l-place property of basic
entities will be of type <e, t>.1 A property of proper-
ties of basic entities will have to be of type <<e, t> t>.
and so on. In general, in a predicative structure of the
form @A(xX), (@ (the predicate) will have to be of a
higher type than & (the argument). A consequence of this
is that cases of self-application of properties (i.e.
predicative structures of the form (% (@)) are ruled out

once for all as meaningless.
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Apart from being a theory of predication, type theory
plays another role within the semantic component of a
grammar. It provides a classificatory device for semantic
universes. Each possible semantic object is classified as
belonging to a certain type. Types are then system-
atically related to syntactic categories. The connection
between categories and types should provide a represen-
tation of how items of different categories differ in
meaning.’

The original synthesis of type theory and possible
world semantics developed by Montague has proven to be
able to take natural language semantics out of the foggy
limbo in which it used to be confined. Formal semantics
seems now to be established as a reasonably explicit level
of linguistic theory in which it has been shown that
significant empirical generalizations can be oétimally
captured. However, Montague semantics left several major
problems open. Consider, for instance, type theory as a
classificatory device for semantic universes. There is a
quite clear sense in which this role type theory is
inadequate.- For one thing, it makes too many distinc-
tions. It individuates classes of entities that no
natural language "uses" as semantic values for items of
any category. No natural language has categories related
to entities of type <t, e>. In some way, though, type

theory also makes too few distinctions. For instance, the
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logical type of verbs like try and of adverbs like slowly
turns out to be the same in Montague's system, and it
seems hard to believe that the distinction betwéen these
two classes of items is purely syntactic. Further elabor-
ations of Montague's system have not managed to do any
better in this regard. So type theory provides classi-
fic&tory criteria that match rather defectively those that
seem to be operating in a grammar for natural language.

In addition to type theory's defects as a classi-
ficatory schema for semantic domains, I believe that
Montague semantics also runs into serious problems because
of its theory of predication. This is the issue that we
are going to take up in some detail in the present chap-
ter. We will point at several major difficulties that
face a weakly intensional, type theoretic notion of
property once we try to base on it a grammar of English
predicative constructions. We will argue that a success-
ful analysis of various linguistic phenomena is only
possible if we go beyond the limits of weak intensionality
and type theory. We will then sketch a theory of proper-
ties, based on work by Nino Cocchiarella, which allows for
a satisfactory treatment of the phenomena that turn out to
be problematic for Montague semantics. Having done this,
we will consider how our novel approach does (in compari-
son with type theory) as a classificatory device for

semantic domains. Finally, we will attempt a first
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approximation comparison between the theory we adopt and

other available alternatives.

l. Nominalization and the Theory of Types.2

In PTQ, Montague proposes that there exists an
extremely tight relation between syntactic categories and
semantic types. In fact, he claims that such a relation
can be characterized as a (type assignment) function.

Such a function is recursively specified. First the types
associated with primitive syntactic categories are given;
then the type of complex categories is specified in terms
of the types of their input categories. According to this
view, then, by knowing that an expression is, say, a Noun
Phrase (NP), we know, by applying the type assignment
function to it, what sorts of semantic objects it de-
notes. Let us call this the "transparency principle".
What we will try to do in what follows is to argue first
that on the basis of this principle it is quite difficult
to deal with cases of nominalization and second that there
is no way to weaken this principle in a fully satisfactory
manner. We will not claim that a type theoretic approach
to nominalization is altogether impcssible, but that a
grammar for a sufficiently rich fragment of English based
on type theory does not yield the best account of nominal-

ization we can construct.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1.1 Infinitives and gerunds.

By nominalization we refer to grammatical processes
whereby expressions that are semantically associated with
properties are transformed into (or better are related to)
noun-like expressions (i.e. expressions that behave more
like names than like predicates). Consider the following
examples:

(1) John forces Bill to be home
(2) John accused Bill of being:a communist

To present our argument we have to fill in a few prelimi-
naries concerning the syntactic constituency of the second
underlined expressions in (1)-(2). Within the tradition
of MG (see e.g. the essays in Partee 1976) the underlined
expressions in (1) and (2) would be analyzed as some sort
of verbal constituent. For the sake of explicitness, we
will assume that their category is IV (for intransitive
verb (phrase)) to which we may add a feature specification
such as INF or GER. There are a number of other syntactic
theories which would analyze the structur2s in question as
some sort of verbal constituent. Examples are recent
developments and extensions of X-theories, such as Gener-
alized Phrase Structure Grammar (GPSG, see e.g. Gazdar and
Pullum 1982) or lexical Functional Grammaf (LFG, see e.g.
Bresnan 1982). A different hypothesis on the syntactic
constituency of infinitives is put forth within Chomsky's

Government and Binding theory (GB, see Chomsky 1982) and
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related frameworks (e.g. Williams 1980). According to
these theories infinitives should be analyzed as being
clausal (i.e. sentential constituents). We will follow
for the moment tﬁe former tradition in assuming that
infinitives are essentially verb phrases (VPs) of some
sort. In chapter III we will discuss in greater detail
these various hypotheses on the syntactic constituency of
the constructions in question.

Let us now turn to a first approximation hypothesis
concerning the semantics of the underlined constructions
in (1) and (2). Clearly the infinitive in (1) and the
gerund in (2) are somehow related to the underlined NPs.
This relation looks a lot like the one that obtains in
simple matrix sentences between a predicate and its
subject. There is clearly a sense in which Bill and to be
home in (1) are related to each other in much the same way

in which they are related in Bill is home. So, it seems

fairly natural to hypothesize that infinitives and gerunds
enter some sort of predication relation with some NP in
the sentences where they occur. But what sort of entities
can be predicated of something? Well, properties. This
would suggest that infinitives and gerunds should be
semantically associated with properties. This was, in
fact, the hypothesis adopted by Montague in PTQ and
followed by a number of subsequent developments of the

theory (such as those in Partee 1976). So according to
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this hypothesis infinitives and gerunds will denote the
same sort of entities as are denoted by their inflected
counterparts in simple subject/argument constructions.
Hence, VPs would always denote properties: when they
occur in matrix sentences and when they occur in the
complement structure of other VPs. Let us call this the
VP = P(roperty) hypothesis. The question to ask, then,.
is: If this hypothesis is right, what consequences follow
from it within Montague's theory of properties and predi-
cation?

Disregarding for the moment intensionality (which is
irrelevant to the point we want to make), the semantic
type of simple properties such as to be home in MG would
be <e, t>, i.e. properties of simple individuals would be
modelled as functions from entities into truth values.
But consider now the following sentences:

(3) a. to be home

b. being home is nice

c. John
On the VP = P hypothesis, to be home and being home in
(3a-b) denote entities of type <e, t> i.e. first order
properties. However, in (3a-b) they are not attributed to
a subject, but rather they are themselves the subject of
predication. Notice that inflected VPs cannot occur as
subjects:

(4) *are home is nice
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So, in this regard infinitives and gerunds seem to have
both a verbal and a nomiﬁal nature: they can be used to
predicate something of a subject and to be themselves
subjects of predicates. One can put forth, therefore, the
hypothesis that infinitive and gerund formation is a
process that transforms predicative expressions intc names
or quasi-names. In this sense such a process might be
regarded, from a semantic point of view, as a case of
nominalization. We will leave this at an intuitive level
for the moment; in chapter III we will try to develop this
hypothesis more precisely. Now, given a type theoretical
approach, the predicate is nice in (3a-b) could not be of
type <e, t>. It would have to be of type <<e, t>, t>.

But in (3c) is nice is attributed to an ordinary indivi-
dual, and so it would have to be of type <e, t>. Hence,

the VP

P hypothesis forces is nice to be associated with
two different functions in (3a-b) and (3c). Furthermore,
if the relation betweenn syntactic categories and semantic
types is a function, then is nice in (3a-b) cannot be of
the same category as in (3c). According to this view it
is a mere accident that the predicate in (3a-c) looks just
the same, since its different occurrences would have to
differ both in meaning and syntactic category. But this
is quite implausible. So the principle of transparency,

the VP

P hypothesis and the theory of types lead us to
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10

counterintuitive results on the nature of certain predi-
cates.

The situation is worse than that, however; Consider,
for instance the following sentence:

(5) being home is extremely nice
(6) John is extremely nice

If the adverb in (5)-(6) is what it looks like, i.e. a
VP-adverb, it will correspond semantically to a function
from properties into properties. The function associated
with the adverb extremely, then, would have to'ﬁe of
different types in (5) and (6) since it modifies proper-
ties that look alike but, as we have just seen, are very
different. 1In (5), the adverb would be a function of type
<<<e, t>, t>, <<e, t>, t>>, and in (6) of type <<e, t>,
<e, t>>. And again granted a functional dependency of
categories-types, the two adverbs in question would have
to be of different syntactic categories. The same argu-
ment could be iterated for adverbial prepositional phrases
(PPs), for adverb-forming prepositions (Ps), and for quite
a number of other categories. So the principle of trans-
parency, the VP = P hypothesis and type theory not only
force us to an otherwise unmotivated duplication of
meanings and syntactic categories for a certain class of
predicates; this duplication, in fact, spreads throughout
the entire categorial system of the grammar. Most verbs,

common nouns, prepositions, etc. have to be split both in
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11

their syntactic and semantic representation into at least
an individual (e-type) level and a predicate (<e, t>-type)
level.

There are further problems related to the ones just
considered. Take is nice in (3a-b). Presumably, it will
have a gerundive counterpart, i.e. being nice, for there
is no reason to suppose that gerund formation can apply
only to e-level predicates. But gerunds can be themselves
subjects of other predicates, as in e.g.:

(7) being nice is a quality

So the whole affair starts over again; is a quality in (7)

would have to be a VP of level <<<e, t>, t>», t>; and by
the reasoning developed above, we can show that this
further increase in type-level spreads throughout the
categorial system of the grammar. And the argument can be
applied over and over again: we can form gerunds like

being a quality, which can then be the subject of other

predicates, etc. There is no clear upper bound to this
process. So, we not only have a duplication in the
syntactic and semantic representation of most items. We
have in fact a multiplication of them potentially ad
infinitum. And each instance of a given item at a given
type thecoretic level looks just like every other instance
of that item (just like the is ni?e's in (3)). Further-
more, nothing prevents a property from applying to its own

gerundive counterpart, as in:
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(8) being nice is nice
It is certainly possible to imagine situations where (8)
would even be true. But doesn't type theory ban self-pre-
dictation as meaningless? It does. So, some further
explaining is in order if we are to maintain the VP = P
hypothesis and a type theoretic notion of property. Now,
the arguments given above show that there is probably a
potential infinity of is nice's: one of level <e, t> one
of level <<e, t», t>, etc. So, it may be that when we
utter (8) we really mean something like:

(9) being nice, is nicep4)., for all n

where n is the number of t's in the type of being nice-
functions. (9) has to be taken as something like a schema
for an infinite number of type theoretically acceptable
predications. Notice, though, that it appears prima facie
not so easy to connect systematically all the Eiiﬂﬂ
nice-functions with a plausible system of syntactic
categories. But let us grant that a solution to this
problem can be found. One should ask, then, the following
question: is (9) a plausible representation of the
meaning of (8)? First we should check whether there is
any empirical evidence suggesting that this is the case.
Certainly, there does not seem to be any syntactic evi-
dence. There isn't any overt and systematic correlate of

a ranking of predicates according to a type theoretic
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hierarchy in the syntax of ary natural language I know
of. And isn't it funny that such a central semantic
distinction would go unmarked in language after language?
Semantic evidence doesn't abound either. For instance, as
pointed out in Parsons (1979), many people would consider the
following a valid inference:
(10) Every entity has the property of being

autoidentical
every entity has a property

This argument is inexpressable in a logic based on type
theory. In such a theory there is no way to speak about
everything. We can only speak about everything of a given
type. The closest we can get to formulating the conclu-
sion of (10) is by doing something like (9) (i.e. every-
thing thingn has a property n+1). But (9) would not

be a wff in a typed logic such as Montague's IL; at best
it could be a schema in an infinite set of wffs.

What about semantic intuitions? Could we claim that
the semantic representation of (8) provided by (9) matches
out intuitions? If I have at all intuitions about what
sentences like (8) mean, they go in the direction of
something like self-instanciation of properties. As far
as (9) is concerned, I have troubled in understanding what
it should mean even being acquainted with the theory of
types.

