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Mass expressions: water, gold, furniture, silverware...
Count expressions: cat, table, army, committee...
1. What are mass expressions?
1.1 Syntactic criteria
Traditional, dominant view (Weinreich 1966, Krifka 1991, Gillon 1992):
Common nouns are divided in two morphosyntactic subclasses, mass and count nouns.
Mass nouns:
- are invariable in grammatical number
- can be used with determiners like much and a lot of
Count nouns:
- can be used in the singular and in the plural
- can be employed with numerals like one and determiners like many
1.2 Semantic criteria
Cumulative reference (Quine 1960):
Let M be a mass noun. Suppose we can truly say of something x that This is M, and of
something distinct, y, that This is M (with this now referring to y). Then in the same
circumstance, we can also refer to x and y together, and say of x and y that This is M.
(Plural count nouns also have the same property.)
Distributive reference (Cheng 1973, Lønning 1987, Higginbotham 1994):
Suppose that we can truly say of something x that This is M. Then in the same
circumstance, for anything y that is part of x, we can also truly say of y that This is M
(with this now referring to y).
Problem: many mass nouns don't seem to refer distributively (Gillon 1992, Nicolas
2002a):
- Microscopic parts: water is made of oxygen and hydrogen, but oxygen isn’t water.
- Macroscopic parts: a table is furniture, a leg of the table is part of the table, but the leg
isn’t furniture.
We now consider several approaches to the semantics of mass nouns, seeking to identify
what is good (and bad) in each, in order to get closer to a satisfying overall treatment.
2. The purely mereological approach (Moravcsik 1973)
- Uses mereological sums as the denotata of mass nouns.
- Interprets mass predication (e.g. This is water) in terms of parthood.
Suppose there is some water in a bottle, a, and some water in a cup, b. Then the water
in the bottle and the cup denotes the sum of a and b, noted ab. More generally, we can
sum all the portions of water together. This sum is what water denotes.
This is M is true iff [this]  [M]
where […] is the denotation function, [this] is the sum of what is demonstrated, and
[M] is the sum of all M
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Ex: This is water is true iff [this]  [water], the sum of all water.
Problem with parts that are too small to count as M (oxygen for water, the leg of a table
for furniture).
Moravcsik (1973) proposes two solutions. The first immediately fails (cf. Bunt 1985).
Second proposal: put restrictions on the part-whole relation. Let M be a mass noun,
[M] the sum it denotes, and M the associated part-whole relation.
This is M is true iff [this] M [M]
But this doesn’t account for the validity of certain syllogisms (Burge 1972):
This is gold. Gold is metal. Therefore, this is metal.
[this] GOLD [gold] & [gold] METAL [metal]  [this] METAL [metal]
This is invalid, since only a uniform part-whole relation could guarantee transitivity.
The ‘WOOD = FURNITURE’ problem for the mereological approach (Parson 1970):
Suppose all wood is used to make up furniture, and all furniture is made of wood.
Then, the sum of the wood seems to be identical with the sum of the furniture.
Therefore, The wood P and The furniture P must have the same truth-value, for any
predicate P. Yet, The furniture is heterogeneous may be true, while The wood is
heterogeneous is false.
Remark 1: Instead of classical extensional mereology, one could use a less constrained
join semi-lattice, with parthood defined in terms of the join : xy =def xy = y
Remark 2: Thus, one may want to deny that the wood is identical to the furniture.
Indeed, if the furniture is broken, it ceases to exist, while the wood does not. (Cf. also a
ship and the wood it is made of, a man and its molecules...) Parsons’ argument is based
on a controversial metaphysical assumption, which the semantics need not make.
Remark 3: The purely mereological approach faces yet another, very general problem.
One still needs a uniform framework for doing semantics: for proper names, singular
count nouns, plurals, mass nouns, adjectives, verbs, etc. It seems that this has to be set
theory, or something as powerful like “non-singular” or “plural” logic.
3. The purely set-theoretic approach (Burge 1972, Grandy 1973, Montague 1973)
- Mass nouns are ordinary predicates denoting sets.
- Mass predication is interpreted as set membership.
This is M is true iff [this]  [M]
Some M P is true iff [M]  [P]  
where [this] is the set whose elements are what is demonstrated, [M] is the set having
for elements everything that is M, [P] is the set having for elements everything that P
Problem with definite descriptions, especially in statements of identity over time:
The clay that was on the desk on July 1st is identical with the clay that was on the table
on July 2nd.
