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Abstract. This paper develops a semantic account of morphologicabeurnm the presence of
numerals. In addition to accounting for number on basic sdile bookin English, our approach
extends to cover data from two seemingly disparate doma)maamber marking on measure terms
like kilo, which is determined by the numeral co-occurring with thieses: one kilo of apples
vs. two kilos of applesand 2) cross-linguistic variation in patterns of numberkivay: numerals
greater than one obligatorily combining with plural-matkeouns (e.g., English), all numerals
obligatorily combining with singular (unmarked) nounsy(e Turkish, Hungarian), and numerals
optionally combining with either singular or plural nouresd., Western Armenian). Building off
the presuppositional approach to morphological numberie8and (2003), we show that all of
the data considered receive an account once we assumeoraimthe selection of the measure
relevant to the one-ness presupposition of the morphabgicgular form.

Keywords: number marking, numerals, measure phrases, Turkish, YeSteenian.
1. Introduction

Speakers of number marking languages decide between airaqd plural forms of nouns as they
embed them in larger linguistic contextsokis felt to mean something different fronooks and
the choice between these forms is regular and well definddanf talking about a single book, |
use the singular form of the noun; when | am talking about ntlea@ one book, | use the plural.
While intuitively appealing, this characterization of gnaatical number in terms of one.vwore
than one faces problems (see the discussion in Sauerlaf8)(a@d Sauerland et al. (2005), as
well as in Section 2 below). Still, it gives us a point from whito begin investigating the topic at
hand: the impact numerals have on the choice of grammaticaber.

In English, the numeradnerequires that the noun it appears with bear singular moggyokhus
one bookand notone books For numerals greater than one, plural morphology is requiwo
booksand nottwo book We can describe this pattern using our characterizatiagrashmatical
number above: witlone | am talking about a single thing, and so | require the siagidrm; with
greater numerals, | am talking about more than one thing, tthe: plural form must be used. The
problem lies in explaining how these facts arise: what aspkthe linguistic form is responsible
for the choice of grammatical number, and at what level ofrgrear does it operate?

Suppose that the determination of grammatical number is@lyvbyntactic process determined
by features of modificational elements that then agree veiettures on modified nouns. Such a
system would posit 8INGULAR feature on the numeralneand aPLURAL feature on all other
numerals. When composing with a noun, the number featuteeaiadmeral would value the num-
ber feature of the noun and determine its morphological foMte that this feature distribution —
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ONe+SINGULAR; not-onePLURAL — captures the facts of English, but the system being coreside
admits a great deal of variation beyond the English pattfithout stipulations on the distribution
of these features, a numeral could possess any feature amel Stmould expect to find languages
with unintuitive — and unattested — patterns of number nmgrkiFor example, how would we block
a language from attributing tir/e.URAL feature tooneand thesSINGULAR feature to all other nu-
merals? In other words, how do we rule out languages in whicing agree witlonein the plural
and numerals other thamein the singular? The problem with such a syntactic/featapgroach

is that grammatical number bears only an indirect relahign$o the meaning of the elements
indexed with it and so we lack a principled way of constragine patterns that can be generated.

In this paper, we develop a semantic account of grammatigaler in the presence of numer-
als that attributes the distinction between singular andabforms to an interaction between the
meaning of numerals and the semantics of the nominal elentieey modify. In developing this
system, we consider data from two types of nouns: the bapk, tys exemplified bipook and
measure terms such &8o. By augmenting the data to be covered to include measuresjavm
highlight the breadth required by the semantic mechanisthrtftodulates grammatical number.
We then expand the coverage of the system beyond Englisingse®at it takes to account for
different patterns of number marking such as those foundirki$h and Western Armenian (Bale
et al., 2011a). What results is a program centered aroungigraged functional projection, #P,
from which morphological number features originate @huerland (2003), a.0.). The head of #P,
eithersG or PL, is an operator that establishes conditions on the depatafithe resulting nomi-
nal: sG checks for singularity of the predicate, apdapplies when singularity is not satisfied. We
show how variation in the way that singularity is checkedtaegs the cross-linguistic diversity in
patterns of number marking that we consider. This variaéitsio accounts for number marking
within the second domain of nominals, measure terms. Beferéegin to develop this system,
however, we must consider in more detail the assumptions ftundation, together with the data
to be explained. This is the topic of the next section.

2. Theoretical background: #P

Following Sauerland (2003) (see also Sauerland et al.,)20@5assume that the locus of number
features is the designated functional head which we termatpNblogical number marking comes

about as a result of syntactic agreement with #. In this systerphological number is never

directly interpreted; the determination of semantic nuniba separate but related process.

