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On Complex Plural Noun Phrases*

Jaap van der Does

ILLC Department of Philosophy
University of Amsterdam

1 Introduction

In the analysis of natural language, linguists and philosophers have been led
to postulate ever richer ontology’s which enable one to quantify over points
or periods of times, situations, events, information states, among other things.
A reasonable test for such proposals is to determine whether they can handle
some major types of expression in a principled way. From the point of view of
quantification theory, in particular, the question arises of whether or not they
allow systematic generalizations of the knowledge obtained under the simplify-
ing assumption that only individuals exist.

Van der Does 1993 gives a positive answer to this question for the case where
collections of individuals are available. In such a context one is able to treat
the collective reading of sentences like:

(1)  Three musicians played a trio

However, the NPs considered in this article were all of a simple form. I now
aim to show that the results obtained generalize to the cases where an NP has
multiple Ns as heads, is a complex definite, or is a partitive.

What kind of question presents itself here? In regard to multiply-headed
NPs, the first question is whether the phenomenon is present at all. Are there
any other readings than the familiar distributive one? And if so, which ones?
We should also look for new variants of constraints such as conservativity, etc.
(cf. Westerstahl 1989 for an overview). This topic is addressed in section 2. As
we shall see, this more general setting forces us to reconsider the treatment of
collective and other readings. '

In section 3, I give three liftings to embed a multiple-headed determiner
from the ‘standard’ atomic semantics into a collective one (along the lines of
Van Benthem 1991, 67-68). The liftings correspond to the distributive, the
collective and the neutral reading of a determiner. In contrast with Van der

*I would like to thank Johan van Benthem, Christopher Pifién, Makoto Kanazawa, Remko
Scha, Barry Schein, Martijn Spaan, Henk Verkuyl, Dag Westerstdhl and Ede Zimmerman for
the many discussions on this topic. The final substantially revised version of this article was
written at the Research Institute for Language and Speech OTS, University of Utrecht. This
work is partly supported by ESPRIT Basic Research Actions 3175 and 6852 (DYANA).



Does 1993 these liftings are strongly contextualized. The collective reading,
in particular, now gets a referential rather than a quantificational treatment
(cf. Lgnning 1987). Using such notions as general applicability, maximality,
and logical strength, I argue that the referential collective reading has much to
recommend it. It is also shown that the distributive and the neutral reading of
an NP cannot be reduced to its collective reading by means of VP modification.

Complex definite and partitive NPs are another source of challenges. In
section 4, I first aim to develop the semantics of these NPs compositionally
within the familiar atomic setting. Next I show how the insights obtained in
section 3 can be applied here as well.

In section 5, the neutral reading of definite NPs will play a special réle.
As is well-known, even simple sentences containing definites may differ widely
in logical form, although their syntactic structure is identical (cf. Langendoen
1978, Scha 1981, Roberts 1987, among others). I discuss these issues in some
detail. It will appear that the neutral cumulative reading—defined in Van der
Does 1993 for independent reasons—gives a satisfactory semantics for some
problematic cases.

The appendix discusses basic assumptions and notational conventions, and
has a few remarks on the framework in which this research is carried out.

In sum, these are the main themes in my study of the semantics of complex
plural NPs:

e Which readings do sentences involving complex plural NPs have in a col-
lective environment?

e Are there general recipes to model these readings by embedding their
‘standard’ denotations into this richer environment?

In Van der Does 1993 some general recipes are given, so that if an NP has
a particular reading it can be obtained via the recipe corresponding to that
reading. In this article it is shown that the same is true in regard to complex
plural NPs. As a bonus, the following questions are made precise: what is
the class of quantifiers associated with a reading, and can these classes be
characterized in terms of quantifier properties? Answers to these questions
have to be left for future research.

2 Multiply-headed Noun Phrases

In this section, I discuss the collective and other readings of sentences with
multiply-headed noun phrases. By way of introduction, I first consider a few
sentences with simple NPs. Some observations on the distributive and neutral
readings of sentences with multiply-headed NPs follow, and then some on the
collective readings of such sentences. It is shown that such NPs do not allow a
straightforward generalization of the quantificational treatment of the collective
reading. This is interesting, for it has been proposed that the neutral reading
could be reduced to this reading. In general, this is not so. Alternatively, it
suggests that another treatment of the collective reading is more proficient.



This issue is developed further in section 3, where the information given here
is used to arrive at a uniform method to generate the readings.

2.1 Simple Noun Phrases: a First Step

Sentences like (2a—c), which only involve single-headed NPs, have been studied
extensively in Van der Does 1993. I limit myself here to stating their most
prominent readings and introducing some minor variations in the way they are
formalized.