(Context of utterance: three solid bits of clay were on the desk on July 1st, and two
solid bits of clay were on the table on July 2nd. Example inspired by Cartwright 1965.)
Which set could make [the clay that was on the desk on July 1st] = [the clay that was on
the table on July 2nd] true?
What about the set of all minimal parts of clay? However, what a given mass noun
applies to may be indefinitely divisible. Semantics should not force mass nouns to have
minimal parts (cf. Bunt 1985, Gillon 1992).
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4. The mixed set-theoretic and mereological approach
- Mass predication (as in This is water) should not be understood in terms of parthood,
but in terms of set membership.
- The denotation of a mass noun M (the set whose elements are everything that is M)
should be the join semi-lattice generated by the sum or join operation on portions of M.
This is M is true iff [this]  [M]
Some M P is true iff [M]  [P]  
The M (that Q) P is true iff [the M (that Q)]  [P]
where [this] is the set having for sole member the sum of what is demonstrated, [M] is
the set of everything that is M, [the M (that Q)] is the set having for sole member the
sum of everything that is some M (that Q), [P] is the set having for members
everything that P
This mixed approach keeps what is good in each approach.
Decisive advantage over the purely mereological approach: the overall framework for
doing semantics remains the usual one, set theory. (Gillon (1992) and Nicolas (2010)
propose such a mixed view, with an additional component, “coverings”.)
5. Negation
A difficulty appears with negation (Roeper 1983, Lønning 1987, Higginbotham 1994).
Consider The M P and its negation The M not P.
For instance: The gold is in the safe and The gold is not in the safe.
Suppose that: [gold] = {a,b,ab}, [the gold] = {ab}, and [in the safe] = {a}
According to the mixed view:
The gold is in the safe is true iff [the gold]  [in the safe]
So the sentence is false.
Moreover, this equivalence seems plausible: The M not P is true iff The M P is false.
So The gold is not in the safe is predicted to be true. This is a problem for the mixed
approach developed so far, since one would want to ascribe the same status to the
positive sentence and its negation. Either because both sentences are taken to be false.
Or because both are judged inapplicable in the cricumstance, being as it were partly true
and partly false.
Consider also the gold that is in the safe and the gold that is not in the safe.
Intuitively, the first noun phrase designates the solid bit of gold a, while the second
designates b.
However, under the mixed approach, The gold is not in the safe is true. So it would
seem that a+b is in [is not in the safe], in [gold that is not in the safe], and in [the gold
that is not in the safe].
Solution proposed by Roeper (1983), Lønning (1987) and Higginbotham (1994):
Mass nouns and their predicates denote elements of a Boolean algebra: (B,,,,0,1,-)
Predication is understood in terms of Boolean intersection:
This is M is true iff [this]  [M] = [this] iff [this]  [M]
The M P is true iff [M]  [P] = [M] iff [M]  [P]
Some M P is true iff [M]  [P]  0
where [this] is the join of what is demonstrated, [M] is join of everything that is M, and
[P] is the join of everything that P
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Negation is defined in terms of Boolean complement: [not P] = -[P]
The M not P is true iff [M]  [not P] = -[ P]
Example: [gold] = ab = 1, [is in the safe] = a, [is not in the safe] = -a = b
So The gold is in the safe and The gold is not in the safe are predicted to be false.
Moreover: [M that P] = [M]  [P]
So [gold that is in the safe] = [gold]  [is in the safe] = (ab)a = a
And [gold that is not in the safe] = (ab)b = b
Remark 1: The whole universe of discourse (for mass nouns and their predicates) is
specified by a single Boolean algebra. Predication is defined in terms of Boolean
intersection. This works with mass nouns and predicates that refer distributively.
But mass nouns like furniture clearly don't. Nor does a predicate like made by John.
So the Boolean approach may ascribe incorrect truth-conditions to This is furniture,
Some furniture is made by John, and The furniture is made by John. For instance,
[this] [furniture] does not guarantee that what is demonstrated is furniture
The Boolean approach doesn't seem to work in these cases, even though the same
difficulties with negation appear. So an appropriate solution had better not be tied to the
assumption of distributive reference.
Remark 2: Indeed, the treatment of negation can be adapted within the mixed approach,
without requiring distributive reference.