It appears, then, that representing (8) as (9) might

just be a regimentation of natural languages forced upon
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us by the principle of transparency, the VP = P hypothesis
and the theory of types. Such a regimentation, if we are
right, lacks any independent support. It should be noted
that on the VP = P hypothesis, sentences like (8) are
problematic not only for the theory of types. Suppose we
wanted to provide the semantics of English by translating
it not into a typed language, such as Montague's IL, but
into an untyped one as, say, Zermelo-Fraenkel set theory.
Suppose, furthermore, since we are ignoring intensions,
that we represent properties in terms of the set of things
that bear them (in a specified situation). Then (8) would
turn out to mean something like "the set of nice things
belongs to itself". But no set can belong to itself in
ZF. So there is no simple account of something like (8)
even outside of the theory of types. And it should be
evident that turning to a weakly intensional represen-
tation of properties in terms of possible worlds would not
help at all.

To sum up; an analysis of infinitives and gerunds

based on the transparency principle, the VP

P hypothesis
and the theory of types runs into a host of pretty serious
difficulties. Now, it would seem that the problem is
independent from Montague's transparency principle. For
assume we give it up. Still the meaning (if no longer the
syntactic category) of most expressions of a natural

language would have to be multiplied ad infinitum. The
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central mechanism of type-theoretic predication fcrces
properties that apply to urelements and properties that
apply to higher order entities to be distinct. Given the
recursive character of gerund formation and the inter-
connection among meanings of expressions, this effect
cannot be confined to a limited set of cases but invests
the entire semantic system. Virtually all the meanings of
natural language expressions end up being split and
scattered throughout an infinite hierarchy of types. And
there is no empirical evidence that this should be the
case. Most relevant semantic distinctions have reflexes
in the syntax of some natural language or other; the
ranking of predicates characteristic of type theory
doesn't. Furthermore, even if we weaken Montague's
transparency principle, the multiplication of meanings
induced by the theory of types is bound to have reflexes
in the syntax, if syntax and semantics are related to each
other. 1In fact, in the case of Montague's proposal of a
functional dependency between categories and types, this
influence appears to be devastating. But on any way of
casting the category-type relation, we will have to encode
in the syntax a mechanism to keep track of the semantic
typing of meanings. We will consider later an instance of
such an attempt due to T. Parsons. However, it seems
legitimate to suspect that any such mechanism would build

into the syntax a device that lacks any independent

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ie

syntactic support. Hence, everything else being equal, a
theory that'can handle gerunds and infinitives without
forcing us to do so would appear to be preferable. We can
conclude, then, that the principle of transparency is not
responsible for the kind of pioblems we are considering.

It may be, however, that the VP = P hypothesis is the
culprit, rather than type theory. For instance, if
infinitives and gerunds are associated semantically with
propositions the problem, in this devastating form, would
not arise. Now, there are various reasons why this
proposal has been put forth. In the rest of this work we
will consider several (hopefully, most) such reasons and
try to argue that they are inconclusive. In fact, we will
try to argue that the best possible account of the proper-
ties of infinitives and gerunds must be given in terms of
the VP = P hypothesis. But then the thing responsible for
the problems considered here is just type theory.

But even if the VP = P hypothesis should turn out to
be wrong, still I believe the problems pointed out above
in connection with nominalization would arise. There are
in fact other phenomena that can (and, I think should) be
analyzed as processes whereby predicates are somehow
turned into (or looked at as) individuals. We will now

consider some such cases.
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1.2 Other nominalization phenomena.

Plural NPs often give rise to group readings, as in:

(11) Tom and Harry lifted the piano
How are groups to be analyzed? A natural thing to do
would be to regard them as sets. In fact, this proposal
has been made, among others, by Cresswell (1973) and
Bennett (1976), which still constitute the most complete
treatment of plurality within MG. 3 Now, sets correspond
to properties in extension, whose type in Montague's IL is
<e, t>. But if a group is analyzed as an entity of type
<e, t>, a property of a group on a type-theoretical

approach must be of type <<e, t>, t>. So, lift the piano

will have to belong to two different types when it applies
to ordinary individuals and when it applies to groups. We
face, therefore, the very same problems as in section
l.1. It should also be noted that in the same way as we
speak about groups, we can speak about groups of groups,
groups of groups of groups, etc. It might also be that
there are groups that belong to themselves. So, again,
there is no evident upper limit to this process.

A related problem arises also in connection with bare
plurals, i.e. constructions like the following:

(12) extinct

mammals
whales are numerous

in short supply
loved by John
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Carlson (1977) has argued that bare plurals are syntacti-
cally NPs derived from plural common nouns and behave
pretty much like proper names (with respect to anaphora
and scope phenomena). To account for this, he proposes to
analyze bare plurals as names of kinds. So the formation
of bare plurals out of plural common nouns (see Bennett
1976 for an analysis of the latter) would amount to
turning a predicate into sométhing like a proper name of a
kind. Now, in the philosophical literature it has been
proposed, most prominently in Cocciarella (1976), to

regards kinds as (nominalized) properties.4

If this
proposal is correct, then we would have the following
situation. Consider:

(13) Moby Dick and Moby Dick Jr. are whales
In (13) whales is used as a predicative expression in
order to attribute to the Moby Dick's the property of
belonging to a certain kind. 1In (12) whales is used as a
proper name of the kind and is the subject of a predica-
tion act. Now, if we stick to a type theoretic notion of
property, the CN whales in (13) will have to denote
something of type <e, t>; if such a CN is then turned into
an NP with singular reference, the properties which are
predicated of it (as in (12)) will have to be of a higher
type. This will get us into the by now familiar kind of

trouble.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



19

Constructions that behave much like bare plurals are
those involving mass nouns; consider:

(14) a. This ring is gold
b. Gold is an element

(14a) attributes to a ring the property of being made of a
certain substance. So in (14a) the CN gold is used as a
property-denoting item; in (14b) on the other hand gold
seems to be used as a referring NP (maybe the name of a
substance) of which we say that it is an element. We run
again into the same pattern: a predicative expression can
also act somewhat like a name. If gold in (1l4a) is a
genuine predicate, its type will be <e, t>. But what is
the entity that the NP gold purports to refer to in

(14b)? Ter Meulen (1980) proposes to analyze mass NPs as
names of the property associated with the corresponding CN
(i.e. as nominalized properties). On a type theoretic
approach, this will entail that predicates that apply to
mass NPs will have to be of a higher type than predicates
that apply to ordinary individuals. But this again leaves
open the puzzle of how to deal with predicates that apply
indifferently to ordinary individuals and to substances,
as e.g.:

(15) I 1love gold
touched John

By the usual argument, the verb love would have to be of a

different type when it applies to John or to gold. And
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this would have the usual effects on the overall organi-
zation of the grammar.

Similar problems might be argued to arise in connec-
tion with nominalization of propositions. Consider pairs
like the following:

(16) a. John is a little strange

b. That John is here is a little strange
c. New York is a little strange

On the assumption that ordinary individuals like John and

propositions are of a different type, then to be a little

strange must have different meanings in (16a) and (16b).
Note, however, that if cities are basic entities (like

humans and unlike propositions) then to be a little

strange would be the same function in (16a) and (16c).
What motivates drawing the line exactly where type theory
does?

Other cases that look like cases of transformation of
predicative expressions into names involve adjectives.
Consider the following examples:

(17) a. This dress is red
b. Red is my favourite colour

(18) a. John is good
b. Goodness is disappearing from this world

In (17a) the adjective red is used as a predicate; in
(17b) as a name of an entity (a colour). In (18a) the
property of being good is attributed to John; in (18b) the
adjective good is turned into an NP, presumably denoting

something like a quality. It is not implausible that
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these processes might be analyzed in a similar way to the
one sketched above in connection with mass and plural
nominals. If this hypothesis is correct, their analysis
would turn out to be problematic for a type theoretical
approach in just the same way the cases considered above
do.

Even in this very sketchy form, what we have said
should be sufficient to show that problems analogous to
those pointed out in connection with infinitives and
gerunds arise (or are likely to arise) also in connection
with other grammatical phenomena, given some reasonable
assumptions. This gives us further grounds for believing
that the difficulties in question are not an artifact of
the VP = P hypothesis. Rather they seem to arise as a
consequence of the idea that properties should not be
treated on a par with their arguments, which is the

central tenet of a type theoretic approach to predication.

1.3 Conclusions.

There are a number of grammatical phenomena whereby
predicative expressions of English (VPs, CNs, ADJs, etc.)
are turned into noun-like items, i.e. items that purport
to have singular references like proper nouns do. In a
type theoretic semantics properties have to be ranked on
the basis of the "level" of their arguments (i.e. accord-

ing to whether they apply to urelements, properties of
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urelements, properties of properties of urelements,

etc.). So, properties of basic elements and properties of
(nominalized) properties will have to be different enti-
ties. This seems counterintuitive. Furthermore it has
undesirable effects on the ovérall organization of a
grammar (both in the semantics and in the syntax), which
are totally unsupported from an empirical point of view.
We are led to conclude that type theory provides an
unsatisfactory basis for a linguistically adequate notion
of property and predication. 1If we can provide a notion
of property that allows us to do anything we can do in
standard MG and can also deal with nominalizations without
running into difficulties such as those we have consi-
dered, it would seem to provide a better basis for natural

language semantics.

2. On Weak Intensionality.

One of the most serious problems for Montague seman-
tics concerns the treatment of propositional attitudes and
related phenomena. If believing is a relation between
individuals and propositions and if logically equivalent
propositions are identical (as they are bound to be on a
possible world approach), then we are committed to the
validity of many arguments that do not seem to be valid.
So, such a semantics fails in providing an adequate

account of the notion of logical consequence, once propo-
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sitional attitudes are brought into consideration. Since
it is possible to regard propositions as o-place proper-
ties, the problem of propositional attitudes can be viewed
as a consequence of the identification of logically
equivalent properties, i.e. the adoption of weak inten-
sionality in general. There seems to be, in fact, growing
consensus on the idea that one of the sources of trouble
(maybe the source of trouble) is the attempt to handle
propositional attitudes by employing an insufficiently
intensional notion of property (e.g. see Bealer 1982,
Barwise and Perry 1981, Thomason 1980).

Now, suppose we had a theory equivalent in empirical
coverage to Montague semantics, but not committed, unlike
the latter, to weak intensionality. Such a theory would
be a priori more appealing, since even though it might not
solve automatically the propositional attitudes problem,
it would certainly provide a framework within which such a
problem might be tackled with greater hope of success.

The theory we are going to propose in the next section is
not committed to weak intensionality, though, as we will

see, it is consistent with it. So, within such a theory,
you don't have to identify properties with functions from
possible worlds into sets, but you can if you want to.

Within the limits of the present work it is impos-~
sible to go in any depth into the propositional attitudes

problem. What I would like to do, instead, is to point
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out some more specific problems for linguistic theory that
arise if one adopts a weakly intensional notion of pro-
perty. We would like to individuate areas in the grammar
where choosing between a weakly and a strongly intensional
theory of properties has clearly noticeable and inter-
esting empirical consequences. The structure of the
arguments we will consider is the following. Suppose we
have two competing linguistic analyses of the same range
of facts. It can turn out to be the case that while
strong intensionality is compatible with both, weak
intensionality is compatible only with one. Through the
lens of a weakly intensional semantics, we just cannot see
one of the two analyses. If the analysis compatible with
weak intensionality is the "best one" on purely internal
linguistic grounds (i.e. according to the evaluation
metric set up by universal grammar), this would strongly
support weak intensionality. If the contrary is the case,
we would have instead disconfirming evidence for such a
thesis. The cases we will consider all turn out to be
problematic in this sense for weak intensionality, at

least according to some current proposals.

2.1. Conjunction.

In a number of recent works (Gazdar 1980, Keenan and
Faltz 1978, Cooper 1983, Rooth and Partee 1983) it has

~been argued that virtually all uniform syntactic consti-
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tuents can be directly conjoined. So, in particular,
gerunds can. On the VP = P hypothesis, all the analyses
of generalized conjunction mentioned above would assign to

conjoined gerunds such as, say walking and talking, (at

least on one reading) the property of being an x such that
x walks and x talks. Let us denote such a property by
walking'n talking'. Take now a verb phrase denoting a
property that everything has necessarily, such as, say,
the property of being self identical. On a weakly inten-
sional notion of property the result of conjoining any
property P with the universal property would have to be P
itself. So, for instance, the result of conjoining the
property of, say, jogging with the property of being
selfidentical is the same as the property of jogging; i.e.
jogging'M being selfidentical' = jogging'. But on the
analysis of conjunction sketched above, this predicts that
there is a reading of (19) which is synonymous with (20):

(19) John likes jogging . .
(20) John likes jogging and being selfidentical

The reading of (19) which is equivalent to (20) would be
the one which is not gotten by (an analogon of) a "con-
junction reduction" rule (see Rooth and Partee 1983, for
discussion). Such a reading would be represented as:
(21) like' (jogging'r being self identical')(John’)
However there does not seem to be any sense in which (20)

can be taken to be even equivalent to (21). Examples of
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this kind (possibly also more convincing ones than the one
I presented) can be generated ad libitum. So something
has gone wrong either with the VP =P hypothesis, or with
the analysis of conjunction, or else with weak intension-
ality. To the extent that the former two appear to be
sufficiently motivated from a linguistic point of view,
the source of the problem would appear to be located in

the third hypothesis.