We find (minimally) two variants of the # headsc andpL.! Unlike Sauerland, we assume that #
occurs as the sister to a nominal projection and serves agafity map on the property denoted by
the nominal with which it composes. This move allows for theaunt of measure terms developed
in Section 4. Still, a major contribution of Sauerland’s W the demonstration thais, and not
PL, is semantically marked (see Sauerland et al. (2005) fos@udsion of the facts that lead to this
conclusion).sG carries with it a numerical presupposition for one-nes$efdroperty with which

LAdditional # heads are likely needed to account for duadl,tdaucal, etc., values of grammatical number.
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it composes, (1-afpL carries no such presupposition, (12dfor now, assume that the measpre
relevant to the one-ness presuppotiosefs basic cardinality;:(x) = |X|. The choice betweesc
andPL is mediated by Heim’'s (1991) principle of Maximize Presugiion, which ensures that
SGis used whenever its one-ness presupposition is met.

(1) a [sg =AP:VxeP[u(x)=1]. P
b. [P =AP.P

At this point we must draw a clear distinction between motpgcal number, expressed by g and
—sin English and determined by the functional number hesglandpPL, and semantic number.
Assume three booksa, b, andc. In its basic form, semantically singulanokdenotes a set of
atoms, (2-a). The star operator * (Link, 1983) closes thessgimally singular property under sum
formation and produces the plural property, (2b).

(2) a. [booK={a,b,¢g
b. [*book] ={a, b, ¢, a+b, a+c, b+c, atb}c

Suppose nouns always express grammatical number, thaeisatways appear in the presence
of #. The semantically singular property in (2-a) may congpeéh sG: every member ofbook

is atomic and thus has cardinality 1. The semantically plpraperty in (2-b) does not satisfy
the one-ness presuppositionsit in (1-a) because there are elementg*bbok] with cardinality
greater than 1. Without any presuppositien, may compose with either of the properties in
(2). What blocksrL’s combination with semantically singular properties, d@nds accounts for
why morphologically plurabooksis not used to refer exclusively to book atoms, is the prilecip
of Maximize Presupposition (Heim, 1991): becaws®contains stronger presupposition®t
contains none at all — with semantically singular propsertde must usesa. It is only when
SG'S presupposition is not satisfied, i.e., when we have a staadly plural property, tharL

is used. In this way, morphological number correspondsctiréo semantic number: the only
licit combinations aresG with semantically singular properties ard with semantically plural
properties.

Next, consider how numerals fit into this program of numberking. Suppose that cardinal
numerals are restrictive modifiers: they compose with agds and restrict their denotation to
those elements with the appropriate cardindlity.

2Note that here we depart from Sauerland in assuming that #ases with predicates and not with individuals.

3 We construe semantic plurality as closure under sum, antesire under sum less the atoms, in order to account
for the behavior of plurals in downward entailing environttee There, plurals may be used to refer to singularities.
For example, if | ask if John has children, it would be infiéas to answer no when he has only one child. For a
fuller discussion of these data, see Sauerland ¢2@05).

4For discussion of numerals as modifiers, see Link (1987)wgr(1993), Carpenter (1995), Landman (2003),

I
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(3) a.  [ong e = APAX. P(X)A X =1
b.  [two]erery = APAX. P(X)A [X] =2

Recall our assumptions regarding morphological and sémaatnber; we repeat the semantics
for the # heads in (4), and the semantics of plurality in (5sséme further that numerals are
intermediate between the noun and the # projection:ntimeral> NP>

(4) #'ssemantics: (5) Semantic number:
a. [sq¢ =AP:WxeP[u(x)=1]. P a. [booK ={a, b, g
b. [PL]=AP.P b. [*book] ={a,b,c,atb,a+c,b+c,a+bkc

The numerabnemay compose with either a semantically singular or a semahtiplural prop-
erty; in either case the resulting denotation is a set of attirat satisfies the one-ness presuppo-
sition of SG. Because the presuppositionsi is satisfied oncenecomposes, Maximize Presup-
position rules out the choice @i, (6-c,d), and thus rules oune books If we want to rule out
the composition of a semantically plural property with sileg morphology as in (6-b), we may
appeal to a principle of economy, whereby the strings witth\&ithout * compete: because (6-a)
and (6-b) are denotationally equivalent, and because (&pre complex (it contains *), (6-b) is
uneconomical and cannot occur.