(2) a. Some musicians played a solo
b. Four musicians played a quartet
c. Most pianists played a quartet somewhere in Salzburg

Abbreviating nouns and verb phrases in a self-explanatory fashion, (3a—c) shows
the most plausible readings of (2a—c), i.e., a distributive, collective, and neutral
reading respectively:

3) a. |[M]nat([Pc])|>2
b. 3Z[|Z| =4 A Z € [Pq] N p([M])]

c. [UPaD) N [P]I > [U([Pa]) N [P]]

Here X is the complement of X. In stating the truthconditions, some care is
taken to use the determiner denotations in type et.ett as much as possible. To
do so, one has to employ operations that transform the VP-denotation, possibly
restricted to an N-extension, from type ett to et. In particular, the distributive
and the neutral reading of (2a,c), as given in (3a,c), use the operations at and
union for this purpose. The operation at, the extensional core of Montague’s
to be, is defined by:!

at := AX\y.X(Az.z = y)

Given a property of collections P, at(P) is the set of individuals which occur
in a singleton that has P. Similarly, |JP yields the set of individuals that are
members of a collection C, of whatever size, that has P. Note that the collec-
tive reading applies a converse to the transformations used in the distributive
and neutral readings. The powerset operator, here of type et.ett, lifts the N-
extension so that it may restrict the VP. It might appear as if the collective
reading in (3b) cannot be formulated in terms of the standard determiner de-
notation. In section 3 I will show that this is in fact possible.

Now that the notions used in stating the truthconditions are explained,
they speak for themselves. This is not to say that there is consensus as to the
intuitions they try to capture. In particular, the neutral reading has been the
topic of some debate (cf. Gillon 1987, 1990; Lasersohn 1989; Lgnning 1991; Van

Tn Van der Does 1993, I opt for shifting the N denotation from et to ett in order to make
it fit the VP extension. To this end I used Scha’s AT operator defined by:

AT:=AX)Y. Y C X AlY|=1

One has: at o AT = id.; and AT o at = AY. Y N AT(D.).



der Does 1992, 1993; Verkuyl 1992). I do not repeat the arguments pro and
con, but refer to Van der Does (1992, 49-55, 81-83) for an overview.
Next, we have a look at the different readings of multiple-headed NPs.

2.2 Distributive and Neutral Readings

The DETSs occurring in (2a—c) are single-headed ones which ask for an N to
form an NP. The NPs in (4a—c) are more complex. They can be analysed as
formed from a discontinuous DET applied to two Ns.

(4) a. Twelve students but fewer teachers played guitar
b. Most boys and girls bought a parasol
c. More students than teachers walked

On the multiple-headed view, the denotations of these DETs are:

(5)  Twelve ... but fewer ...
ANAN'AVP. NN VP|=12A|N'n VP| < 12
Most ... and ...
ANAN'AVP. |(NUN')N VP| > |(NUN")N VP|
More ... than ...
ANAN'AVP. NN VP| > |N'n VP|

The analyses (5a—c) are used in this article but they are not the only ones
possible. For instance, the DET twelve ... but fewer ... could also be analysed
as a conjunction of the DETs twelve and fewer, where the latter is linked
anaphorically to the former. And the DET most ... and ... could also be seen
as compounded from the single-headed DET most applied to the complex noun
N and N’ conjoined in a non-Boolean fashion. Even the DET more ... than
... has alternative analyses, involving a coordination of some sort (cf. Hendriks
1992).

Keenan (1987) has arguments in favour of the multiple head analysis of the
NPs in (4). He observes that the selectional restrictions of these NPs and the
readings induced by nominal modifiers accords best with this analysis. The
same holds for their conservativity behaviour. In particular, the NP in (4c)
cannot be obtained from the DET More students than and the N teachers,
or from the DET More ... than teachers and the N students. Conservativity
would then require that (4c) is equivalent to either (6a) or (6b), which it is not:

(6) a. More students than teachers are teachers who walked
b. More students than teachers are students who walked

Along these lines, some further support for the multiple head analysis can be
given by looking at the semantical behaviour of the NPs (5a—c) with regard to
collective VPs.

Sentence (7) shows that non-distributive readings are not confined to sen-
tences with simple NPs. Now, if the NP twelve students but fewer teachers were
a conjunction of two single-headed NPs, one would expect the Ns to restrict
the VP each for themselves. Whereas if it were a genuine double-headed NP,
a simultaneous restriction by both Ns should also be possible. Although such



differences cannot be detected in case of the distributive reading (7a) of (7),
they do show up in case of the alternatives for its neutral reading, given in

(7b-c).