2.2 Passive.

In the tradition of generative grammar, discussions
concerning the analysis of passive have played a crucial
role in the development of various frameworks. Within MG,
the analysis of passive irx general most adopted is in two
stages; one passive rule takes care of agentless passive
and one of passive with agent. Briefly, here is how the
analysis goes. The agentless passive rule can be viewed
as a process that maps transitive verb phrases into
intransitive ones (by applying to them passive morpho-
logy); the semantic side of the rule would amount to an
existential quantification over subject position. A
purely illustrative version of the agentless passive rule,
together with an example is given in what follows:

(22) Agentless passive (AP): if X€ETVP, then PAS

(K) € Iiv[+PAS], where PAS () = beXed
PAS (X )' = Ax 3y o' (x)(y).

(23) kick —» be kicked
be kicked' = Ax 3Jylkick'(x)(y)]
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For passive with agent there is a rule that syntactically
combines transitive verbs with by-phrases, yielding a
passive VP; semantically such a rule inserts the NP
meaning of the argument of by in the 'subject' slot. This
is illustrated in what follows:
(24) Passive with agent (PWA): if X €TVP and @€ NP,

then PAS ( o« ) by (®d e IV[+PAS]

If X€TVP and PENP, then PAS( % ) by f

translates as Ax[ o '(x)( ')1.

(25) kick, John =>Xkicked by John
kicked by John'= Ax kick'(x)(John')

A detailed discussion and motivation for this analysis can
be found in Bach (1980a). Against it there are a number
of arguments that might be raised. For instance, on the
basis of (22) and (24) a grammar of English would not look
more complicated if the passive morphology brought about
by AP and PWA looked totally different. The evident
identity between the two would appear to be accidental.
Furthermore, by-phrases can attach also to NPs (as in a

book by John, etc.), to which they seem to add an agentive

argument, just like they do with passive VPs. It is not
clear how this evident relatedness between the two con-
structions might be captured on an analysis based on (22)
and (24). These simple minded linguistic objections to a
two-rules analysis of passive, however, are not conclusive
and can be countered in various ways (see the discussion
in Bach (1980)). Nevertheless several authors have

pointed out undesirable empirical conseguences of a
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two-rule analysis (Bresnan (1982), Halvorsen (1982), Abe
(forthcominé)) and argued in favoﬁr of a one rule analy-
sis. Now, within the framework we are considering a one
rule analysis could be developed along the following
lines. It seems plausible to-assume that by-PPs are just
predicate modifiers (which on independent grounds we know
can attach to both CNs and VPs) that in some sense add an
agent to both VPs and NPs. The relation between passive
VPs and their active counterpart might be captured by
resorting simply to a meaning postulate like the following:
(26) by'(x)(P)(y)«> 3IR[P ="Ax 3y[ YR(x)(y)] &
"R(y)(x)]
where P and R are variables of type <s, <e, t>»>
and <s, <e, <e, t>»>> respectively
It should be noted that the meaning postulate in (26) is
limited to VPs. However, the present apprcach could be
generalized, in principle, to an analysis of the by-PP
modifiers of CNs, roughly as follows:
(27) by*(x)(CN')(y) e+ [CN'(y) & by'(x) (brought
about ' )(y)]
where by' is as in (26)
So agentive modification of CNs could be defined in terms
of agentive modification of VPs, which is a plausible
first approximation towards capturing the relatedness
between the two.
An analysis along the preceding lines was in fact

considered in the early times of MG (see e.g. the remarks

on this in Dowty 1978). It had, though, to be abandoned,
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for the following reasons (pointed out originally by R.
Thomason). There are in natural languages items related
as follows:

(28) a. Olbuy'(x)(y)(2) e sell'(z)(y)(x)]
b. Oflend'(x)(y)(z) s borrow'(z)(y)(x)]

I am assuming that the PPs subcategorized for by these
verbs are in fact internal arguments; i.e. we analyze the
verbs in question as 3-place predicates (ditransitives).
To assume that a PP is an internal argument of a verb
amounts to claiming that such a PP has an N?‘meaning and
its preposition acts somewhat as an overt case marker.
The present assumption is made only for sake of simpli-
city, and the following argument would go through even if
from- and to- PPs in (28) were predicate modifiers. The

oblique argument of buy and sell can be deleted by a very

general process ('argument drop') which in the case at
hand would map ditransitive verbs into transitive ones and
existentially quantify over the position of the argument
that is deleted.5 The result of applying argument drop

to buy and sell will give:

(29) buy'mpy = AxAy3dz [buy'pry(z)(x)(y)]
sell'qy = Ax3yldz [sell'ppy(z)(x)(y)]

One can then apply passive (i.e. AP) to buy.. and

TV
sellTv, thereby obtaining:

(30) a. be bought' = Ax3Jy3z [buy'ppy(z) (x)(y)]
b. Dbe sold' = Ax3dylz [sell'qppy(z)(x)(y)]
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An agentive by-phrase (say, by John) could then apply to
(30a) and (30pb). However, in virtue of (28), be sold' and
be bought' turn out to have the same intension; hence by
weak intensionality, they have to be the very same entity
(the very same function from worlds into sets). This
gives us the following results:

(31) a. “be sold' = “be bought'

b. by' (John') (“be bought') = by' (John')

(*be sold')

So the property of being bought by John and being sold by
John should be the very same property. But this is
absurd. Something has gone wrong either with the one-rule
analysis of passive, or with weak intensionality. If we
want to stick to weak intensionality, we are forced to
adopt a two rule-analysis of passive. This seems to
provide us with a rather clear case where a semantic
theory constrains syntactic analysis, and heavily so.
Does it constrain syntax in the right direction?

By contrast, if we adopt a strongly intensional
property-theory, it is easy to see that we could maintain
a one rule-analysis of passive, for according to such a
theory two properties may be distinct even if they have
the same extension at all worlds. So be bought' and be
sold' could be equintensional but distinct properties, and
thus by-PPs can yield different outputs when applied to
them. To the extent to which a one-rule approach would

appear to be better motivated on purely internal linguis-
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tic grounds, the thesis of weak intensionality would turn

out to be disconfirmed.

2.2 Predicate modifiers.

It might be argued that the case made for passive can
be extended to the analysis of predicate modifiers in
general. Predicate modifiers in standard MG are grouped
into two main categories, that of verb modifiers (IV/IV),
which contains mainly adverbs and adverbial PPs, and that
of common nouns modifiers (CN/CN), which contains adjec-
tives and PPs. Semantically, predicate modifiers are
analyzed unifbrmely as functions that map properties into
new properties. It follows, then, that an adverbial
applied to two different VPs that denote the same property
should yield the same output. But take again pairs like

be bought and be sold or be lent and be borrowed, and

consider the following examples:

(32) a. This book was bought in a hurry

b. This book was sold in a hurry
(33) a. This book was borrowed with interest
b. This book was lent with interest

If the PPs in (32)-(33) are IV/IVs, these examples are
problematic for weak intensionality, for the a-variant of
each pair would have to be synonymous with the b-variant,
while they don't even have the same truth conditions.
However, the little that is known about the semantics

of adverbs is not sufficient to grant the preceding
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conclusions. Even though the issues involved are extreme-
ly complicated, it is worth considering them in some more
detail, for I believe that the area of adverbial modifi-
cation might be a serious source of problems for weak
intensionality. What we can do within the limits of the
present work is to sketch a couple of current approaches
to the semantics of adverbs and to point out how they
would inherit the be sold-be bought problem.

One possibility put forth by Keenan (1980), among
others, would be to analyze the adverbs in (32)-(33) as
TVP-modifiers; passive would have then to apply to the
already modified TVP (e.g. buy in a hurry). This move
could be motivated on the basis of the fact that we need
to find a systematic way of relating adverbs with the
arguments of the verbs they modify. Consider the follow-
ing valid entailments:

(34) John kicked Bill at the party =>Bill was at the

killed party
washed ;$thn was at the
party
(35) John saw Bill from the roof —>John was on
signalled the roof
attacked Y%>Bill was on
. the roof

So, locative and source adverbials seem to differ in their
entailment properties; locatives seem to apply to objects
and source-adverbials to subjects. On the basis of these
data, Keenan seems to suggest that adverbials that "apply

to" objects should, in general, be regarded at TVP-modi-
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fiers and adverbials that "apply to" subjects should be

regarded as IV—modifiers.6

But then by this criterion
the adverbials in (32) and (33) should be regarded as
IVv-modifiers (cf. John bought this book in a hurry) and
the be sold-be bought problem would arise again.

Halvorsen (1982) has made in this regard an interest-
ing proposal. His idea is that adverbs might be regarded
uniformly in the semantics as being property-modifiers.
The difference between subject oriented and object orient-
ed adverbs could then be accounted for by assuming that
adverbs are somehow sensitive to thematic relations (cf.
for a related proposal, Jackendoff (1972), among others).

For instance, one might try to say, in first approxi-

mation, that locative adverbials (such as at the party)

require themes to be at the relevant location, while
source-adverbials would require sources to be at the
relevant location. This would account for the data in
(34)-(35). 1In general, then, the format of entailments
licensed by adverbials would look like the following:
(36) yLOB)(x1)ee(Xi)..d(en) = ' (%)
where ¥' is the 'predicative' meaning
associated with ¥y
@is a VP-meaning
and dranges over thematic relations.
What (36) states is that an adverbial Y "applies" to
the argument of (® which bears to it the relation ©. Of

course, this analysis relies crucially on ©-relations,
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notions regarded as murky by many. We will discuss at
some length the status of ©-relations within model theo-
retic semantics inAchapter IV. At any rate, it is quite
evident that if Halvorsen's proposal can be worked out,
then the uniform analysis of adverbials as VP-modifiers
would give rise to some version of the be bought-be
sold-problem on a weakly intensional theory of properties.
One of the most interesting recent discussions of the
logic of adverbial modification can be found in
McConnell-Ginet (1982). She argues that a bipartition of
adverbs between IVP and TVP modifiers (aside from
S-adverbs) is insufficient and argues for a different way
of classifying predicate modifiers. According to her, the
latter group divides up into what she proposes to call
Ad-verbs and IV/IVs. Ad-verbs are basic entities which
should not be regarded as functions on predicates but
rather as internal arguments of predicates. To accomodate
this view, she formulates the notion of ‘admissable
augmentation' of an n-place predicate. An admissable
augmentation of an n-place predicate R is an n + 1 pre-
dicate RT = RUS, where S CR X Y and Y is the type of
the Ad-verb (i.e. a manner, a rate, a place, etc.). For
example, a given Ad-verb such as quickly can modify a
verb, say run, only if there is an admissible augmentation

of run which has a rate as one of its arguments. IV/IV-
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modifiers are then derived from Ad-verbs through the
following schema:

(37) 1£ § is an Ad-verb, §' is an IV/IV, and for
any P in IV, §'(@) = act § tofd

On the basis of this hypothesis, McConnell-Ginet is able
to provide a plausible explanation for a quite intricate
set of facts in the behavior of adverbs, including, e.g,
the ambiguity in:

(38) a. Lisa rudely departed
b. Lisa departed rudely

(38a) can mean that given the circumstances it was rude
that Lisa departed (independently of the manner of Lisa's
departure); in (38b), however, the 'locus' of the rudeness
must be in the way Lisa's departure took place. Rudely,
it should be noted, according to standard tests could not
be regarded as an S-adverb (see on this Thomason and
Stalnaker 1973); given that depart is intransitive one
cannot blame the ambiguity in (38) on a IVP- TVP-modifiers
distinction either. McConnell-Ginet argues that in (38b),
rudely is an Ad-verb in her sense, while in (38a) it is an
IV/iV-modifier. She also applies her theory to passive
sensitive adverbs, such as:

(39) Fido was sold reluctantly (by John)
In this example, the pleasure in the selling might belong
either to the patient or to the agent. She accounts for
this by claiming that the agent sensitive reading within

her system must be the one gotten through the Ad-verb
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reluctantly, while the patient sensitive would be obtained

through the corresponding IV/IV-modifier (McConnell-Ginet
1982, pp. 172-4). It is evident, then, that on a weakly
intensional notion of property and on the IV/IV variant of

reluctantly, (39) should be synonymous with:

(40) Fido was bought reluctantly
Are they synonymous? It is not clear. The suggested
paraphrase (Fido acted reluctantly to be sold/be bought)
is dubiously grammatical which makes it hard to decide.
It would seem to me that a more plausible interpretation
of (39) and (40), on the subject oriented reading of the
adverb, would be something like "Fido was sold/bought but
he didn't want to". Now it seems to me that one might
want to be sold without wanting to be bought (just like
one might have 'contradictory' intentions). But then (39)
and (40) would not be synonymous on the intended reading,
which, on the basis of weak intensionality would be a
puzzle. Thus, also on the otherwise quite convincing
semantic theory of adverbs developed by McConnell-Ginet,
the be sold-be bought problem might arise.