(6) Onet+saG

a. UO[sconebook={a,b,c

b. O[scone *booK = {a, b, ¢, butfailure of economy principfe
c. O[pPL one book = failure to apply Maximize Presupposition
d. O[PL one *booK = failure to apply Maximize Presupposition

The numeratwowith its restrictive semantics in (3-b) requires that thegarty with which it com-
poses be semantically plural. Whemo composes with a semantically singular property it looks
among a set of atoms for individuals with the appropriatelicality and finds none; the result is
the empty set. We must say, then, that necessarily dendigngmpty set as in (7-b,d) is somehow
deviant and thus ruled oltWith semantically plural propertigs/o readily composes and restricts
the nominal’s denotation to those individuals with cartitgye?2. The one-ness presupposition of
sG fails on such a denotation because it is not the case thaeatibars number 1, (7-c). Because
the presupposition G fails, we must useL instead, thuswo books

among others.

SWe address the motivation behind this structural assumputice we extend our account to measure terms in
Section 4.

6From Sauerland (2003): “Do not use the plural if the resgltireaning is identical to the meaning of the singular
in the present context.”

’Such a move should be familiar from recent work on the ungratimality that results from logical triviality
(Gajewski, 2002).
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(7) Two+PL

a. 0O [pLtwo *bookK ={atb, atc, b+¢

b. [O]pPLtwo booK =@

c. [[sGtwo *book] = presupposition failure
d. O[sGtwo booK =@

At this point we appear to have an account of number markinpenpresence of numerals for
basic count nouns likkookin English. Our task now is to extend the coverage of this actdNe
first consider two different systems of number marking fromnkish and Western Armenian. We
then return to English and explore the semantics of measumestlikekilo which, to all intents
and purposes, behave as nouns, yet do not appear to referwaththat a noun likbookdoes.
Without clear referents to check the atomicity of, we museas what it means to be semantically
singular for these nouns.

3. Shortcomings of the present account

3.1. Cross-linguistic variation

Languages vary with respect to their patterns of number imguk the presence of numerals (Bale
et al., 2011a). So far we have considered one type of langeagenplified by English, in which
the numeralone requires singular-marked nouns, and all other numeralgineglural-marked
nouns. Here we consider data from two other types of langudgehe first, all numerals obliga-
torily combine with singular-marked nouns (‘one book’, @Gwook’; e.g., Turkish); in the second,
numerals optionally combine with either singular- or plereaarked nouns (‘one/two book(s)’; e.g.,
Western Armenian). We will see that our system for numbeikingras it stands cannot account
for either of these patterns.

Turkish possesses a morphological distinction betweeguan and plural nouns, as evidenced in
(8); the morphemdar indexes plurality?

(8) a. cocuk b. cocuk-lar
boy boy-pl

In the presence of a numerdgar is prohibited. In other words, nouns in Turkish are obligi#yo
singular, at least morphologically so, when they occur witmerals.

(9) a. iki cocuk b. *iki cocuk-lar
two boy(sQg) two boy-pl
‘two boys’

8All cross-linguistic data in this subsection come from Betlal. (2011a).
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We find an more complex pattern of number marking in Westerme&rian. Like Turkish and
English, Western Armenian possesses productive plurgbhwdogy: the morphemener indexes
plurality.

(20) a. degha b. degha-ner
boy boy-pl

Western Armenian’s pattern of number marking in the presaricumerals represents a hybrid
of the English and Turkish systems: nouns either may appearaaphologically singular in the
presence of a numeral greater than one, as in Turkish, orrtfagyappear as morphologically
plural, as in EnglisH.

(11) a. yerguegha b. yergudegha-ner
two boy(sg) two boy-pl
‘two boys’ ‘two boys’

Assuming the system of number marking that we developeddrptivious section for English,
we predict neither the Turkish facts in (9) nor the Westerm@nian facts in (11). The problem
is that we have aligned semantic and morphological numb#raidche morphologically singular
nouns are semantically singular, and we have assumediatiestsemantics for numerals in which
numerals greater than one require semantic plurality. Wieaheed is a way to allow singular-
marked nominals to receive a plural interpretation, i@ be semantically plural. Our approach
will be to reevaluate the numerical presupposition we hdirébated to the # headG so that it

may also compose with semantically plural nouns in the presef a numeral. Before doing so,
however, we must consider additional data for which ouresysif number marking must account.