Basic idea: if something x P and something y not P, then x and y do not overlap.
So let's define [not P] as the set comprising anything that does not overlap [P], the
sum of everything that P.
Remark 3: However, there are many predicates whose negation cannot be defined in
terms of Boolean complement or non-overlap.
Consider the vague predicate cheap. This could be the case:
[furniture] = {a,b,ab}, [cheap] = {a,b}, [not cheap] = {ab}
So [cheap] and [not cheap] overlap.
And there can also be overlap with an exact predicate like costs fifty euros.
So non-overlap should not be required for negation. In general, [not P] cannot be
defined in terms of [P]. Instead, [P] and [not P] must be separately specified.
Remark 4: The same difficulties also appear with plurals: just replace gold by pieces of
furniture and in the safe by made by John in the examples above.
There is no agreement on what is the proper treatment of negated plural sentences.
Still, this is a popular view (Krifka 1996, Löbner 2000; see Breheny 2005 a contrario):
Sentences like The pieces of furniture are in the safe and its negation make a
presupposition of “indivisibility”: they can be used felicitously only if all the pieces of
furniture are in safe or if none is.
6. Quantifiers
What is the semantics of quantifiers combining with mass nouns: some, all, no, only,
little, much, most, two liters of…?
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Higginbotham and May (1981) use generalized quantification for quantifiers combining
with count nouns (some, all, no, only, few, many, most, two…).
Inspired by Roeper (1983) and Lønning (1987), Higginbotham (1994) applies similar
ideas to mass nouns. His proposals are made in the Boolean approach just criticized. So
I transpose them directly into the mixed set-theoretic and mereological framework.
We focus on sentences Q M P, where Q is a quantifier, M a mass noun, P a predicate.
[M] is the denotation of the mass noun, i.e. the set that has for members everything that
is M (a join semi-lattice). [P] is the set that has for members everything that P.
Some M P is true iff [M]  [P]  
All M P
is true iff [M]  [P] = [M]
No M P
is true iff [M]  [P] = 
Only M P is true iff [M]  [P] = [P]
where is set intersection
(Examples: Some / All / No / Only gold was stolen.)
With the other quantifiers (little, much, most, two liters of…), one seems to say
something about the quantity of M (little gold). So let us suppose that a mass noun M
has an associated function measuring quantity, , which is monotonic:
xy  (x)  (y)
and additive:
z (zx & zy)  (xy) = (x)+(y)
One can also define the measure of a set E:
(E) =def (E), where E is the sum (or join) of the elements of E
Little1 M P
is true iff ([M]  [P])  p
Little2 M P
is true iff ([M]  [P])  r*([M])
Much1 M P
is true iff ([M]  [P])  q
Much2 M P
is true iff ([M]  [P])  s*([M])
Most M P
is true iff ([M]  [P])  ([M]) / 2
Two liters of M P is true iff ([M]  [P]) = 2, with a function  measuring in liters
The numerical values p, q, r and s are specified contextually when a sentence is uttered.
Above, little and much are given an “absolute” meaning and a “proportional” one.
Thus, Much gold was stolen may mean that:
- The stolen gold was a large quantity of gold (absolute interpretation):
([M]  [P])  q, where q is specified contextually
- The stolen gold was a great proportion of the gold (proportional interpretation):
([M]  [P])  s*([M]), where r is specified contextually
Remark 1: This general framework leaves room for improvement concerning the
specific meaning(s) attributed to a given quantifier. For instance, Solt (2009) argues in
favor of a different condition for the quantifier most.
Remark 2: In the case of the count quantifiers few and many, there is evidence that each
quantifier is really ambiguous between two interpretations (Partee 1989). Is there is
similar evidence in the case of little and much?
Remark 3: Adding negation to this picture creates the same difficulties as we saw above
in the case of definites.
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7. Collective and non-collective construals, coverings
According to Gillon (1992, 1996), a sentence containing a mass noun may receive socalled “collective”, “distributive” and “intermediate” construals, modulo the meaning of
the lexical items composing the sentence, context of speech and knowledge of the
world.
This silverware costs a hundred euros.
- Collective construal: the silverware costs, altogether, a hundred euros.
- Distributive construal: each piece of silverware, by itself, costs a hundred euros.
- An intermediate construal: there are two sets of silverware, each costing a hundred
euros.