(7)  Twelve students but fewer teachers assembled some cars

distributive reading
a. |at([Ac])N[S]| =12 A |at([Ac]) N [T]| < 12
options for neutral reading
b. [U(TACI N p(ISD)| = 12 A |U([A] N p([T1)] < 12
. [U([Ac] np([STUITD) N[S]| =12 A

| U(A] n o(ISTUTTD) N [TD)] < 12
d. [U([AD) N [S]1 = 12 A [U([Ac) N[T]] < 12

On the neutral reading of (7), one is interested in the students, teachers, and
perhaps others who partake in assembling some cars, and then to compare the
‘relevant’ students with the ‘relevant’ teachers. In making this precise, one has
to ask whether attention is restricted to collections of only students and only
teachers, as in (7b), or to collections of only students and teachers, as in (7c),
or to collections that contain other things besides, as in (7d). An answer to
this question will point to ways in which the familiar notion of conservativity
may be generalized.

CONS DN;...N,VP & DN;...N,VPNU;N;

Although the data resist to be stretched as we please, they are, as always,
elastic rather than rigid. Yet I would say that when overtly modified, as in (8),
the most generous option (7d) is to be preferred.

(8)  Twelve students but fewer teachers compiled some cars,
alone or with others

Without such modification it seems more natural to have (7c), where the VP
is restricted to collections that consist only of students and teachers. But on
the neutral use of (7) I think the restriction to collections of only students and
only teachers in (7b) does not occur. However, in case of (9) the judgments are
the other way around (Scha, p.c.).

(9)  More nightwalkers than daytrippers joined forces
distributive reading
a. [at([Wb]) N [N]| > |at([Wb]) n [D]
options for neutral reading
b, [U(IWD] N (INJ)| > | U(TWB] 1 p([DI))|
¢ [U(IWD] N o(IN] U [D)) N [N|
> [U(IWb] n o([N] U [D])) N [D])|
d. [UIWDB]) N IN]| > [UCTWB]) n D]

Here, the restriction to collections of just nightwalkers and just daytrippers in
(9b) is preferred. Still the question is whether (7b,c) and (9b,c) should be seen
as different readings of (7) and (9), respectively. I would not favour this. If
temporal or contextual information is taken into account, the ‘c’-reading could



in both cases be opted for. Then, the predicate to join forces in (9) does not
contain mixed collections of nightwalkers and daytrippers, which renders (9b,c)
equivalent. (The status of the ‘d’-readings is discussed in section 3.)

What (7-9) suggest is that there are at least four forms of conservativ-
ity for multiply-headed NPs. Depending on the reading of the determiner,
DN; ...N,VP could be equivalent to either of (10a-d).

(10) DNy ...N, U(VP N AT(U;(N;)))
DNy ... N, U(VP nU; p(N;))
DNy ...Np U(VP N p(U; Ni))

DN;..N.{Y |IX e VP:Y = X nU; N;}

iR R

If (9b) is reduced to (9¢) in the way indicated above, conservativity (10b) would
not occur separately.

It should be noted that the restriction of groups in conservativity (10c) is
not easily available if the NPs in (7-9) are coordinations of some sort. Then the
noun extensions are no longer available when the NPs are combined to form a
complex NP. But the restriction is natural if the NPs are multiple-headed.

2.3 Collective Readings

A collective reading attributes a property to a collection which cannot be re-
duced to properties of individuals (atoms). The predication in (2b) as given
by (3b) is of that kind. Now the question is whether the collective reading
occurs for sentences with multiple-headed NPs. Here I argue that it does, but
apparently not in the quantified form of (3b). To make my point, I use (11)
as a prototypical case. In (1la-d), I have listed the four options for its col-
lective reading which seem most reasonable. For different reasons they are all
inadequate.

(11) More students than teachers went to the bar together
a. 3X C [SJAY C [TIX|> [¥] A[WD](X) A [Wb](Y)]
b. 3X C [SJU[T]X N[S]| > [X N [T]| A [Wb](X)]
¢. VX C[S]VY C [T][[Wb)(X) A [WD](Y) = |X]| > |Y]]
d. VX C [SJU[T][[Wb])(X) = |X n[S]| > |X n[T]]

To see why these proposals will not do, I sketch some minimal situations with
respect to which they yield counterintuitive results.

Ad. (11a) Suppose there are five students and five teachers, and that these
students and teachers can both be partitioned into a pair and a triple so that
all four collections went to the bar together. Then (11a) would be true. But
on the same reading so would (12).