3.2. Measure terms

So far we have been considering number marking on what weestiBASIC nouns likebookand
boy. These nouns may be viewed as one-place predicates, dgsetsof individuals holding the
relevant property. We defined semantic number for thesaqaeesd in terms of the cardinality of
the members of their denotations: if a predicate refers & afsatoms, it is semantically singular;
if the predicate is closed under sum-formation, it is semsahy plural. But what happens when
we have nouns that do not refer to individuals, atomic or tise, that still behave regularly with
respect to number marking? Of interest are the italicizedls/an (12).

9This description of morphological number in Western Arnaerfrom Bale et al. (2011a) is likely an idealization;
see Sigler (1996) for a fuller discussion of the facts. Kegn mind that much more work remains to be done on the
nuanced interpretations of these nominals, our goal witbdeave open the option of our approach accounting for the
Western Armenian system as it is presented in Bale et al1@01
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(12) a. That meat weighs twalos.
b. I ate twokilos of meat.

We must first convince ourselves that measure termlikeare nouns, or at least nominal to the
extent that they should be handled by the same system of mundrking that determines the mor-
phology ofbookvs. books To begin, measure terms display regular singular/plu@ipimology:
kilo vs. kilos. Further, they are free to combine with numerals and whey dloethey behave as
expectedone kilovs. two kilos Like basic nouns, measure terms constitute an open classica
word may be substituted for a measure term and still we canleda that the intended meaning
involves a quantity or extent identified by the nonce worchally, measure terms are subject to
quantifier restrictionsmany kilosbut notmuch kilos

Assuming that we take these facts as evidence that measm®dee nouns, what do we make of
the semantics of singular vglural for them? We started with the schema relating mormpdioc&l
and semantic number in (13), but it isn’t clear how this scaeawuld apply to measure terms.

(13) a. atoms> SG
b. sums of atoms> PL

The problem is that measure terms do not appear to refer iwalgedhatboy does. What kind of
atoms are kilos, meters, degrees, etc.? What would it meelo$e these supposed atoms under
sum formation? We thus take as our starting point the ideankasure terms are nouns which do
not refer to individuals.

Without a referring semantics for measure terms we immelyi&ice a problem in handling these
nouns within our system of number marking. Recall our seroaibr the # heads, (4), where the
one-ness presupposition of singular morphology dependseocardinality of the members of the
relevant property. Without atoms to count, the one-nessuypgosition oG is meaningless in the
context of measure terms. Moreover, what matters to the eumbrphology of these terms is not
cardinality, but rather the measure specified by the tergifithe choice betweeone kiloandtwo
kilos does not depend on how many atomic individuals weigh theaaeteamount.

4. Proposed analysis

In what follows we revise our system of number marking in trespnce of numerals from Section

2 above so that it may handle both measure terms and the eldseross-linguistic variation.
We start by motivating numerals as referring expressiond,farming cardinal numerals on the
basis of the functional elementaRD (Zabbal, 2005). Next, we align the semantics of measure
terms with CARD and revise our assumptions concerning the measure relavané one-ness
presupposition o§G. Finally, we locate the parameter determining cross-listgtivariation in the

I
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selection of the measure relevant to the one-ness prestippas SG.

4.1. Numeral semantics

We started with minimal assumptions about numerals: theypeawperty modifiers, typéet, et),
and they occupy a position intermediate between # and NP. Wepiill in the details of these
assumptions.

First, concerning their structure, assume that numeralamcthe specifier of a functional pro-
jection NumP (Selkirk 1977; Hurford 1987; Gawron 2002; a.and that NumP is intermediate
between NP and DP (Ritter, 1992).

(14) DP
D NumP

numeral Num’

N
Num NP

For their semantics, take numerals to be individual-dexgatixpressions referring to natural num-
bers: numerals are of type The choice of Nuhdetermines the function of the numeral (e.g.,
cardinal, ordinal, etc.; Zabbal 2005). Cardinal numeredsfarmed by the operata@ARD, which
takes a predicate and returns a relation between numberg@ndiuals (in the spirit of Krifka
(1989)).

(15)  [cARD] = APANAX. P(X) A x| =n

(16)  [two CARD *boy] = Ax. *boy(x) A x| =2

Note thatCARD delivers the restrictive semantics for cardinal numeradd tve assumed above,
and, as before, these semantics ensure that cardinalemgtiean one must compose with a se-
mantically plural predicate (formed via *) as in (17-b). Wesuch cardinals to compose with
a semantically singular, i.e., atomic predicate, (1742, result would be the empty set, (17-c):
there are no individuals in the denotation of an atomic mwaei with cardinality greater than 1.
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(17)  Assuming three boys:
a. [boy]={a, b, g
b. [*boy] ={a, b, c, atb, at+c, b+c, atb}c
c. [twocCARD boy] =@
d. [two CARD *boy] = {a+b, a+c, b+§

Next, let's preserve the semantics we gave to the # headsatexp below, and see how these
semantics interact with our revised assumptions concgrcandinal numerals.