It is also likely that some version of the problem
under consideration will arise in the case of CN-modifi-
cation. For instance, Partee (1983) points out that on a
weakly intensional theory of properties, a uniform analy-

sis of of-PPs as CN-modifiers is impossible. One is
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forced to assume that there are "transitive" CNs (of
category, say, CN/+of PP). Whether this move is desirable
(or necessary) for the analysis of genitive constructions
in English is an open question. But having a weakly
intensional theory of properties prejudges the question
independently of empirical considerations of generality
and the like.

Thus analyzing predicate modifiers as functions from
properties into properties, coupled with a weakly inten-
sional notion of property, leads to a series of (at least

potentially) undesirable empirical consequences.

2.4 Summarx.

In the present section we have illustrated some
problems for the thesis of weak intensionality that might
arise in a theory of grammar independently of the general
philosophical problem of propositional attitudes. We
considered briefly various proposals that have been made
in connection with conjunction, passive, and predicate
modification. 1In the analysis of these phenomena, empiri-
cal considerations of generality, simplicity, etc. might
lead us to select hypotheses that potentially clash with a
general semantic theory based on weak intensionality.
Another way to put it is that a weakly intensional notion
of property clearly makes a big difference in the empiri-

cal analysis of the data in question. 3In many of the
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above examples we seem to be faced with the alternative of
either tinkering somehow with the analysis or rejecting
weak intensionality. To the extent that such an analy-
sis-tinkering would appear to be otherwise unmotivated, it
might be more plausible to abandon weak intensionality.
This is so, especially in consideration of the likely
eventuality that such a move will be necessary anyhow to
deal properly with propositional attitudes, as several

philosophers have argued.

3. A Second Order Theory of Properties.

We will now present a theory of properties which (1)
is not based on the theory of types, (2) allows for a very
general treatment of nominalization, and (3) is not
committed to weak intensionality. Such a theory is due to
Nino B. Cocchiarella.7 Cocchiarella's theory takes the
notion of property as basic and provides an axiomatic
characterization of how properties behave and what struc-
tural features predication has. Property and predication
are thus taken as primitive notions in pretty much the
same way in which set and set-membership are within
set-theory. Linguists in the Montague tradition are
accustomed to taking individuals and possible worlds as
basic and to defining properties in terms of those. Prima
facie, though, it does not seem to be the case that the

notions of individual and possible world have in any sense
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a "clearer" status than the notion of property. Our
intuitive understanding of what an individual is does not
provide us with a procedure for deciding in any given
circumstance whether two individuals (or rather two
individual-manifestations) are the same. Identifying
individuals in different circumstances is a notoriously
problematic question. The situation with possible worlds
is, if anything, worse. Similarly, we certainly have an
intuitive understanding of what a property is, even though
we do not have ready made identification criteria for
properties. So, adding properties to our stock of primi-
tives does not seem to introduce in our ontology creatures
of greater darkness than those we already have, especially
since we will carry out this move by means of a theory
provably consistent and complete (if ZF is). At any rate,
it is not our job to provide a philosophical justification
for the notion of property. What we want to do is show
that by resorting to a theory of properties such as
Cocchiarella's we can solve the problems (concerning
nominalization and intensionality) considered above in one
fell swoop.

Even if we cannot discuss in any detail the philo-
sophical assumptions regarding the background of a theory
of properties, there are a few general consequence that
adopting such a theory has on linguistic semantics that

are worth discussing right away. Given the limits of the
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present work, we will not be able to give to the following
issues the consideration they deserve. We wish, never-
theless, to point them out at least in a preliminary
fashion, for they are directly relevant for the present

enterprise.

3.1 Model theoretic vs axiomatic theories of properties.

Montague's theory of properties is cast in model
theoretic terms. The existence of 3 basic sets is as-
sumed: the set E of individuals, the set t of truth
values and the set W of possible worlds. Then models of
natural languages are defined using set-theoretic de-
vices. Formally, such models are characterized by means
of definitional extensions of some standard version of
(Von Neumann-Godel) set theory. Properties, in particu-
lar, are identified as certain objects in the model
(roughly, functions from W into sets). Questions such as
whether a property P exists, or whether P can be, say,
conjoined with Q can be answered in terms of the defini-
tion of the property in question out of W, t and E and,
ultimately, in terms of the logic of set~theory (i.e. the
logic of € ). The resulting notion of property is typed
in two senses. First, Montague defines the relevant set
of models in order to provide an interpretation for IL,
i.e. a typed language into which natural languages can be

translated. Second, the underlying set theory is a
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standard one, where -chains (i.e. chains of the form xé
.++€X) are disallowed (cf. the axiom of foundation).
Given that properties are sets built out of E, t and W,
and given Montague's definition of function application,
it follows that no property can truly apply to itself.

Let us now consider some general metatheoretical
consequences that the adoption of Montague's theory has
for linguistics and compare them with those that an
axiomatic theory would have.

First, the models defined by Montague are standard in
the sense of Henkin (1950). What this means, intuitively,

is that, e.g., all the functions in, say, B

are taken

as possible property-extensions. If we use standard
models to characterize a notion of logical consequence
with respect to some higher order language L, it is well
known that no finitely specifiable axiomatization for such
notions exists (see the discussion in Gallin 1975). So in
Montague semantics, not all arguments (of the form JKL
hence & ) that are valid could be possibly recognized as
such by finite machines. This state of affairs might be
argued to be not ideal, for the following reasons.
Linguistics is not concerned with arguments that are valid
simpliciter. This may be the concern of logic. What is
in question is the validity of arguments on the basis of

our implicit knowledge of English grammar. Let us call

such a notion of validity E-validity (E for English).
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Most linguists think that a grammar should represent in an
idealized form the implicit knowledge of a native speaker
of a language. So, syntax should characterize our ability
to recognize a sentence as wellformed, semantics our
ability to recognize a sentence as E-valid. It is com-
monly held, on the line of Chomsky (1957), that "human
abilities to recognize" should be represented in the form
of some algorithmic device (let us say, for explicitness,
a Turing machine). This is not a very strong require-
ment. Among logically conceivable algorithmic devices
there are many that could not possibly be (part of)
natural language grammars. But still it seems to be a
plausible requirement. I will not dwell on that. Now,
the that Montague semantics is meant to be a characteri-
zation of E-validity, but there is no algorithmic device
that corresponds exactly to such a semantics, goes against
Chomsky's claim that an algorithm is what in principle is
needed to represent human capabilities to make yes-no
decisions. To the extent that such a claim is well
motivated, a non axiomatizable characterization of E-vali-
dity might be regarded as a problem. In other words, the
same reasoning which induces us to want syntax to be
algorithmic should induce us to want our semantics to be
axiomatizable (i.e. in some sense algorithmic too). To
move towards such a goal one thing that we need is an

axiomatic characterization of what a property is.
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Montague semantics as it is cannot be provided with such a
characterization.

A second feature of Montague's theory of properties
seems to be its commitment to realism. If proprties are
sets of ordered pairs of the form <w,e> (where w is in W
and e is a property-extension), then they cannot be mental
constructs because, intuitively speaking, they are too
big.8 It may be, however, that properties really are
not mental constructs, and that anyway to decide whether
they are or are not is not the linguist's job. But this
seems to be precisely an argument in favour of a theory
that, unlike Montague semantics, is not committed to the
position that properties could not in principle be, say,
mental constructs or logico-grammatical roles.

If, on the other hand, we have an axiomatic charac-
terization of what a property is, then it would seem that
we are not necessarily forced to a realistic position.
This will depend on the theory itself. For example, we
might still maintain that there is an infinite number of
properties. But such an infinity might be only poten-
tial: i.e. an extrapolation from our capacity to apply
iteratively basic logical operations. We know that we can
form new properties out of given ones by using 3 , = and
-+ in formulae of indefinite complexity, and so the set of
properties must be infinite. But we don't have to assume

that all properties are sitting in an independently given
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infinite set (say, tE) which our linguistic capacity is
able to scan in its entirety. In other words, not all
members of tE need to be possible property-extensions,
but only some subset of it satisfying certain conditions
of closure with respect to baéic logico-linguistic opera-
tions. Shifting from tE to some subset of it amounts to
going from standard models to general ones (again in the
sense of Henkin, 1950), which will allow us to establish
completeness for our theory of properties.

A further point which is worth touching upon briefly
concerns the ontological commitments of our theory. If we
cast a theory of properties solely in model theoretic
terms, and if we furthermore assume that properties should
be related to (or maybe defined in terms of) constructions
out of possible worlds (and, say instants), then we would
seem to be committed to the actual existence of possible
worlds (and durationless temporal atoms). Otherwise, what
are we talking about when we say, for instance, that a
property P is true of u in the possible world w? Doesn't
the variable w of our theory refer, just as u does? And
if so, to what? Suppose, instead, we have an axiomatic
theory of properties. Then we can say that properties are
whatever behaves in the way characterized by our theory.
Constructions in terms of possible worlds may be useful
model theoretic devices to test certain features of our

theory, i.e. to characterize in an independent way reason-
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ing patterns that the theory characterizes axiomatically.
But as far as our theory is concerned, possible worlds
would not have any independent reality, besides that of a
useful artifact of model theory. So an axiomatic theory
of properties and in general an axiomatic ("proof theo-
retic") semantics can help us to isolate a level of
ontological commitment which makes all and only the
assumptions to which the grammar of English forces us. We
might want to claim for philosophical purposes that there
actually are possible worlds. But what is the evidence
for claiming that such an assumption is necesary to build
a grammar of English? Couldn't we build an adequate and
explanatory grammar without committing ourselves to the
existence of possible worlds? If we have an axiomatic
characterization of what properties are it would seem
clear that we can answer the latter question positively.

These consideration are certainly preliminary and
superficial given the complexity of the topics they
concern. But even in this form, they seem to show that
there are a number of metatheoretical reasons for having
an axiomatic characterization of what properties are,

rather than having solely a model theoretic one.

3.2 HST*: a second order coﬁnterpart of type theory.

In what follows we are going to present the syntax

and semantics of a formal system (Cocchiarella's HST*);
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such a system can be regarded as a non standard second
order logic, which provides a representation of the theory
of (homogeneous) simple types. Later we will present
extensions of HST* containing N's and modal operators. On
the basis of these extensions we will present a new
semantic theory for (a fragment of) English.

The following introduction is essentially intended as
an informal presentation to put linguists in a condition
to evaluate the system as a candidate for doing natural
language semantics. We will not be able to consider all
the technical aspects and the philosophical issues that
HST* as a general theory of properties raises; for this
the reader is referred to the literature mentioned in fn 7.

The syntax of HST* will have individual variables

ULERTA SRR and n-place predicate variables, p",
fﬂ.. The primitive logical symbols of the language are
taken to be =, ~,V . Other connectives and the existen-

tial quantifier will be defined as usual. The major
difference between HST* and standard second order logic
consists in the fact that the formation rules of HST*
allow for predicate variables to occur in argument posi-
tion (i.e. allow for formulae like (3(Y ) or even (3((3) to
be well-formed). So, if we letf*o"'#‘n range ambig-
uously over predicate and individual expressions, then the

formation rule for atomic well-formed formulae (wffs) of
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standard second order logic is replaced in HST* by the
following clause:

(41) I1f pn is an n-place predicate expression,

then p(rb,..,ﬁn) is a wff.