(12) More teachers than students went to the bar together

This is counterintuitive, for (11a) and (12) are contraries. In fact, the context
sketched should make them false. As intuition would have it, there are as many
students as teachers who went to the bar together in this situation.



Ad. (11b) Imagine a situation in which there are three students—sj, s, and
ss—and three teachers—tq, to, and t3—such that sy, s, and t3 went to the bar
together, and so did t;, t2, and s3. Then (11b) would make this situation verify
the two contraries (11) and (12), which it should not.

Ad. (11c) Suppose that there are three students who went to the bar to-
gether, and four teachers forming two pairs each going to the bar together.
Now (11c) would be true. However, it is more natural here to hold that more
teachers than students went to the bar together.

Ad. (11d) This formula would be false in the circumstance that there is at
least one collection of just teachers that went to the bar together. Of course,
this requirement is much too strict.

What these counterexamples suggest is that for the truth of (11) one is
interested in the mazimal number of students and teachers of the relevant kind.
I see three ways in which maximality can be taken into account.

The first option is to quantify over the maximal elements in a predicate and
is discussed in section 3.

A second option would be to use a neutral reading combined with the mod-
ifier 7 (i.e., a simplified denotation of together). This modifier yields the set of
non-atomic collections satisfying a predicate.

= AXANYXY)A|Y|>1)
Then one would have, for instance:

(13) a. More students than teachers went to the bar together
b [U(r(IWb]) N p([S] U [T])) N [S]|
> [U(r(IWB])) N e([STU [T]) N [T]|

In words, the students which occurred in a (non-atomic) collection of just stu-
dents and teachers that went to the bar together outnumber the teachers which
occurred in such a collection. Maximality is now taken care of by taking the
union of the relevant sets. Note, too, that the truthconditions given by (13b)
accord with the intuitions given in the discussion of (11a—d).

A third option would be to introduce a referential collective reading. This
has been suggested by Van Benthem (1986, 53), among others. The idea is
that (11) describes contextually given sets of students and teachers. It could
be formalized as follows:

(14) [S]n €| > [[T]n CIATWBI([SI n C) A [WD([T] N C)



Again we have a form of maximality. In the context C, [S]N C and [T]N C
are the maximal sets of students and teachers, respectively.?

This finishes my discussion of multiply-headed NPs in a collective environment.
The observations are summarized as follows:

1. In a collective setting, distributive, collective, and neutral readings of
sentences with multiply-headed NPs occur.

2. The conservativity behaviour of the NPs accords better with the multiply-
headed analysis than with the ‘conjunctive’ alternatives.

3. None of the putative collective readings which quantify over collections
are available.

As in the single-headed case, not all multiple head NPs allow all readings.
Still one is left with the impression that each reading can be obtained in a
systematic manner for the multiply-headed NPs that have it. Using the tech-
niques promoted in Van Benthem 1991, the next section shows this impression
is justified.

3 Three Readings, Three Liftings

In this section the observations made previously are incorporated into three
liftings: one lifting for the distributive reading, one for the collective reading,
and one for the neutral reading. The definition of the liftings is followed by a
discussion of some alternatives.

The strategy opted for here is to let the liftings work on determiners. For
intuitive and other reasons, semanticists have also used what might be called a
VP strategy (Link 1984, Roberts 1987, Lgnning 1987, among others). Then the
collective reading of a determiner is taken as the basic case from which other
readings result by means of VP modification. Using such notions as general
applicability, maximality, and logical strength, I argue that the truthconditions
which result within this strategy are not always the ones we are after.

3.1 Contextualized Liftings

The discussion in section 2 leads to the following liftings for determiners with
n heads (the initial string of abstractions AC ...CpADAX; ... X}. is omitted).

(15) D DXiNCyp... XnnChat(Y)
N DX;NnCy ... XanCulU(Y N p(Ui(X;NCY)))

2In case the non-Boolean conjunction of NPs is seen as involving a discontinuous multiple-
headed determiner, there would also be a ‘mixed’ collective option. In particular, one could
define, e.g., Two ... and three ... as denoting:

AXYZ. |[XNnZ|=2 AlYNZ|=3

Then the lifting: DXYCAZ((XUY)NC) with C a context set would give Two students and
three teachers went to the bar together its appropriate meaning:
[ISIn ¢l =2A|[T]N C| =3 ATWB](([S]u [T]) N C).



At a conceptual level, the liftings are based on three positions which we seem to
take in describing collections. In general, we either describe ‘plain’ individuals
(D), or genuine collections (C), or—less frequently—individuals which take part
in collections (N).