This fruit was wrapped in that paper.
- An intermediate construal with respect to each argument of the verb: there are several
pieces of paper, each enclosing several pieces of fruit.
These cases correspond to partitions of the denotation of the mass noun phrase(s).
However, some interpretations correspond to a more general notion of “covering”:
A set X is a covering of a set Y just in case the (mereological) sum of the elements of X
is identical with the sum of the elements of Y.
This livestock carried that furniture.
- An intermediate construal: some pieces of furniture were repeatedly part of the
furniture carried by some of the livestock.
The relation of carrying applies between elements of a covering of [this livestock] and
elements of a covering of [that furniture].
So it seems that the semantics of mass nouns should leave room, not only for
partitions, but also for all kinds of coverings.
Gillon's account, slightly modified technically:
The denotation of a mass noun M is set [M] that has for elements everything that is M.
This is M is true iff [this]  [M]
where [this] is the set having for sole element the sum of what is demonstrated
A set Y is an M-covering of a set Z just in case these two conditions are satisfied:
- Y is a subset of [M]: Y  [M]
- The sum of the elements of Y is identical to the sum of the elements of Z
The interpretation of sentences like the following depends on the choice of an Mcovering of the noun’s denotation. Relative to this choice of covering C:
The M P is true iff C  [P]
(ex: The silverware costs a hundred euros)
Some M P is true iff C  [P]  
All M P
is true iff C  [P] = C
Gillon doesn’t extend his account to other quantified statements. However, this is easily
done, following section 6:
(E) =def (E), where E is the sum of the elements of E
Most M P is true iff (C  [P])  (C) / 2
And similarly for the other quantifiers whose interpretation involve a measure.
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8. Non-singular logic
There are many similarities between the semantics of mass nouns and plurals,
cf. sections 5, 6 and 7.
Also, at a very intuitive level, if there are eight pieces of silverware on the table, then
the speaker seems to refer to eight things at once when he says:
The silverware that is on the table comes from Italy.
If this intuition is taken seriously, then a mass noun isn't a singular term. Rather, it is a
non-singular term that may refer to one or several things at once.
Nicolas (2008) puts forwards a semantics of mass nouns based on this intuition. It is
cashed out in “non-singular” or “plural” logic.
In usual logic frameworks, like predicate logic, constants and variables are singular in
the following sense. Under any interpretation, a constant is interpreted as one
individual, and under any assignment, a variable is interpreted as one individual.
By contrast, “non-singular” or “plural” logic possesses singular and non-singular
constants and variables. Under any interpretation and variable assignment, a nonsingular term (a constant or a variable) may be interpreted as one or more individuals in
the domain of interpretation. In particular, a formula consisting of a predicate whose
argument is a non-singular constant is true just in case the constant is interpreted as one
or more individuals that jointly satisfy the predicate. (See Linnebo 2008 for an overview
of "plural" logic.)
The resulting semantics has the following features:
- Unrestricted composition (the existence of mereological sums) is replaced by “nonsingular” or “plural” reference. (Cf. also Nicolas 2009.)
- Combined with a generalized notion of covering, this allows a treatment of identity
statements different from that offered by the mixed set-theoretic and mereological
approach (where what remains identical over time is a certain mereological sum).
Non-singularist notion of covering for a mass noun M
The css are an M-covering of the as just in case the following three conditions
are satisfied:
i) Any thing among° the css is M:
y ° css  My
ii) For any “plurality” of the css, no two members of the “plurality” overlap:
xs  css  (u v (u  xs  v  xs  u  v  Ouv))
iii) For anything v, v overlaps some thing among° the css just in case v overlaps one of
the as:
y (y ° css  Ovy)  w (w  as  Ovw)
The clay that was on the desk on July 1st is identical with the clay that was on the table
on July 2nd.
Context of utterance: three solid bits of clay, the as, were on the desk on July 1st, and
two solid bits of clay, the bs, were on the table on July 2nd.
In effect, the sentence will be true when a common covering can be chosen for the as
and the bs. This will mean that there are some small bits of clay, each of which has
retained its identity over time. On July 1st, these bits of clay were so arranged that they
made up the as (i.e., they were a covering of the as). On July 2nd, they were arranged
differently, in such a way that they made up the bs.
NB: This doesn't require the existence of minimal parts. Only the existence of a
common division.
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