(18) a. [sG]=AP:¥xeP[u(x)=1]. P
b. [PL]=AP.P

(19) DP

T

D #P
# NumP

numeral Num'

N
Num NP

CARD

The # head takes the nominal, NumP, as an argument. We certbrassume that the measure
relevant to the one-ness presuppositiorsafis cardinality (note that cardinality is the measure
supplied by the closest head to@aRD; more on this below). Number marking in the presence of
numerals proceeds as it did above:

(20) O [sGonecARD booK ={a, b, ¢
O[sG onecARD *book] = {a, b, ¢, butfailure of economy principle
O[pPL onecARD booK = failure to apply Maximize Presupposition

O[pL onecARD *book] = failure to apply Maximize Presupposition

o0 oTow

(21) O [PL two CARD *book] = {a+b, a+c, b+¢
O]PL two CARD bookK = &
O [sG two CARD *book] = presupposition failure

[ [sGtwo CARD booK = &

00 Tow
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We thus maintain our coverage of basic nouns with numeralby, \then, have we gone to the
trouble of revising our assumptions concerning numeras@&éshall see in what follows, viewing
numerals as referring expressions that serve as an arguh#r functional counting element
CARD allows us to account for number marking on measure terms.

4.2. Accounting for measure terms

Before we can attempt to apply our system of number markimggasure terms, we must settle on
the semantics of these nouns. To this end, note that measare &ppear to have two distinct uses.
In the first, which we call theirNTRANSITIVE use, measure terms compose with a numeral and
denote a quantity or extent. Intransitive uses of measuraspgh typically appear as the internal
argument of measure verbs (ermgeasureweigh etc.), as in (22-a). They also appear in predicative
beconstructions, (22-b), as well as modifiers of gradabledses, (22-c).

(22) a. Johnweighs 100 kilos.
b. Thetemperature is 70 degrees.
c. Johnis two meters tall.

In (22-a), the measure phra$@0 kilosspecifies the extent of John’s weight. Similarly, in (22-c),
two meterspecifies the extent of John's tallness. Intransitive medsums appear also in equative
constructions, (23-a), and in kind-level predication,-(%3

(23) a. Tendegrees Fahrenheitis less than ten degrees<elsi
b. Kilos are more widespread than pounds.

Intransitive uses of measure terms contrast with thRKNSITIVE use, where we have an addi-
tional nominal that provides the material to be measured.célethis extra nominal theom-
PLEMENT of a transitive measure term. The complement can be intextivia partitive, (24), or
pseudo-partitive constructions, (25). In what follows wil %ocus on measure terms in pseudo-
partitives.

(24) Partitive: (25) Pseudo-patrtitive:
a. ldranktwo liters of that wine. a. |dranktwo liters of wine.
b. I ate two kilos of those apples. b. I ate two kilos of apples.

In (24) and (25), the measure terms serve to quantize thaljpies denoted by the complement
noun: the measure phrase uses the specified extent famdrarihtransitive uses to restrict the
denotation of the complement noun. For example, in (25vin), kilos of appleseturns a subset
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of the pluralities denoted bgipples those pluralities of apples that measure two kilos. At this
point, we must settle on the way in which transitive measerms, together with the accompa-
nying numeral, quantize the complement noun. We must alsexpkcit about how intransitive
measure terms interact with a numeral to form a predicateteinés along a dimension. Lastly,
we must determine the relationship between transitive amdnsitive measure terms. Let’s work
backwards, focusing first on the semantics of measure phliksgwo kilosandtwo kilos of ap-
ples We can then decide on an appropriate semantics for the meesms themselves that will
yield the desired semantics for measure phrases.

As noted above, measure phrases appear to denote setsvafuiadh, or properties. For example,
the intransitive measure phra$@0 kilosin (22-a) denotes the property of weighing 100 kilos, a
property we then ascribe to John. In (25-twp kilos of appleglenotes the property of being a
collection of apples that weighs two kilos. Supposing weteam measure phrases to be property-
denoting, typele, t), we can conceive of the measure terms as relations betwewearals and
individuals.