The liftings given here differ from those in Van der Does 1993 in the use
of context sets (cf. Westerstahl 1984). As presented, the liftings are much
like Kaplanian characters: they yield denotations as soon as the contextual
information has been supplied. In (15), the most general form is given, where
the context set varies per noun argument. Below, I often assume for simplicity
that the context is uniform over all arguments.

Another difference with Van der Does 1993 is that the collective reading
is referential, not quantificational. This models a suggestion by Van Benthem
(1986, 53). It is also reminiscent of the way in which Lgnning (1987) uses terms
to give NP denotations. The impact of the difference between the referential
and the quantificational treatment of collective readings is discussed shortly.
Since most of the differences are already present in case of simple single-headed
NPs, I mainly restrict myself to those.

3.2 Some Alternative Options

Now I aim to show that the liftings in (15) give much what is desired by com-
paring them with some alternatives. The options are evaluated by means of
three interconnected criteria:

e whether or not their use should be restricted to a particular kind of de-
terminer;

e whether they make use of maximal or minimal elements in the VP when-
ever required;

o whether they have the proper logical strength.

First I discuss the collective reading, then the distributive reading, then the
neutral reading. A summary of the findings follows.

Collective readings The collective reading C is crucially different from its
quantificational variant, which is considered most often in the literature. In case
of single-headed determiners, the liftings corresponding to the quantificational
readings are:

(16) E 3ZC X[Y(Z)ADXZ]
U VZC X[Y(Z)= DXZ]

There are several observations which tell against the liftings in (16). Firstly,
it is observed in section 2.3 that there is no straightforward generalization of the
quantificational variant to the multiple head case. Of course, a more involved
variant might exist. But since the simple lifting C works as well, it will be
preferred. Secondly, the use of the liftings E and U should be restricted to
determiners of a particular kind (cf. Van Benthem 1986, 52; Lgnning 1987, 205;
Van der Does 1993). To be precise, E only works as required in case of MONT



determiners, and its dual U only in case of MON| determiners. Non-monotonic
determiners are often treated by means of E. This is not entirely satisfactory,
for then a sentence like (17a) comes close to meaning (17b).3

(17) a. Exactly three men joined forces
b. At least three men joined forces

The reason is that E allows the existence of several collections of three men
who joined forces. Thirdly, E and U do not capture an intuition of maximality:
the collection which is said to exist need not be the largest one of the relevant
kind. It is not clear whether such maximality is required in case of collective
readings (but see, e.g., the notion of kolkhoz-collectivity argued for by Verkuyl,
this volume). The distributive and the neutral reading, however, do require a
kind of maximizing. And it has been suggested that these readings should be
obtained from E and U.

The issue of maximization and quantification is an interesting one.* For our
present purposes, a first option to consider would be to restrict the quantifica-
tion in E over the maximal elements in the VP. To this end one introduces the
operator MAX:

(18) MAX = AXAY(X(Y)A-3IZDY[X(Z)NZ #Y])
The maximized version ET of E is now given by (19):
(19) Et 3Z C X[MAX(Y)(Z)A DX Z]

In my opinion, E* does not offer much over and above the logically weaker E.
Since the collective ET still leaves room for multiple maximal sets, the unde-
sirable meaning shift from (17a) towards (17b) remains. To exclude multiple
maximal sets, one could opt for an even stronger variant of E*, which requires
there to be exactly one such maximal set. In effect, this is what the referential
collective reading does. E.g., the use of C makes (17a) mean:

(20) |IM]NC|=3A[H(M]NC)

Clearly, [M] N C is the unique maximal set of men in context C.

Another intuition concerning collective sentences is that they should pre-
clude subcollections of a collection described to have the property given by the
VP. In case of (17a) this amounts to requiring that there should be no subsets
of the set of contextually given men which joined forces in the same context.
In order to obtain this reading, one should use MIN, i.e., the dual of MAX:®

(21) MIN := AXAY(X(Y)A-3Z CY[X(Z)AZ #Y))

The minimized version C~ of C is defined as follows:

3They are equivalent if the VP is closed under subsets.

*This issue is also raised by Szabolcsi 1981. Sher 1990 and Spaan 1993 discuss the topic
with respect to branching quantification. Cf. also Verkuyl’s discussion on totalization in this
volume.