Argument position occurrences of predicative expressions
are said to be nominalized predicative expressions.
Alternatively, as suggested in Cocchiarella (1974) we can
add to the apparatus of second order logic a name building
device, say '~ ', that transforms predicative expressions

into singular terms. Accordingly instead of (4l), we can

have:
(42) a. If (® is an n-place predicative expression,
"t is a singular term.
b. If (® is an n-place predicative expression

and ®;,...,%, are singular terms, then

p(xy,..,xpn) is a wff.
The other formation rules of HST* are standard. So, this
logic distinguishes two roles of predicative expressions.
Their primary role is the usual one: attributing proper-
ties to subjects in predication acts. Their secondary
role is that of being subjects of acts of predication. To
allow for the latter, the logical grammar of HST* accom-
modates a nominalization process (in the form of (41) or
(42)). Nominalized predicative expressions are singular
terms derived from predicative expressions. This is
intuitively close to what seems to take place at the

surface of English syntax, where we have, for example,
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fully inflected VPs (like runs) that can only occur as
predicates, and gerunds and infinitives which can only
occur as arguments (i.e. there are no matrix sentences of

the form *John to run). Predicative expressions of HST*

might be intuitively understood as inflected VPs, nominal-
ized predicative expressions as infinitives or gerunds.
The role of ' ™' in HST* would therefore be analogous to
that of infinitive and gerund formation. Another example
would be the relation between adjectives such as good and

their nominal derivative goodness. Good is a predicate,

goodness a nominalized counterpart of the predicate. In
this case the role of '~ ' would be similar to that of the
derivational affix '-ness'. To take a further example,
one might consider the relation between sentences (such as

John eats a sandwich) and their nominal or quasi nominal

counterparts that John eats a sandwich, John's eating the

sandwich, and for John to eat the sandich. In HST¥*

propositions are regarded a o-place properties and wffs
can be, accordingly, regarded as O-place predicative
expressions. Hence they can be nominalized by prefixing

! “'.9 In the case at hand, '~ ' would play a role
similar to that of the complementizers that and for or the
POSS-ing construction. These examples are only meant to
be suggestive of what appears prima facie to be a natural

interpretation of the name building device '~ ' of HST*.

But it is precisely this very general nominalization
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schema built into the logic of HST* that we will try to
exploit in providing an analysis for the phenomena just
mentioned.

So, the main feature of HST* is that property denot-
ing expressions can be nominalized, and hence properties
can be turned into legitimate value of individual vari-
ables. But since Russell's paradox of predication, we
know that it is impossible to let any o0ld property we can
imagine be the value of individual variables, at the risk
of inconsistency. A type theoretzic regimentation of
logical grammar was Russell's own way out of the paradox
of predication, a way that Montague built into his theory
of properties. What will be our way out? The charac-
teristic axiom of second order logic is the comprehension
principle, i.e.:

(43) (CP) 3val'0¢olvxn[P(xl'-o,Xn)H‘Y]
where P does not occur free innp

What (43) does is to sanction formally the intuitive
requirement that any open wff should "correspond to" a
property. By doing this we automatically guarantee that
properties may be conjoined, disjoined, etc. (for any
operator in the language). Suppose now that in HST* we

extend (43) to the following generalized CP:

(44) 3{5\“\10 e -IVNn (3(}‘\1, .o "M) — \?

The following would then be an instance of (44) and

therefore provable:
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(45) IRVPVX[R("P,x)=P(x)]
(45) posits the existence of a relation which correspond

to predication; let us call it Pred. Pred can then be

used in further instances of CP such as the following:
(46) IPYx[P(x)~~Pred(x,x)]
According to (46) there is a property fhat holds of any
property that does not hold of itself. By Russell's
argument then, such a property will both hold and not hold
of itself. Clearly, thus, once we switch from standard
second order logic to a system which allows for nominal-
ized predicates we must adopt a restricted version of CP.
There are various ways of restricting it, which give rise
to various logics of nominalization (Cocchiarella's
*-gystems). We will be interested in a technique for
restricting CP which exploits the same idea that underlies
type theory. Such a fechnique is called stratifica-
tion.10 We say that a wff ¢ of HST* is homogeneously
stratified (or h-stratified) if there is a function g from
the predicative and individual expressions in ¢ into
natural numbers such that (i) for any predicative ex-
pression (3, g({) = g("p), and for any atomic sub-wff
p(/ul""}"'n) of ¢ (ii) g(}*i) = g()kj), where 1 £ i,
j<€ n, and (iii) g(p) = g(pi) + 1. For instance, no
formula which contains subwffs of the form P("P) or
R("R,x) will be h-stratified, because there is no function

g from the set { P,“P,R,“R,x} into the set of natural
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numbers that satisfies (i)-(iii). Also a wff that con-
tains two atomic subwffs like P(x) and R("P,x) will not be
h-stratified, as the reader can easily verify. Intui-
tively, it is clear that an h-stratified formula is in
some sense type-theoretically "safe", for predicates in an
h-stratified formula must be exactly one stratum above
their arguments. We can then use stratification to
restrict CP. Only properties that can be specified in
terms of h-stratified wffs are guaranteed to exist by CP.
The following will be the CP of HST*:
(47) 3IpWMLr e e Vpn B(M1,eeeBrp)e— @  (HSCP*)

where (i) @ is not free in ¢ and (ii) the entire

biconditional is h-stratified
It can easily be seen that we will not be able to posit a
predication relation via HSCP*, since (45) above is not
h-stratified, and so the existence of Russell's property
will be disprovable in HST*, It is in view of the strati-
fication requirement in HSCP* that HST* can be regarded as
a second order counterpart of the theory of (homogeneous)
simple types.

In this way we will have a theory whose syntax is
untyped (apart from the distinction between predicative
and individual terms), but an analogue of a typing re-
quirement is used in the metalanguage to restrict CP. The
reader at this point will wonder what we are gaining by
relocating types from the object language into the meta-

language. Consider the following formula:
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(48) 3PVx[P(x)éex = x]13
(48) is an instance of HSCP* and hence is a theorem of
HST*. But (48) posits the existence of a property, call
it U, that holds of everything, including therefore its
own nominalization. Hence thé following will be a theorem
of HST*:

(49) 3r[P("P)]

So not only self-instantiation of properties is meaningful
in HST*, but it can actually be proven that there are
properties which hold of themselves. This shows that the
restricted comprehension principle allows us to have (via
stratification) the advantages of type theory (i.e. no
Russell's property) and at the same time to make sense of
self-predication.

To sum up, HST* is a formai system that arises by
changing second order logic in two ways: we allow predi-
cative expressions to be nominalized and switch to an
h-stratified CP. The resulting system is provably consis-
tent relatively to ZF, and complete. An important thing
to notice is that HST* does not necessarily require that
properties with the same instances have to be identical.
In other words the system leaves open whether properties
are to be thought of in extensional or intensional terms.
If we want to think of them a sets, all we need to do is
to add an axiom saying that two properties with the same

instances are identical. The question is especially
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reiéVént for modal extensions of HST* where properties
will have varying extensions in different worlds. We
might require then that necessarily equiextensional
properties must be. identical by assuming:

(50) DExt* VRVQIOVxX31,...,Vxpn [R(X3seeerXpn)es

Q(x3,..,%xn)}+R = Q]

Assuming OExt* amounts to adopting essentially Montague's
weakly intensional view of properties, which would allow
us to model them as functions from possible worlds into
truth values. So it is possible to adopt the general
treatment of nominalization that HST* provides without

12 However, HST*

having to abandon weak intensionality.
as such is not committed to OExt*, a fact that is particu-
larly interesting in view of the problems that weak
intensionality creates. 1In fact, the "intended" model of
HST* that we shall present in sec. 3.4. below is one

where OExt* fails.

So far we have presented HST* as an uninterpreted
"formal system, without saying anything about the semantics
that comes with it. Now, as al;eady noted, properties are
projected in two roles in the logical grammar of HST*: as
predicative expressions and derivatively as singular
terms. This is the trade mark of Cocchiarella's
;—systemso If, as many philosophers seem to think, the

role of a logical grammar should be to display somehow the

structure of the world, then one of the central theses of
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HST* seems to be that properties may be looked at from two
different points of view. Qua predicable entities, they
appear to be essentially incomplete or "unsaturated"
structures. Something like _runs cannot stand by itself:
it is a structure with a gap in it. If we fill that gap
we get a sentence. So properties as predicables should be
conceived as intrinsically incomplete, “"gapped", or
"functional" stfuctures. These structures are whatever
they are: platonic concepts, mental constructs, logico-
grammatical roles. One might think of them as functions
from individuals into propositions, ways of displaying
individuals in a state of affairs, etc. In any case on
what seems to be the most natural interpretation of HST*,
properties as predicable structures should not be regarded
on a par with individuals (i.e. saturated particulars).
Properties, however, can be "nominalized" and nom-
inalized predicative expressions can be subjects in
predication acts. This strongly suggests that the unsat-
urated structures associated with predicative expressions
(in their primary linguistic role) can somehow be "pro-
jected" as individuals, or have individual counterparts,
which is what nominalized predicative expressions refer
to. So, on this view, properties have two modes of
being: one as "intrinsically functional" entities, the
other as individuals systematically correlated to those

entities. So, for instance, men used as a predicative
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expression (as in John and Bill are men) would be associ-

ated with someting like a propositional funcion. Used as

a subject (as in men are mammals) it purports to refer to

an independently existing individual, the kind of men.
Similarly, the verb run used as a predicate is something
that maps individuals into propositions (whatever the
latter man be); used as a subject (in its infinitival or
gerundive transform) it may refer to some abstract indivi-
dual, say the activity of running. This idea of proper-
ties having a double nature seems to be close in spirit to
the Fregean distinction between concepts and objects
(where concepts have to be kept distinct from but do have
as correlates objects, conceived possibly as Wertver-
léufe). 1In fact, Cocchiarella claims that HST* can be
used to provide a fair representation of Frege's view of
nominalization processes.

For the purpose of providing a model for HST*,
properties will have to be modelled as some sort of set
theoretic construct, viz. as saturated entities. For
instance, if we adopt weak intensionality, we can repre-
sent properties (qua predicables) as functions from worlds
into sets. We can introduce, then, a function £ that maps
properties (as propositional functions) into the domain of
individuals. Intuitively, what £ does is to associate, in
Frege's terminology, each "concept" with its individual

projection or objectual correlate. The exact nature of
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this individual counterpart of properties may be left for
specializations of the general theory to determine. So a
model theoretic frame for HST* will look roughly as a
triplet of the form <U, P, £> where U is the set of
individuals, P the set of properties and £ a map from P
into U. That the set P, whatever structure it might have,
is bound to be a set of "saturated" entities only shows
that model theoretic constructs are useful tools in
studying formal theories. Models, however, are not to be
confused with the actual objects that theories are about,
though they might be good (or bad) guides to the intended
interpretation of a certain theory. A further point to be
noted concerning the frames in question is that nothing
prevents P from being a subset of U and £ from being the
identity function. In other words, HST* allows for an
interpretation where predicative expressions and their
nominalizations have the same semantic value. But, in the
general case, this is not to be assumed since nothing in
the theory enforces it as a necessary requirement. It
might also be pointed out that Cocchiarella's Fregean
semantics for HST* and related systems bears a certain
resemblance to a semantic technique that should already be
familiar to linguists, namely Thomason's (1979) "levelling
function". Such a function is supposed to be a map from
propositions into the domain of individuals. Thomason

mentions briefly that extending the levelling technique to
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properties would require major adjustments to semantic
theory. Cocchiarella's HST* provides a general framework
to carry out such necesary adjustments.

This concludes our informal presentation of the basic
features of HST* as a general theory of properties and
predication. We now turn to a more formal description of

two versions of the system.

3.3 )\DHST*: the syntax and (weakly intensional) seman-
e, 13

tics of a modal M\-extension of HS

The system we are going to consider is an extension
of HST* containing A\'s and modal operators. Such a system
will be provided with a standard possible world semantics
that validates the thesis of weak intensionality (i.e.O
Ext*). The reasons for presenting this system are two-
fold. On the one hand it may help linguists who, like
myself, are accustomed to thinking in terms of Montague's
IL to work their way smoothly towards more radical alter-
natives to Montague semantics that can be built on the
basis of AOHST*. On the other hand MDHST* (+BExt*)
provides a very general semantics for nominalization
processes that might be appealing for the weak intension-
alist, i.e. to those who believe that properties should be
thought of as functions from possible worlds to extensions.