In the intransitive use, a measure term takes a numeral &inthsehe set of individuals that satisfy
the relevant measure to the extent specified by the numartdis way, a measure phrase k@0
kilos will be true of an individual just in case it weighs 100 kilos.

(26)  [Kilo]n (e.e) = ANAX. f1e(X) =1

In their transitive uses, measure terms take an additiopdigate-denoting argument: the comple-
ment nount® We may use the semantics for intransitive measure termsjna@the basis for the
transitive measure term semantics, where the only difteres that the latter takes an additional
internal argument supplied by the complement n&un.

(27) [[kiloﬂ«e,t),(n,(e,t))) = APAnAx. P(X) A ,ukg(X) =n
(28)  [CARD] = APANAX. P(X) A x| =n

It bears noting that the semantics given here for transitieasure terms results in the same se-
mantic type that we gave to our Num hea&RD: ((e, ), (n, (e, t))). The parallels in structure are
obvious: CARD takes a property-denoting argument and then a numeraljriigribumP. A mea-

1°Complements of transitive measure terms used in pseudiyaconstructions may only be bare plurals or mass
nouns, suggesting that they refer at the kind level. We magefbre want to modify the semantics in (27) so that
transitive measure terms take a kind-denoting, and notdigaree-denoting internal argument.

10Ongoing work investigates the relationship between ttaesand intransitive semantics for measure terms: as-
suming one use is derived from the other, which use is prit&@we possibility is that the intransitive use is derived
from the transitive via a process of existential closurer tive predicate-denoting argument.

I
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sure term (e.gkilo) takes a property-denoting argument and then a numeratjrigrM(easure)P.
We illustrate both structures in (29) and (30).

(29) DP (30) DP
/\ /\
D #P D #P
# NumP # MP
numeral Numnm/ numeral M’
N PN
Num NP M NP
| |
CARD kilo

Intransitive measure terms lack an internal argument, arttiesr structure differs from that of a
transitive measure term by the absence of an NP complement(d3%). So far we have noted
both structural and semantic similarities betwe&RD and measure terms; we can pursue the
parallel between these elements further by observing kathteasure terms;ARD also allows
both transitive and intransitive uses. Transitive usesgarsmore common, and constitute what we
consider cardinal numerals (i.ehyee boys A candidate structure for an intransitive useceRD,
where a cardinal appears without an NP complement, woul@bstuctions such aghe boys are
threeor Those books number tefihe structure for an intransitive cardinal appears in.(32)

(31) #P (32) #P
# MP # NumP
numeral M numeral Num
ki‘lo CA‘RD

Given the similarities betweeraRD and measure terms lik#lo, our innovation is to treat measure
terms as an instance of the Ntihead. This move requires us to conceive of NumP more geperall
taking it to be a measure phrase counting either at@mgp) or something more abstradilp).

In both cases the measure is specified by the head of the phrase
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(33) DP

# NumP/MP

numeral Num'//M’

/\
Num/M NP
|

CARD/kilo

One advantage of this move is that it allows us to accountdonber marking on measure terms.
Under Sauerland’s (2003) system, where # occurs as the ssiP, absolute atomicity of the
individual denoted by DP determines number morphology. éi@x, inone kilo of applesys.
two+ kilos of appleghe number of apples measuring 1 or 2+ kilos is irrelevanh®riumber
morphology orkilo. Number marking on measure terms is determined insteadebyatlie of the
numeral present: only witbnedo we have singular morphology. Our claim is that in English
the measure specified by the head of #'s sister determineae¢hsure.: relevant to the one-ness
presupposition o§G.

(34) a. [sG=AP:¥xeP[u(x)=1].P
b. [pL]=AP.P

With cardinal numerals;ARD is the closest head to # and so the measure relevant to theesse-
presupposition 0o8G is cardinality. BecaussG checks for one-ness on the basis of cardinality
in the presence of cardinal numerals, the singular/plusdinttion on basic nouns likbookis
sensitive to the semantic number of the predicate in questithen the predicate is closed under
sum formation and contains pluralities in its denotationnedonger satisfy the one-ness presup-
position ofsG and soPL must be used, resulting in plural morphology. Only when tlesljzate is
semantically singular, and thus atomic, will the one-nessygpposition oG be met on the basis
of cardinality. We thus maintain our coverage of number nmaykon basic nouns from above, pre-
serving the intuition that singular morphology indexe®refice to atoms and plural morphology
indexes reference to pluralities (in most cases; see Fn. 3).