SMIN is an extensional version of the exhaustivization operator used by Groenendijk and
Stokhof (1984, 299) in their analysis of wh-complements. They apply the operator to quanti-
fiers rather than to verb phrases.
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(22) €~ := ADAXAY.C(D)(X)(MIN(Y))
= ADMXAY.D(XNC)(C)AMIN(Y)X NC)

The lifting C~ gives (17a) the meaning:
(23) |[M]NC|=3AMIN(I(M]NC)

In words, the set of men in context C is the unique set of men in that con-
text which joined forces. This models Verkuyl’s kolkhoz-collectivity (cf. this
volume).

It should be observed that C, like E, still makes a lifted determiner MON1
in its second argument. Perhaps this is as it should be as soon as a particular
collection referred tois described. Still, it seems odd to be able to derive Fzactly
three men joined forces or drank tea together from Fzactly three men joined
forces. Even in case of the collective reading one is inclined to assume that the
monotonicity behaviour of the determiner is quite like that on its distributive
use. The lifting C~ blocks the inference, since it destroys the monotonicity
pattern of a determiner. Which treatment is to be preferred, if any, has to be
left for further study.

Distributive readings Rephrased in terms of the present system, Link 1984
suggests to obtain the distributive reading of a sentence by means of the lifting
E combined with the distribution operator §. When viewed as a determiner
lifting, this yields Eg:

(24) 6§ AXAVAT(Y)CX
Es ADXY.E(D)(X)(5(Y))

In Van der Does 1993 I argued against this strategy. On a distributive reading, it
is expected that the determiner has its familiar monotonicity behaviour. Since E
creates right upward monotonicity, its use is inadequate when applied to MON |
determiners. But such determiners often favour a distributive reading. Besides,
on the distributive reading one is interested in determining the elements of the
maximal set of noun atoms in the VP. The lifting D captures this maximality,
while Es does not. The maximality of D can be seen most clearly in (25), which
is equivalent to D on the conservative determiners.

(25) DXy ... X J(Y NAT(|J X))

The second argument of (25) contains the sum of all relevant atoms, and this
is the maximal set we are after. That the required maximality is absent in case
of Es can be seen by means of (26):

(26) Exactly six pianists bought a keyboard each
D J|at([BK])n[PInC|=6
Es 3Z C[PInC[6([Bk])(Z2) A |Z| = 6]
& 37 C at([Bk])n [P]n C[|Z] = 6]

11



In the context reported on, the number of pianists who bought a keyboard
should be exactly six—as for D—but Es allows there to be more.

In a reaction to an earlier version of Van der Does 1993, Lgnning (1991,
50) suggests that the problems noted for Es might be overcome if we take the
concepts of topic and focus seriously. The issue is taken up by Scha (1991, 56),
who holds that a combination of maximization and distribution would solve the
problems. Following up on Szabolcsi 1981, he reserves Es(six) for the unfocused
use of siz and Mg for its focused use:

(27) My AXY.max({n | E(n)(X)(6(Y))})=m
Mg max({n | E(n)([P])(§([BK]))}) = 6
& D(six)([P)([BK])

Scha’s proposal is attractive. In fact, My is equivalent to D(n) for all n. It is
not entirely clear, though, how his strategy generalizes to include non-numerical
determiners. Retaining the idea to use maximization together with distribu-
tion, an alternative would be to maximize the distributed VP rather than the
numeral. Indeed, if MAX is used in this way an equivalent of the lifting D
results:

(28) Ef 37 C XIMAX(8(Y))(Z)ADXZ)
< DXat(Y)

This is because at(Y) is the unique maximal element in §('Y).® The observation
also has a bearing on the question whether or not a distributive reading can be
obtained via a VP strategy. The equivalence in (28) shows that this reading
can result from VP modification as soon as the collective reading of an NP is
given by E*.7 We shall see shortly that such a reduction is still unavailable for
the neutral reading.

The above reduction works, since the quantificational E* is used to model
collective readings. The situation is different for the referential variant C. E.g.,
the referential distributive reading of (29a) is (29b), while (29c) is that of (29d):

Some men walk
[IM]NC|>2A[M]NC C at([W])
All men walk

IM]NnC CCA[M]NC Cat([W])
< [M]NnC Cat([W])

(29)

e T

Note that (29a) implies (29c). For some as for other determiners this implica-
tion is undesirable. In fact, one normally uses (29a) whenever the information
to use (29c¢) is lacking. That is, in using (29a) there is often a scalar implicature
that (29c) is not the case. Consequently, if the referential collective reading is
preferred to the quantificational one, the distributive reading is better treated
by means of D. On that reading the implication is absent.

6Using a different notion of maximization Martin van den Berg (p.c.) makes a similar point
with respect to the lifting D; and N in Van der Does 1993. Other than the present ones,
these liftings presume determiners to be conservative.