The A-operator in A\DHST* serves as a device for

explicitly defining new properties in terms cf open wffs
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of the language. Now, properties in ADHST* are not
ranked according to the kind of arguments that they take.
So the A\ -operator is allowed to bind only individual
variables (i.e. only A-abstracts of the formlkxl,...,x

X, are taken to be well-formed). If we allowed the

/ \-operator to bind also predicative variables, it would
suggest that certain properties can be meaningfully
applied only to properties, and this is not so. Proper-
ties can be applied meaningfully to any individual, though
some properties might be true (and furthermore necessarily
so) only of (nominalized) properties. A further prelimi-
nary remark concerns the way "improper" \-abstracts are
going to be treated. As we know already, only properties
specifiable in terms of h-stratified wffs exist as far as
HST* is concerned. So we have got to do something about
A-abstracts Xxl,..,Xxn\Q where P is not h-strati-

fied. One way to go would be to assign to those some sort
of "null" relation, say the empty n-place relation. It
turns out to be simpler, though, for technical pﬁrposes,
to assume that improper A~-abstracts simply are not well
formed terms of A OHST*. The definition of well-formed-
ness for an expression of ADHST* can be easily adjusted
to his end, which will save us a lot of work. Perhaps it
should be noted that there are other ways of extending
HST* via the A -operator which do not have this feature.

Cocchiarella develops, for instance a system, called
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HST*? , where all A-abstracts (including non h-stratified
ones) denoté a property when used as predicative
expressions. However, only some properties turn out to
have individual projections, i.e. only some predicative
expressions refer when nominaiized.

In describing ACHST* it is convenient to identify
the set of types with natural numbers. Intuitively, O is
taken to be the type of individual expressions, 1 the type
of sentences (wffs), 2 the type of l-place predicative
expressions, n the type of n-l-place predicative expres-
sions. It should also be noted that expressions of the
language L within which AOHST* is going to be described
are ranked only according to the adicity of predicates and
not also according to the rank of arguments, as in stan-
dard type theory. Let Varn and Consn be the variable
and constants of type n of a language L. The set of
meaningful expressions of L of type n (MEn(L)) is
recursively defined as follows:

(51) (i) var_, ConsnS-.MEn, for all n

S

(ii) if BEME_ (where n 2 2)14 ,name

I n —~ e - sAana

'3
Caam

o’

then p(u)eMEn_l

(iii) if @, Y €ME; and ®€Var, then: - @,
Sl L Vu\qéMEl

(iv) if PEME, (where n 7 0), then "péMEo

(v) if ‘-\’G.MEI and B qreee neVaro (where

n 7 1) A%y, N ®eMER+
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The definition of h-stratification goes as before, except
that we now require that for any weff P such that
)\xl,..,)‘xng‘; occurs in tP all the Xy must receive the
same numerical index and the A-abstract is assigned the
successor of this index for l\) to be h-stratified. We
then say that a wif Y of L is a wff of A\ UHST* iff every
A-abstract occurring in ¥ is h-stratified. We can also
define ' ="' (indescernibility) as usual, i.e.:

(52)"3="§ = WELE("p) =§(") ]
The axioms of MN\QHST* are taken to be all the tautologies,
plus a standard axiomatic basis for (second order) predi-
cate logic with identity, the axioms of S5 propositional
modal calculus, the Carnap-Barcan exchange law for Vand D
(see Cocchiarella, 1983 for details) and the following:

(53) (Ia*) “Axyee e Ax [P(xy). . (% )]12"°P

(M-Conv*) [Ax,,.. AX QX ) e (x )
QUK /Xypeei /%),
where s is free for X, in @

(HSCP*) BF"[xxl,...,Xan]a"F

(LL*) a = b=[g=¢]
Given LL*, we can safely use '=' for '='. Furthermore we

should note the simple form that the comprehension
principle takes here. QExt* (see above sec. 3.2.) can be
consistently added to )\QOHST*. It is worth pointing out

that (1) ANQHST* is consistent, if Zermelo-Fraenkel set
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theory is, and (2) for any wff (¢ of ADHST* there is
A-free wff y of AOHST* such that Y~y is a theorem of
AOHST* (i.e. AOHST* is a conservative extension of
(modal) HST* —- Cocchiarella, 1983).

We turn now to presenting a weakly intensional
semantics for HST* + Ext* in terms of which the complete-
ness results are obtained. This will serve the purpose of
illustrating how the Fregean semantics of Cocchiarella's
works, but it should not be taken as the intended model of
AOHST*., By an intensional Fregean frame we refer to an

-indexed triplet Q= <Xn, w, £> such that:

new
(54) (i) X,MW are non empty sets
(1) xe2  x

x"’fo
‘s o
(iii) xn+lex1

n-times
. . . u .
(iv) f is a function from n>o0 Xn (i.e.
the set of n-place properties) into XO'

XO is taken to be the domain of individuals, X the

n+l
domain of n-place properties (in particular, Xy is a set
of characteristic functions on the set W). £ associates
properties to their individual projections; we take the
function £ to be rigid, i.e. a given property will have
the same individual counterpart at all worlds. But this
is not forced upon us. By an assignment in an intensional
Fregean frame we mean a function g with domain | Var

such that if x€Var , g(e)eX . An intensional

interpretation for a language, given a Fregean frame(®,
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will be an ordered pair M = <4, F>, whre F is a function
with doman “I‘JuConsn, such that for any xéCons .,
F( ok)éxn. We now define recursively the value of a

meaningful expression & of L with respect to an assign-

ment g and an interpretation M (in symbols Vg'M(OL)) as
follows:

(55)

(i) if e Var , Vg,M( X) =glx); if x€
Cons , vg'M(cx) = F(x)

(ii) if A€ME, and (€ME_, vg'M( B (o))
= Vg’M(O)(Vg'M(C&))

(iii) if Y€ME,, for any WEW, Vg'M(-H-Q)(w) =
1 iff Vg,M (\.?)(w) = 0 similarly for

(iv) if § €ME, and & € Var , for any wew,
Vg,M (Vo )(w) =1 iff for all ue X,
Vg( «/uy,mt 9 )W) =1

(v) if Y€ME,, then Vg,M( C\L? Y(w) = 1 iff
for all w', Vg,M( W ) (w') =1

(vi) if ME,, vg,% (N eee AKX )
is that u in W D such that for
any ajsee.sa in X4, u(al).. (an)(w) =
1 iff Vg( X,/a ... oLn/an). m({)(w) =
115

(vii) if (€ MEn' Vg,M( "(b ) = f(Vg'M((b))

An intensional interpretation M for L is a general

interpretation iff for all npo, all X 6MEn and all
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assignments g in M, vg,M (x)eé X - Satisfaction and
truth can then be defined as usual. The completeness
results for A0 HST* are obtained with respect to all the
general interpretations that satisfy all instances of
HSCP*,

The model we have considered should be understood as
a mere device for testing certain formal properties of
AOHST*. This done, we can adopt HST* as an autonomous
framework for natural language semantics. A semantics of
English can be provided by means of a translation proce-
dure into the language of ADOHST*. The David Lewis
argument that translating is not doing semantics does not
apply here, just as it does not apply to Montague's
translations into IL. We know that X\ JHST* has models (if
ZF is consistent), i.e. we know that AOHST* can be
interpreted in terms of extralinguistic entities. Natural
language semantics (as intended here) is not concerned, in
general, with the actual meaning of single words or with
the actual truth conditions of particular sentences, but
with the structure of meaning. To display this a transla-
tion procedure into a formal language (known to be
interpretable) suffices. Furthermore, if one task of
natural language semantics is to characterize a notion of
logical consequence, then this can be done in terms of the
notion of "provable in )\DHST;"". Completeness guarantees

that the set of pairs of wffs picked out by this notion is
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the same as the one characterizable in semantic terms.
Thus, it woﬁld éeem that there is nothing that can be
accomplished by a direct map from English into models but
could not be accomplished by a map from English into the
language of A\QHST*. This aliows us to adopt A\OHST* as
a basis for semantics independently of any particular
model that one might want to choose as the "intended
interpretation”. Still a semantics by translation along
the lines just sketched would be model theoretic and truth
conditional, since the possibility of putting particular
models, as it were, in parenthesis is granted only by the
fact that model theoretic interpretation is a known

quantity.

3.4 IL,: an HST*-based logical form for English.

We are going to present now the syntax and semantics
of a logical language (IL,) that will be used as a
language of the translation in providing an explicit
semantics for a fragment of English. The logic that we
adopt is that of ADHST* without OExt*. The semantics of
IL, serves the purpose of illustrating what a model for
a strongly intensional logic like XC:HST* withoutgExt*
might look. Such a semantics is meant to be simply a
heuristic into possible "natural interpretations" of our

new semantic framework.
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We will add a new category to our logical grammar:
the category of n-place functors. Functors are taken to
be expressions of IL* that so to speak modify the type
of other expressions. So, for instance, there can be
functors of IL, that map l-place properties into other
l-place properties (like adverbs). We regard n-place
functors in the way we regard n-place relations: an
n-place functor applied to an argument yields an n-1 place
functor. The addition of n-place functors is completely
straightforward from a technical point of view; it amcunts
essentially to the addition of (third order) functional
constants (i.e. constants that apply to properties of
basic elements) to our language. This will not take us
beyond the second order logic of AN HST*, because we do
not assume the possibility of quantifying over second
order functors. IL, has thus expressions of three
logical types: individual expressions, predicative
expressions, functor expressions. 1Its logic, however, is
second order, for we only have variables of the former two
logical types.

The motivation for this implementation is the
intuition that natural language items such as adverbs,
prepositions, determiners, complementizers should not be
treated on a par with predicates (common nouns, verbs,

16

adjective, predicate nominals). What motivates this

claim is the fact that ANOHST* is a logic for nominalized
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predicates: any predicate expression can be nominalized.
So if we treat adverbs, prepoéitions, etc. on a par with
predicates they too would be nominalizable (i.e. they
would have individual counterparts). But in natural

languages they never are.l’

A simple way of accounting
for this is to say that things like adverbs or preposi-
tions are out of the domain of the Fregean correlation £
between predicates and individuals, which is what we do by
assuming that they are higher order functors. Another
possibility would be to treat all non predicates as
syncategorematic symbols at the level of our logical
language. This course strikes me as rather implausible
for several reasons. For instance, it would force us to
have a probably infinite number of primitive syncategore-
matic symbols, at least in the case of adverbs (given that
adverbs are closed under conjunction and maybe disjunc-
tion). This would raise serious learnability problems.
Furthermore, syntactic categories that play a role
analogous to that of adverbs, prepositic:t::, determiners,
etc. are pretty widespread crosslinguistically, yet the
meaning of single adverbs or prepositions or determiners
varies greatly. If we treat these items syncategoremati-
cally how could we express the fact that their type is
attested, at least as a tendency, universally? In other
words there are a number of linguistic generalizations

that seem to get lost on this hypothesis.
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There are various other ways in which  HST* could
be extended to accomodate adverbs, prepositions, etc.
Instead of considering all of them, we will pursue our
proposal (adding third order functional constants to

HST*} and then try to show some nice consequences that
this move seems to have.

For the time being, we will adopt a very strict
hypothesis on the nature of n-place functors. We will
assume that (a) there are no variables of such type and
(b) that there are no 4th or higher order functors (i.e.
functors that apply to functors). This hypothesis will
turn out to have interesting consequences for natural
language semantics which we will try to defend in sec. 4.
We now turn to a formal characterization of the syntax of
IL,.