Assuming that the measure in the one-ness presuppositiea sf supplied by the closest head,
measure terms both specify the relevant measure for whielmess must be satisfied (e.g,,
Ldegrees tup, €1C.) and have number morphology expressed on tikdm\s. kilos). Here’s why:
like CARD, measure terms occupy the head of #'s sister. AlsodikeD, measure terms supply
a measurejy, in the case okilo, zi44-c. IN the case oflegree etc. As in the case afARD, the
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measure supplied by the measure term is the measure thaequadtl for every member of the
predicate-denoting complement of #. Crucially, when themeral co-occurring with the measure
term isone everything in the denotation of #'s sister will necesyamlkeasure 1 with respect to the
measure supplied by the measure term, allowing for singntaphology. When the numeral co-
occurring with a measure term is something other thrag nothing in the sister of # will measure
1 with respect to the measure supplied by the term, arrd soust be used.

In sum, we have claimed that the measure relevant to the esepresupposition &fG is un-
derspecified, and that in English this measure is suppliethé&ead closest to #. In the case of
cardinal numerals, cardinality determines number momd)lICARD is the head of #'s sister and
CARD measures cardinality. In the case of measure terms, théispaeasure supplied by the
given term determines number morphology. Wktlo, everything in MP must measure 1 kilo in
order for the one-ness presuppositionsaf to be satisfied; only when the humerale appears
with kilo does this state of affairs holds. In this way, we account tonber marking on measure
terms in the presence of numerals, which, as we have seeensg#ige to the numeral present
and not to the number of individuals referenced. In the negtisn we see how our assumptions
about relevant measures may be extended to provide an adooune cross-linguistic variation
in number marking discussed in Section 3.1.

4.3. Relevant measures

In addition to predicting the English pattern of number nmagkor both basic and measure nouns,
we must also introduce sufficient flexibility into our systemthat it may account for the patterns
in Turkish and Western Armenian. Our approach will be towdeboth the English and the Turkish

facts and then assume variation within Western Armeniah that it can employ either the English

or the Turkish system.

Recall thatin Turkish all numerals require singular moiplgg, which necessitatess in numeral-
noun constructions. With numerals greater than one, thensiéhat we havec in the presence
of a semantically plural property. This combination is penbatic because of the way we have
aligned semantic and morphological number: we have no walldw singular-marked nominals
to receive a plural interpretation. As was our strategy icoaating for measure terms in the
previous subsection, here we will again take advantageedfekibility allowed for in the selection
of the measurg in the one-ness presuppositionsd. In English we said that is supplied by the
head closest to #, but this needn’t be the case in all language

Another possible measure for the one-ness presupposit®ais relativized to the property with
which # composes p-..om- Here we need a notion of relative atomicity: counting asnatanot
with respect to the entire domain, but rather with respeet $pecific predicate. P-atoms are the
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smallest elements of P, that is, those elements of P that iawther elements of P as patts.
Lp-atom 1S thus the cardinality measure relativized to a specifidipege.

(35)  pp-atom(y) is defined only if yeP; when definedi p-gtom (Y) = [{XEP: x<y & —3zeP[z<X]}|

(36)  [NumP = [two cARD *boy] = {a+b, a+c, b+¢

In the presence of cardinal numerals, # composes with agatedas in (36). Every member of
this predicate has no parts which are also members of thecptedtherefore every member of
this predicate measures 1 P-atom. Suppoging;... to be the measure relevant to the # heads,
SG may, and by Maximize Presuppositiorustbe used with (36). In fact, all numeral-noun com-
binations will have a quantized denotation wherein the el@sishare a common cardinality, so it
will necessarily be the case that every member measuresdni-#n other words, withip-4:om

as the measure relevant3a’'s one-ness presupposition, we predict singular morphobath all
numerals. This is the pattern in Turkish-like languatfes.

One way to view the distinction between the Turkish and Eigpatterns of number marking
in the presence of numerals is as a difference in whether nkeness presupposition et is
relativized to the complement of # (e.g., NumP/MBs-..,») Or to the head of its complement
(e.g., Numi/MP). In Turkish we find the former strategy: because numeralgjally those greater
than one, quantize the properties that they modify intdikeatoms, the one-ness presupposition
of SG relativized topp-qt0m, Will always be satisfied in the presence of a numeral. In Bhgli
we saw that the head of #'s sister supplies the relevant measither cardinality in the case of
cardinal numerals (supplied [ARD) or the specific measure supplied by measure terms.