"In Van der Does 1993, where I discussed the problems for the VP-strategy, I did not
consider this possibility.
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Neutral readings The neutral reading of a sentence should determine pre-
cisely which noun individuals occur in a collection having VP. E.g., in using
(30) one is interested in the exact number of drums which took part in the joint
production of a warsignal.

(30) Exactly six drums signalled ‘War!’ together

N N([six])([DI)([Sw])
< [U(ISw] ne([D]))| = 6
The most prominent situation associated with (30) is that in which one group of
six drums jointly signalled ‘War!” But there is another less prominent use of this
sentence which reports on the total number of drums involved in producing such
a signal. Then, the predicate to signal ‘War!’ together need not be assigned to
just one group. Different groups may be involved, which do not form a unity at
all from the perspective from which they are described. The precision required
in such a description is given by N.

The lifting N is applied to determiners, not to verb phrases. So the semanti-
cists who prefer the VP strategy will ask whether this reading can be obtained
by means of VP modification. To this end, one could consider to introduce the
operation 7* of type et(ett.ett).

(31) 7 = AXYZ.ZCU(YnNp(X))
EfY. = ADXY.EF(D)(X)(r%(Y))

The composition of 7* with the lifting E* defined in (19) yields the lifting
Etf.. EX is equivalent to N, since J(Y N p(X)) is the only maximal element
in 7%(Y). Still, for the VP strategy this attempt is not fully successful. The
operation 7* gives a VP modifier whenever it is supplied an N extension from
the NP in [ NP VP]. But in a compositional semantics this extension is not
yet available when the VP is processed. By contrast, if the VP modification is
made part of the determiner denotation the problem does not arise.

The VP strategy could try another route by introducing a VP modifier which
is as independent of noun extensions as § is. E.g., it could use the operator 7

of type ett.ett.

(32) = = MXYYcCUX
Ef := ADXY.E¥(D)(X)(r(Y))
N* = ADXY.D(X)UY)

Clearly, if E} yields a defensible neutral reading the VP strategy works for that
readings as well. To see whether it does, we first observe that [JY is the unique
element in MAX(7(Y)) so that E} is equivalent to N*. Secondly, we note that
N* has an attractive feature which N lacks; namely, it also takes account of
collections with elements that do not belong to the noun extension. More in
particular, if N(six) is used in the meaning of (30), it cannot describe the drums
which made the signals together with other instruments. When N7 (six) is used,
such a description is possible.

(33) Exactly six drums signalled ‘War!’ together
N+ N*([six])([DI)([Sw])
& [U([Sw])n [D]] =6
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Unfortunately, NT is too weak and hence offers no solution for the VP strategy.
To be precise, (34) should be false if each drum forms the modest rhythm section
of six overwhelming groups of piccolos. But only N makes it false then:

(34) Exactly six drums produced a lot of noise
N JU([Pn] N p([D]))] = 6
N* JU([Pn])n[D]| = 6

A way to circumvent the issue is to assume that relative to a description such
mixed collections are not relevant at all. Although (34) should not preclude
mixed groups of instruments, it can be maintained that for its truth only drums
matter. Whenever the predicate to produce a lot of noise holds of mixed col-
lections of drums and piccolos, there should also be a subgroup of just drums
with this property if (34) is to be true. Then, N gives what is required after all.

To summarize, there are three sensible embeddings of multiple-headed de-
terminers into a collective environment. They are based on the ways in which
collections figure in our descriptions: as atoms (D), as genuine collections (C),
or as atoms partaking in a collection (N). I have considered some alternatives of
these readings. But they are either not general enough (E, Es), or they do not
capture a relevant notion of maximality (E, Es), or they are logically to weak
(N*). In the course of this discussion it emerged that if the maximized ET is
used for the collective reading of single-headed NPs, the distributive reading D
could be obtained via VP modification. This is not so for the neutral reading N.
VP modification does not give the appropriate distributive and neutral reading
if the collective reading is treated referentially. But only this collective reading
seems to generalize to multiple headed NPs in a straightforward way. I con-
clude that for the sentences considered the NP is the best place to generate the
readings. That is, if an NP allows for a particular reading it can be obtained
via the corresponding lifting.

This ends the discussion on readings. Among other things, the next section
shows that the liftings can also be used to give the semantics of complex definite
NPs and partitive NPs in a collective setting.

4 Definite and Partitive Noun Phrases

Until now, the only complex NPs considered are the multiply-headed ones. But
of course there are also definite NPs besides NPs of different kinds of complexity.
These too may occur in sentences with collective and other readings. To indicate
the power of the present approach, I show in this section that the insights
obtained thus far can be extended to complex definite NPs and to partitives.