(56) 1. Type is the smallest set such that:

e,p EType; if b € Type and a = e or a =
<e, P> (where <e /P> =

<e,...<e,p>...>), then <a,b> ¢ Type.

n times

(Remark: e is the type of individuals, p
the type of prepositions. For any type we
will have denumerably many constants of
that type. If a = e or a = <e .p> we

will also have denumerably many variables

of type a)18
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2. Recursive definition of ME‘_:1 (‘meaningful
expression of type a') for any a €Type:

(i) var

&
a’ COnsa ..MEa

(ii) xf [56ME<a'b> and x ¢
ME_, @3(%X) €ME
(iii) If oé€Var_ and (e
ME , Ax (® € ME ., p>

(iv) If @, P € MEP and XeVar_,
then the following are in MEP as
well: =@, 9 =Y, 0Q ,HQ,We,Vx ¢
(v) 1If @ CME<en ,p>’ "(5 €ME_
In providing a semantics for IL, we will treat indivi-
duals and propositions as basic. Properties (as predict-
able entities) will be represented as functions from
individuals into propositions.19 Since we leave open
the exact nature of propositions, it will not in general
be the case that two logically equivalent properties turn
out to be identical entities. A Fregean embedding f will
associate each property with its individual projection.
Worlds will then be treated essentially as (time-indexed)
sets of propositions. Constraints on worlds will guaran-
tee that truth conditions come out right (i.e. if p is
true in a world w, then not p is false at w, etc.). 1In
order to guarantee that each formula x.? is assigned a
proposition p such that p is a function of (the semantic

counterparts of) the syntactic operations in terms of
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which «p is build up, we will use algebraic téchniques.
In particular for eaéh'primitive logical symbol of IL,
there will be an operator in the model mapping proposi-
tions into new propositions. The universal quantifier
will be treated as customarily in algebraic semantics as a
function g v.,n that maps n-place properties into n-1

place properties (e.g. g v,1 will map the l-place

property run into the O-place property everybody runs').

It should again be emphasized that none of these moves are
forced upon us by IL, as such. There are many con-
ceivable alternatives. For instance we might take n-place
relations as primitive and define propositions in terms of
them and the notion of an individual. Cocchiarella (1983,
ch. 6) develops a semantics for AOHST* (and other
*_systems) that does not validate OExt* and does not
require having propositions as primitives. Such a
semantics is based on a (primitive) predication-relation.
Thus, the model we are going to provide represents only
one of the many available options and is only meant as a
heuristics.
(57) 1. A Fregean predication frame (FP-frame) is
an o -indexed tuple Q= <U,P,X /W,
Je (£.9 v,m’ 9= '90 '9n Iy 99, new
where:
(i) U,P are non empty sets (individuals and

propositions respectively)
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(ii) for each ne¢w . it n = O, xO'P

Ry
ifn>1. xcpP ",

Ry
where for any Y,Z2,2 =

z!’u-ti.-es
(i41) 35 is a set partially ordered by %
(i¥) £ is a function from P U into U
(v} (a) g, .9, *Gys 9y are all distinct
members of P¥
(b) g_, is a member of pf X P

(c) for all ne¢~, g v.n is a function from

D

by, 1 !
D.- 2 Dx-i 2

p" into P ’
where for each i, n>i>l, Di = U or D;
= X, (for some néw)

(vi) W is some set of functions from P X J into

{0.1}; each w €W must satisfy the following

p.P1

conditions, for each p,q,r€P, X €P n

(wvhere each D; is as in (ve)) and for each

JEJ:

(a) if p = g_,(q), then w(p,j) = 1 iff
w(gq,j) =0

(b) if p = g_,(r,q), then w(p,j) = 1 iff
either w(r,j) = 0 or w(q,j) =1

(c) ifp = gg (a), then w(p,j) = 1 iff for
all j'€e J and w'e W, w'(gq,j') =1
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(@) if p = gy(q), then w(p,j) = 1 iff
there is a j'€ J such that j'.f. j and
w(gq,j') =1

(e) if p = g,(q), then w(p,j) = 1 iff
there is a j' € J such that jg 3’ and
wig,j') =1

(£) for any ele D2,...,en_1e Dn (where
each D; is as in (vc)), w( gvin(k)
(el).-(en_l), j ) =14iff for all
eeDl. w( k(e)(el)...(en_l), j) = 1.

2. A value assignment h in a FP-frame CQ is a
function such that if o((.Vare, h(x ) €U,

‘ and if lc(EVar<en'p>, h{ol) e X,

3. The set Da of possible denotations of type a

is defined as follows:

(1) ifa=e, D =U

a
(ii) if a = p, DP=P
(iii) if a = <e,.p>, D, = X,

(iv) if none of (i)-(iii) obtains and a = <b,c>,
Da = Dc

4. An FP-interpretation is a pair <<&,F>, where
(L is a FP-frame and F is a function such

that for any ol €Cons_, F(N® )e Da

a
5. Por each o(éMEa, we define the value of &

with respect to an FP-interpretation M and
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a value assignment h (in symbols [oLIlM'h)

recursively as follows:

(1) (a) if oevar,, [«1%P =n(x)
(b) if oecons , K MM = F(x)

(ii) If @ EME, ,, and &EME,, II(b(O‘)lIM'h
=g 1" MM

(iii) if x€vVar, and (€ME,, where b =
LITAL VYL PRPRT ESERTES EXO&PHM'h =d,

D
D a

where d is that member of Da-;l' 21  such

that for all ué€p,, d(u) = [(BDM'h(O‘/u)
(iv) if G Ye MEp and G.Vara , then:

(a) [-4qi™™® = g_ (Tq ™M)

(6) T@—-pI™™ = g, (1 ™™, 1yl

() IVag@ ™™ =g (r)hia)))...

(h(e _,)) where o, &¢;,...,X__, are

M,h)

all the (pairwise disjoint) free variables
occurring in P and r is that member of

1

p R (where for n>i>1, Di = Da

and a is the type of oLi) such that
for any e €D, c0se € Dn,r(el)...(en)
- ﬂq]M'h( o(/el, c(l/ez,..., o(n_l/en)
(@ 1agi™™® = g5 (191"

(e) EwQI™™ = g (Eg1™™

(£) EQI® = gy p M)
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(v) if @eME, ., then [~p PP = £(rp ™)

e .p
4. An FP-interp:etation M is a general FP-inter-
pretation iff for each &€ MEa and each

value assignment h,{« IIM'he D,
5. A wff LP is tfue with respect to some W€ W,
j € J and some general FP-interpretation M iff
for all value assignments h,w(l]sfllM'h,j) =1
6. If ¢ is a wff of AOQHST*, then g{)is
IL,-valid iff for each general interpretation
M, each w ¢W and j €J, if all instances of LL*
and HSCP* are true in M with respect to w and
j, then & is true in M with respect to w and j.
It is clear that all the axioms of ADHST* (except for LL*
and HSCP*) are true in géneral FP-interpretations at any w
and j. Now, let the axioms of IL, be those of ADHST*
(without O Ext*) complemented by some proper set of axioms
for H and W plus a proper extension of A-conversion to
cover also functors. We may then conjecture that Coc-
chiarella's completeness results extends to IL, with
respect to the relevant class of general FP-interpreta-
tions (i.e. all the interpretations in which all instances

of LL* and HSCP* are satisfied):

(58) Conjecture: the set of ILx-valid wffs is
equal to the set of theorems of A QHST*.

It is also convenient, as we will see, to have in the

language of IL, something which can "undo" what the
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nominalization operator '~ ' does. We will denote this as
‘v’ and call it "the predicator". Intuitively, the
predicator '“~' is to be interpreted as the inverse of the
embedding map £. Syntactically, '+« ' maps individual
expressions into predicative ones. We may simply define
it contextually as follows:

“x(y) = g¢ IPL "P = x & P(y)]

Notice that the following is IL,-valid:
(58) “7P(x) s P(x)

(58) is reminiscent of Montague's "down-up" cancellation.

4. 1IL, as a Restrictive Semantic Component

of the Grammar.

The motivation for implementing IL, as a logical
form for a grammar of English is mainly its general
(type-free) treatment of nominalization and its non
commitment to weak intensionality. Of course we have not
built yet a grammar of English predicative expressions.
Probably, though, the Montague grammarian can already
imagine the lines along which such a grammar can be
constructed. We will devote subsequent chapters of the
present work to this task. In a sense, the kinds of
arguments in favour of adcpting IL, we have considered
thus far are of a “negative“ nature. There are phenomena

that can be treated only in a very complicated way given
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Montague's theory of properties. IL, allows for a

simpler treatment of those phenomena. Essentially, IL,

as a much more simple and flexible type-theoretic struc-
ture than IL: only three logical types instead of
infinitely many, and furthermore a device for "lowering"
arguments (instead of "raising" functions). This gives us
the flexibility we need in handling certain facts and this
is why IL, is preferable to IL.

Now, for well over a decade the main concern of
(generative) linguists has been the search for constraints
on grammars. Given all the grammars one could imagine,
only some of them turn out to be possible as grammars of
natural languages. The choice of a formal theory (such as
say, in syntax, X-theory) sets up the logical space of
what counts as a possible grammar. Then, the task of a
substantive linguistic theory, as usually conceived, is to
narrow down this logical space up to a set that (apart
from possible "accidental gaps") contains all and only the
grammars of natural languages. The focus of research for
constraints has been mainly in the theory of syntax.
Research in semantics has rather been devoted to specify-
ing in a systematic fashion truth conditions for sentences
involving a variety of semantic constructions, in the hope
of finding systematic semantic explanations of phenomena
for which a satisfactory purely syntactic explanation was

lacking. We would like to argue that IL, represents a
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step towards a more restrictive semantic component than

. the one provided by IL. IL, can be regarded as a way of
constraining the semantic component of a grammar in much
the same way in which the recent work on generalized
quantification provides a principled account of why only
some of the logically conceivable quantifiers are attested

in natural languages.20

If IL, gives us more freedom

in handling certain phenomena than IL, it also gives us
less freedom in handling other phenomena. There are,
specifically, two ways in which IL, can be viewed as
imposing severe restrictions on the structure of meaning.
One has to do with constraints that IL, imposes on the
translation mapping and through them on the syntactic
constituency of certain constructions (particularly,
infinitives and gerunds). We will consider them in detail
in chapter III. The second has to do with the types of
entities that on the basis of IL, we should expect to

find as possible meanings of natural language express-
ions. We mentioned in the introduction to this chapter
that one of the roles of type theory was to provide a set
of classificatory principles for semantic domains and that
in this role too there were reasons for being dissatisfied
with it. On totally independent grounds we have been led
to formulate a theory which contains only a threefold type

theoretic distinction. We wish now to suggest that such a

theory represents also a better approximation to the
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individuation of classificatory devices on semantic
domains built into grammars.

To put it in a nutshell, adopting IL, as logical
form in a grammar amounts to making the following two
claims: (a) the meanings of ﬁatural language expressions
have to fit the mold of three and only three logical
types, namely (i) individual (or argument) expressions,
(typically, NPs), (ii) predicates (or propositional
functions: verbs, CNs, adjectives, sentences) and
functors (everything else); (b) there are no grammatical

processes that involve quantification over functors.

4.1 The three-layers hypothesis.

Let us discuss claim (a) first. Jespersen (1 24 ch.
VIi) puts forth the idea that there are essentially three
"levels" of expressions in a grammar: (1) things that are
always arguments (which he calls "primary"), (2) things
that take primary elements as arguments (which he calls
"secondary") and (3) things that modify other things
(tertiary). Jespersen seems to be somewhat uncertain as
to whether to recognize further distinctions within this
third "level" (as we will be too -- see below). Now, what
is this a classification of? What is its motivation? The
hypothesis I wish to suggest is that it is a claim
concerning the logical types associated with syntactic

categories. As far as natural languages are concerned,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the structure of semantic universes is articulated in
three layers, which induces a tripartition on the set of
syntactic categories. In other words, syntactic cate-
gories group up in three natural classes determined by
their logical types. Claim (a) above amounts to saying
that there is no purely syntactic way to account for why
syntactic categories should form just this pattern: the
explanation lies in the way categories are related to
types.

Some preliminary evidence for this claim is provided

by nominalization phenomena: they can affect only

78

predicates (verbs, CNs, adjectives, etc.) and not functors

(determiners, adverbs, prepositions, etc.). However,

since this argument was used to motivate the system in the

first place, we would need some independent evidence to
really back it up. I think that such evidence can indeed
be found.