Our account makes a prediction about number morphology asune terms in Turkish. Every
member of a predicate likisvo kilos of applesvill measure 1 P-atom. In order to measure more
than 1 P-atom, an individual would have to measure two kihoklze a part of a different individual
that also measure two kilos. But this is impossible. We tloeesexpect singular morphology on
measure terms likkilo with all numerals in Turkish, which is precisely what we fimi(87).

(37) a. elma-danbir kilo(*-lar) b. elma-daniki kilo(*-lar)
appleAaBL onekilo-pPL appleABL two kilo-pPL
‘One kilo of apples’ “Two kilo of apples’

Recall that in Western Armenian we find optionality betwelea English and Turkish systems:

2Note that our notion of relative atomicity differs from thfaund in Rothstein (2010), where atoms are defined
relative to a context and not to a predicate.

13Note that the approach correctly predicts singular agre¢wi¢h all numerals in Turkish even if semantic plurality
in such languages is not mere sum-formation, *, but somgtstronger such as closure under sum less the atoms,
(cf. Link, 1983; for arguments in favor of this stricter appch to plurality in Turkish, see Bale et al., 2011a,b).
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numerals greater than one optionally combine with eithegudiar- or plural-marked nouns. To
account for this optionality, simply assume that each o$¢hsrategies above (phrasal kead) is
available when selecting the measure relevaside presupposition. When the phrasal strategy is
pursued, one-ness is relativized to P-atoms and so singuageed nominals appear with numerals
greater than one; when the English-type, head-basedgtretgoursued one-ness is sensitive to
cardinality, and so we find plural-marked nominals with theemerals.

We appear to have not only an account of number marking or basi measure nouns in English,
but also an account of the cross-linguistic variation obsein patterns of number marking.

5. Discussion

In our account of number marking in the presence of numevashave considered data from
three domains. First, we looked at basic nounstikekin English whose morphological number
depends solely on the semantic number of the property débgtde nominal. We also considered
measure terms likilo, assuming that these measure terms are nouns, at leasesdae¢héethat they
should be handled by the same system that treats morphalagimber on basic nouns. Finally,
we examined cross-linguistic variation in patterns of nembarking, drawing data from Turkish
and Western Armenian.

Our account relied on three assumptions: 1) cardinal nusiara formed on the basis of the func-
tional elemenCtARD (. 1), (n,(e,1))), 2) Measure terms, likeARD, are relations between numerals and
individuals, and 3) morphological number is determinediy ltead of the functional projection
#P, which serves as an identity map on the property denotéagayominal.

(38) a. [sG]=AP:¥xeP[u(x)=1]. P
b. [pL]=AP.P

SG carries with it a one-ness presupposition which ensurdsetrexry member of the nominal’s
denotation measure 1 with respect to some relevant measuneEnglish, we saw that is sup-
plied by the head of the complement of #; in the case of cardunaerals, cardinality determines
morphological number. With measure termss supplied by the measure itself; this accounts for
why morphological number on these nouns is sensitive stibellye numeral present.

Cross-linguistic variation in patterns of number markiafsf out once we allow variation in the
selection ofu: in Englishy is relativized to the head of #'s sister; in Turkish, wheldenaimerals
occur with singular-marked noung,is relativized to the phrasal complement of # on the basis of
P-atoms.

(39)  wp-atom(y) is defined only if y¥P; when definedi p-qtom () = |{XEP: X<y & —3zeP[z<X] }|
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In Western Armenian, where the pattern of number markingterinediate between the English
and the Turkish systems, there is optionality in the sedectif ;.: either the head or the phrasal
approach may apply. Our account of this variation makes do auniform syntax and semantics
for numerals across these languagestfa variation in numeral semantics proposed in Bale et al.,
2011a) within a standard semantics frameworktfoé OT account of Farkas and de Swart, 2010).

Ongoing work aims to extend the system presented here tomoass, which are unable to com-
pose with numerals or appear with plural morphology. Thategry will be to attribute a count-
ability (i.e., atomicity) presupposition to #. In doing see hope also to provide an account of the
monotonicity constraints on measure terms in pseudotpadi(Schwarzschild, 2006):

(40) a. twoinches of cable
b. *two degrees of water
c. two liters of water

Here is a sketch of the motivating intuition: just as a panvater still holds the property of being
water, so does a part of something measuring two degreestlildroperty of measuring two
degrees. Thus, one and the same mechanism should rule cutrtheals that would produce a
denotation structured in this way.
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