4.1 Complex Definites

Now, I pay attention to the semantics of NPs such as the boys and these many
proofs within the standard ‘atomic’ models. Following up on Verkuyl and Van
der Does (1991), Verkuyl (1993b), Westerstahl (1984, 1989), I try to account

for these NPs in a compositional manner. I aim to give denotations which
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(partly) explain the distribution within these phrases. The techniques used
here are familiar within generalized quantifier theory. This section ends with
showing how the denotations proposed can de embedded within a collective
environment.

In generalized quantifier theory definite NPs are prime examples of con-
text dependent expressions. For instance, the differences between (35a—c) are
captured in terms of Westerstahl’s contexts sets.

(35) a. [np [det the] [n proof]]
b. [np [det this] [n proof]]
¢. [np [det those] [ proof]]

Disregarding number, the denotations of the, this, that, these, and those are
all of the same form.®

(36) ACXY.XNCCY

These determiners differ at most with respect to the set C' provided by the
context.

It is a distinctive feature of definite determiners that they may be followed
by a numeral such as many, few, one, ....

(37) a. these many proofs

b. [ap [det these] [n [oq; many] [n proofs]]]
. [np [det [det these] [mod many]] [ proofs]]

There has been some debate on the precise structure of these noun phrases.
Sometimes the numerals are treated as adjectives which form complex nouns
(cf., 37b). But it has also been suggested that the numeral modifies the de-
terminer so as to yield a complex determiner (cf., 37c). In both cases it seems
natural to see the modifiers as derived from the denotation of two in type
et.ett, if only to highlight the close ties of this use of numerals with their use
as determiners. The operations in (38) accomplish this.

(38) A = ADMX.XNAz.D(X)(T)
M ADD'AXY.D'(X N Az.D(ND'(X))(T))(Y)

Here T is a constant of type et which denotes the domain D.. Note that the
operation A of type (et.ett)(et.et) transforms a determiner denotation into an
intersective adjective (i.e., a noun modifier). By contrast, the more complex M
of type et.ett((et.ett)(et.ett)) turns a determiner into a modifier of determiners,
which is a function from determiners to determiners. A few examples should
clarify how A and M work. In the course of this discussion some reasons emerge
to prefer the structure in (37c) over that in (37h).

The examples use the numeral many. When this numeral is used as a deter-
miner it could have the denotation (39a) (cf., Westerstahl 1989 for a discussion
of other alternatives).

8Cf., Verkuyl and Van der Does (1991). Westerstdhl (1984) holds that definites are no
determiners (type et.ett). Semantically they rather function like nouns (type et) in that they
denote context sets. On this account their occurrence in phrases such as (35a) should be seen
as the tacit partitive all of the. I prefer a more direct way of interpretation.
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(39) a. AXY.|XNY|>u(X)
b. Many boys dated many girls

Here, p is a contextually given function from sets to numbers which determines
for each noun extension what is to be counted as many. This captures the
observation that in Partee’s (39b) the measure involved in many boys may be
different from that in many girls. The denotation of the adjective many is
(40a), which reduces to (40b).

(40) a. A([many])
b. AX(X NAz.|X|> p(X))

The set Az.|X| > p(X) equals T iff there are many X's, i.e., iff | X| > u(X) is
true. Otherwise this set equals ). Therefore, many proofs denotes just proofs
iff there are many proofs. It denotes the empty set iff there are not many proofs
(similarly for the other numerals).

This treatment of the numeral gives the NP these many proofs the semantics
(41b).
(41) [aet these][n [agjmany][aproofs]]]
[these](A([many])([proofs]))
[P]] > w([P])

AY.[proof] N Cipese CY
AYOCY

° a0 o

Accordingly, these many proofs denotes (41d) if there are many proofs ((41c) is
true). But if not, it is the trivial quantifier (41e), which holds of all properties.
It could be argued that this semantics for the complex NPs is incorrect. In
particular, these many proofs requires that there be many proofs in the con-
text delineated by the demonstrative. But in (41c) the noun extension is not
restricted by that context at all. So (41b) fails to capture that the NP these
many proofs involves many contextually given proofs rather than just many
proofs.

A more sophisticated semantics of numerals as adjectives may overcome this
difficulty. It is also absent in case the numeral modifies the determiner as in
(37c). The semantics for this structure is based on the idea that M generates
the denotation (42b).

(42) a. M([many])
b. ADAXY.D/(X 0 Xaf| N\ D/(X)] > u(N D(X)])(Y)
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