Consider first the fact that in natural languages
there are operations that manipulate the structure of
propositional functions. Arguments of a verb can, for
instance, be deleted (by argument drop), swapped around
(by passive) or added (by causativization). These
argument manipulating operations are usually morphologi-
cally marked: something happens to the syntax to signal
which alteration of argument structure has taken place.

priori one could conceive similar operations taking place

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

A



79

on functors. For instance, prepositions can be regarded
as 2-place functors: they take an NP (e.g. in + the park)
to give something which applied to a predicate (e.g. in
the park + run) yields another predicate (to run in the
park). An operation like, say, passive that swaps around
arguments is certainly no less conceivable, from a logical
point of view, for prepositions than for verbs. However,
operations of this sort are not attested, I would think,
universally. In general, there is no analogous argument
manipulating operations for things like adverbs, prepcsi-
tions or determiners. Our system might provide the
beginning of an explanation for this fact. Let us
illustrate it with an example. Consider causativization.
When we form the causative transform of a verb, we alter
its argument structure by adding an extra argument (e.g.:
a dog walks ~ John walked his dog, John keeps laughing n
Mary keeps John laughing, etc.). So causative morphology
(which in English can often be zero morphology, but in
most languages is overtly realized) applies to, say, a
l-place propositional function (an intransitive verb) and
gives us back a two-place propositional function. The
semantic counterpart of this operation will therefore be a
functor (call it CAUSE) that maps predicates into predi-
cates. Let us imagine that we had an analogon of causa-
tivization for, say, adverbs. We would then need a

functor CAUSE* mapping adverbs (i.e. l-place functors from
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properties into properties) into "causative adverbs"
(possibly prepositions, if they are regarded as suggested
by Jackendoff (1972) as "transitive" adverbs) as to have
alternations like slowly(X) & CAUSE*(slowly)(X)(Y). But
now since adverbs are functors, CAUSE* would have to be a
higher order functor that takes functors as inputs. But
this cannot be, since in IL, we have only third-order
functors. Our semantics cannot accomodate anything like
CAUSE*: it would not fit its three-layered type-theoretic
mold. Similar arguments might be constructed for passive,
argument drop, etc. So, it would seem that the lack of
argument manipulating operations for prepositions,
determiners, etc. may receive at least the beginning of a
principled explanation on thé hypothesis that the semantic
component of a grammar looks like a second order logic
with third order functional constants. Obviously such an
explanation would not be available on the basis of
Montague's IL, for there it is equally easy to define a
passive-like operation for any function (no matter which
type) as for verbs.

Perhaps, I should restate all this more cautiously.
IL, is not in principle incapable of expressing a higher
order functor (such as CAUSE* above). Any such functor
might always be added by some definitional extension. The
point is that as it is IL, makes no provisions for items

of this sort. Something special has to be done to the
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system in order to accomodate them. So, what IL, really
does is not to legislate once for all what might and what
might not exist; but it certainly provides at least a
markedness scale concerning what sort of items one might
expect to find in natural languages. Things requiring a
special definition are marked.

Let me try to forestall right away some of the
possible objections that might be raised to our hypo-
thesis. Consider the conjunction and. It doesn't fit
straightforwardly any of the logical types we are assum-
ing: the meaning of and is clearly neither an individual
nor a property, nor is it a simple functor (given that and
does not merely serve to conjoin sentences but items of
all major categories). So, something special has to be
done about it: our semantic must devise some special
operator to represent properly the meaning of natural
language conjunction. But the point is that a move of
this sort seems to be needed anyhow, on anybody's ac-
count.21 The cross-categorial character of natural
language conjunction, would seem to force us to treat it
differently from other non cross-categorial functors.
Furthermore, and has a universal character: every
language has some device for expressing conjunction and
its meaning tends to stay roughly constant across lan-
guages. Thus, treating conjunction as a special semantic

operator is not costly, because we can regard it as part
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of universal grammar, i.e. as part of a (possibly innate)
conceptual schema.
In natural lahguages there are functors (like almost,

even, only, very, etc.) that seem to be higher order

modifiers (i.e. seem able to modify other functors, e.g.

very slowly). On the basis of the preceding discussion of

how and is to be accomodated within our theory, we are led
to predict that these items should behave similarly to
conjunction. So, they should operate cross-categorially
and have a tendency to have the same universal semantic
content across languages.22 This seems to be roughly

right. Consider items like very or almost. They tend to

combine in English with expressions of most major cate-
gories (e.g. almost combines with adjectives (John is

almost right), verbs (John was almost elected), deter-

miners (almost every man), etc. Also it seems quite

plausible to expect that some item with the same function
as almost is attested in any language. But this is
exactly what would justify treating them as distinguished
operators, outside of the three-layers mold. Their
cross-categorial and tendentially universal character does
not make this move costly, for they can be provided for by
universal grammar. What would be costly would be a 4th
order functor (a functor that modifies other functors)
which is specific to certain categories (say, it applies

only to prepositions) and has a language particular
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semantic content. Special provisions would have to be
made in our.semantics to accomodate such an item.

We started off saying that higher order functors
cannot exist. We see now that this of course is not quite
righ;._»What our semantics aciually says is that any such
"functor" is expected to have certain characteristics
(cross-categoricity, universal semantic content) or else
is funny (i.e. a marked construction). 1IL, as a logical
form in a theory of grammar provides us with a markedness
scale concerning what sco.:ts of things can be expected to
be found among natural language meanings. Such a scale
leads us to make empirically testable predictions on the
structure of meaning and our preliminary considerations

seem to show that such predictions might be borne out.

4.2 The "no functor anaphora" constraint.

Let us now turn to a consideration of claim (b) made
above. Saying that there are no variables of a certain
logical type amounts to saying that we cannot refer to
arbitrary entities of that type. On the assumption that
anaphoric processes involve a capacity to refer to
arbitrary entities in a given domain (formally represented
by a notation with variables ranging over that domain) our
system predicts that functors do not enter anaphoric
processes in natural languages. Hence, we should expect

that processes such as pronominalization, VP-deletion,
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wh-movement etc. never involve determiners, prepositions,
adverbials, etc. It seems to me that there is something
basically right about this generalization. For instance,
in general determiners, prepositions, complementizers,
etc. do not undergo wh-movement and have no pro-forms.
Simila;ly there is no analogue of VP-deletion or one-~ana-
phora for these items. All such facts would receive a
rather simple and uniform semantic explanation within our
system.

Items that might constitute a serious problem for the
present hypothesis are obviously adverbs. Adverbs seem to
enter various anaphoric processes such as wh-movement or
comparative formation, and to have proforms (thus, so).
Maybe one simply has to allow for a theory that has
variables ranging over adverb-meanings and that our claim
(b) has to be weakened accordingly. But the simplicity of
the "no functor anaphora" constraint makes it rather
appealing, and I think it would be nice if one could
maintain it in its strongest possible form. Here is a
line of defense for it.

There are roughly two major classes of adverbials
that should be considered from the present perspective.
Adverbials of the first class have a "predicative counter-
part", i.e. a predicate to which they are semantically and
syntactically related. This is for instance the case for

most prepositional phrases. In the park is an adverbial
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in John runs in the park and a predicate in John is in the

park. One way of accounting for this might be to say that

in the park is primarily a predicate that is mapped into a

predicate modifier by applying to it some function (say,
the adverb-forming function NP AQ Ax[P(x) & Q(x)]).
Similarly, manner adverbials such as slowly have a
corresponding adjective, slow, from which they are
derived. Adverbials of the second class do not have

predicative counterparts. Examples are again, too, a lot,

almost, etc. For adverbs of the first class it would be
possible to treat anaphoric processes that involve them in
terms of their predicative counterparts (for which we do
have variables) by exploiting the independently needed
adverb-forming functions that the grammar makes available
(e.g. 1ly' or AP N Q@ Ax[P(x) & Q(x)]). Let me try to
clarify this by means of an example. Consider wh-movement
of adverbs. Let us assume, just for sake of discussion,
Karttunen's analysis of questions, according to which the
meaning of questions should be represented (roughly) as a
set of propositions (the set of "true answers"). On the
basis of this analysis we might represent something like
(59a~b) as in (60a-b):

(59) a. Where did John play?
b. How did John play?

(60) a. Ap3dP[p & "p = "H[AZAQAx[2(x) &

Q(x)J(P)(play')(3j)1]
b. Ap3P[p & “p = " H[ly'(P)(play')(3j)]]
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As you can see in (60) we quantify just over properties
"and we use then an appropriate adQerb-forming function to
build the corresponding adverb. So no directzquantifica-
tion on adverbs would be necessary. This example is meant
to be purely illustrative of é plausible strategy that we
might adopt to deal with anaphoric processes that seem to
involve adverbs.

Now, an approach along the preceding lines would make
an interesting, clear cut prediction. Adverbs that do not
have a predicative counterpart (i.e. adverbials of the
second class above) cannot be involved at all in anaphoric
processes, because there is no corresponding predicate to

quantify over. This means, e.g., that almost, again, too

etc. should not represent a possible answer to how-ques-
tions (i.e. should not be able to undergo wh-movement).
Similarly, they should not enter comparative formation or
act as the antecedent of proforms like thus or so. This
seems to be correct.

So there seems to be some evidence that the "no
functor anaphora" constraint might be right. By dis-
allowing direct quantificational reference to functors, we
are forced to cast what looks like functor anaphora as
predicate anaphora in disguise. This apparently strange
move, however, seems to shed some light on why just a

certain, special class of functors (i.e. adverbials with
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predicative counterparts) rather than other conceivable
classes display anaphoric tendencies.

A possible problem for the above line of explanation
might be represented by time and degree modifiers (for two

days, at a faster speed, etc.). They can be wh-moved

(when, how fast, etc.) and can be antecedents of proforms

(that, so), but do not seem to always have natural
predicative counterparts, e.g.:

{(61) a. ?? the trip was at a fast speed
b. ? the trip was for two days

The point in this case is, however, that independent
considerations seem to show that we have got to have times

and degrees among our individuals. Consider for instance:

(62) a. the time of his arrival is June 15
b. John's height is amazing

What do the referring NPs the time of his arrival and

John's height refer to? Whatever analysis we wish to put

forward for times and degrees they will have to be, it
seems, in our domain of individuals. Hence we can simply
use individual level quantification to deal with anaphoric
processes whicﬂ involve them.

In conclusion, the no functor anaphora constraint
seem able to account not only for the impossibility of
certain logically conceivable anaphoric relations (e.g.
the lack of wh-phenomena for prepositions, determiners,

complementizers and the like) but also for why other
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anaphoric relations involving functors (some adverbials,
degree modifiers) are instead possible. It is clear that
no comparable explanation would be available within
Montague's IL, where we have variables for (and can

quantify over) any logical type whatsoever.

4.3. Logical types vs. semantic sorts.

The preceding considerations are preliminary and
speculative to a large extent. Actually testing the
adequacy of the three-layers hypothesis and the no functor
anaphora constraint will require a lot of work. But what
is interesting is that we are led to these claims on the
basis of a semantic theory of properties which has been
motivated on totally independent grounds (nominalization
and weak intensionality). Such a theory directs us
towards a restrictive and a priori unlikely hypothesis on
the structure of natural language semantics which,
strikingly, seems to make a number of correct predictions
(and thereby provides an interesting explanatory model).
In the next chapters we will discuss a number of other
predictions that derive from the present semantic theory,
which we hope to convince the reader are less speculative.

We have achieved this by drastically cutting down the
number of logical types to be employed in a semantics for
natural languages. In Montague's system there was a

fairly unstructured set of basic entities (the set De)
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all the "structural" aspects of meanings where represented
in terms of logical types. We have tried to argue that
this approach runs into serious problems.

A logically conceivable alternative would be to make
a move similar to the one made in shifting from type
theory to set theory in mathematical logic. We could get
rid of types altogether by having a richly structured
domain, similar to the domain of set theory. We could
also explicitly sort out the domain of individuals (by
using a many sorted logic) to make sure that we have all
the entities we may need. Along such lines it would be
possible to do natural language semantics in terms of a
first order language. Below we will consider this
possibility in more detail, and point out some problems it
runs into. A view similar to this is for example adopted
in Chierchia (1982, 1983). Even though the theory adopted
there is also an application of Cocchiarella's HST*, the
"intended" interpretation of the nominalization function
which was explicitly assumed was that such a function is
just the identity map. This interpretation, however can
arise only in very special marked circumstances (see the
discussion in Chierchia 1982, pp. 321-323).

Between these two extremes (all the possible types -
no types) there are many intermediate solutions. One of
them is the one we are exploring here. According to it

certain aspects of meaning, those that pertain to predica-
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tion and predicate modification, should be handled as
differences in logical types. Other relevant semantic
distinctions should instead be handled by sorting out the
domain of individuals, as we will see in subsequent
discussion. We are defending here the idea that natural
languages use exactly three logical types. Whether or not
we succeed in making a convincing defense, the present
work should be able to show that constraining Montague's
type theory is a necessary and rewarding enterprise, and
that there are interesting empirical issues that can be

seen in a new light from this perspective.

5. Some Comparisons.

We will now consider some of the many alternatives to
Montague's theories of properties and try to compare them
with the one we adopt. A detailed consideration of all of
them would take us too far afield. So the following
considerations will have to be to a large extent prelim-
inary and informal. We will first consider approaches
that essenti