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Lecture 17 
Semantics: sets and logic 

 
How can we characterize the meaning of a word? 

i.e., what does a word actually refer to (or denote) in the world? 
 
Some words—typically proper nouns—refer to a specific individual: 

e.g., George Washington. 
 
Other words refer in some way to sets of individuals. 
 
E.g., the meaning of the word dog can encompass any number of specific dogs: 

Lassie is a dog. 
Toto is a dog. 
My parents had a dog. 
I saw a dog in the park. 

These sentences all refer to different individuals, 
but the word dog is appropriate for all of them. 

 
The denotation of the word dog is therefore not any individual dog, 

but rather the set of all dogs; 
when one uses the word dog, one is saying something having to do with that set. 
 
E.g., Lassie is a dog states that a particular individual is a member of that set. 
 
Many sentences’ denotations are about the relationships of sets to each other. 
 
E.g., Dogs are mammals states a subset relationship: 

dog and mammal both denote sets, 
and one is a subset of the other. 

(This means dog is a hyponym of mammal; 
mammal is a hypernym of dog.) 

 
Other parts of speech can also denote sets:  

E.g., the adjective poisonous also denotes a set: 
The sentence All snakes are poisonous 

denotes that the set of all snakes 
is a subset of the set of poisonous things. 

(It’s not, of course, but semantics also has to be able to describe sentences that aren’t true!) 
 
Whether a sentence is true or false is its truth value: 

e.g., the truth value of All snakes are poisonous is “false”. 
Truth conditions are the state of affairs which obtains if the sentence is true. 

The diagram above represents the truth conditions of Dogs are mammals: 
if the sentence is true, the set ‘dog’ is contained in the set ‘mammal’. 



We can classify how adjectives combine with nouns in terms of sets. 
 
Intersective adjectives: 
 
The adjective poisonous and the noun snake both denote sets; 

the noun phrase poisonous snakes denotes the intersection of the sets. 
A poisonous snake is anything that is both a member of the set of snakes 

and a member of the set of poisonous things. 

 
Poisonous is therefore called an intersective adjective: 

it denotes a set, a noun denotes a set, and when poisonous modifies a noun, 
the resulting combination denotes the intersection of the two sets. 

Other examples of intersective adjectives: green, female, wooden… 
 
Each intersective adjective itself denotes a well-defined set: 

we can define a “set of poisonous things” or “set of green things”, 
and determine whether something is in these sets on an independent basis. 
 
Not all adjectives have this property! Consider small: 

There isn’t a well-defined “set of all small things” that small denotes. 
 
How can we tell? Consider Dumbo: Dumbo is a small elephant.  

If small is intersective, that means Dumbo is in the set of small things. 
However, even a small elephant is still not a small animal. 

So if Dumbo is a non-small animal, he must be outside the set of small things. 
But Dumbo can’t be both inside and outside the set denoted by small! 

This proves the adjective small doesn’t denote an independent set of its own. 
 
Small is an example of a subsective adjective: 

it doesn’t denote an independent, well-defined set; 
it just picks out a particular subset of whatever noun it modifies. 

Thus small elephant denotes a subset of elephants, small dog a subset of dogs, etc., 
without there being an overall “set of small things” they’re all part of. 

Whether something is “small” depends on what noun small is modifying, 
not just on properties of the (non-linguistic) physical item itself. 

 
Other subsective adjectives: talented, beautiful, unusual… 



 
Small is a subsective adjective: picking out subsets of the denotations of the nouns it modifies,  

but not denoting an independently well-defined set of its own. 
 
Some adjectives are privative (or anti-intersective): 

when modifying a noun, they define a set outside the noun’s denotation: 
Fake is a privative adjective: 

the set denoted by fake passport is outside the set denoted by passport. 
 
Entailment: 

a key semantic relationship between sentences. 
We say Sentence X entails Sentence Y if their truth conditions are such that, 

if Sentence X is true, then Sentence Y must be true too. 
Examples: 

Dogs are mammals entails Lassie is a mammal. 
I have a red car entails I have a car. 
The king was assassinated entails The king is now dead. 

If two sentences both entail each other, they have the same truth conditions. 
 
We can use entailment to examine the difference between types of adjectives: 
 
With intersective adjectives, Adj+N combo entails both the Adj and the noun: 

This vehicle is a red car entails both This vehicle is red and This vehicle is a car. 
If an intersective adjective applies to one noun, it applies to another noun 

referring to the same individual: 
Vera is a female linguist, and a hockey player entails Vera is a female hockey player. 
 
With subsective adjectives, Adj+N combo doesn’t entail the Adj by itself: 

Dumbo is a small elephant does not entail Dumbo is small! 
If a subsective adjective applies to one noun, it doesn’t necessarily apply to 

another noun referring to the same individual: 
Vera is a good linguist, and a hockey player doesn’t entail Vera is a good hockey player. 
(Vera is a good hockey player may or may not be true. But the first sentence doesn’t entail it.) 
 
With privative adjectives, Adj+N combo entails that the noun doesn’t apply: 

This is a fake passport entails This is not a passport. 



Syntactically, an Adj+N combo constitutes N-bar. So an N-bar denotes a set. 
(And recall the adjective is optional: a noun can also constitute an N-bar by itself!) 
A noun phrase can denote a specific individual member of a set. 

A noun phrase contains a determiner plus N-bar: thus, 
the semantics of determiners can be to pick out a specific member of a set. 

E.g., dog denotes the set of all dogs; 
and different determiners pick out specific members of the set: 

 • my dog, your dog, this dog, those dogs, etc. 
 
Some determiners don’t pick out specific individuals, but are more generic. 
 These have the semantic role of quantifiers. There are two main types: 
 
Universal quantifier: 
This indicates that a proposition is about all members of a specified set. 

Determiners that play this role in English include every, all, each. 
E.g., Every dog has fleas: 

This means every member of the set of dogs has the property of having fleas. 
The universal quantifier is symbolized with an upside-down A, for “all”: 
 

∀ dog(x): (x has fleas) ‘For all x in the set of dogs, x has fleas.’ 
 
Existential quantifier: 
This indicates that a proposition is about one or more members of a set, 

but does not specify which one(s). 
Determiners that play this role in English include some, one, a/an. 

E.g., Some dog has fleas: 
This means a member of the set has that property, but doesn’t specify which. 

The existential quantifier is symbolized with an upside-down E, for “exists”: 
 
 ∃ dog(x): (x has fleas) ‘There exists x in the set of dogs such that x has fleas’ 
 
In a sentence with both existential and universal quantifiers, 

scope ambiguity may result. 
Everybody loves somebody has both quantifiers, and two possible meanings: 

(a) ‘each person individually has someone they love’ 
(b) ‘there is some person who everybody loves’ 

The difference is in which quantifier has scope over the other: 
one quantifier is part of the statement about the other quantified set. 

In (a), “they love somebody” is the statement being made about “everybody”; 
so we say the universal quantifier has scope over the existential. 

We can represent the two different scope readings thus: 
 
 (a)  ∀ x (∃ y (x loves y))  ‘For all x, there exists y such that x loves y.’ 

(b)  ∃ y (∀ x (x loves y)) ‘There exists y such that for all x, x loves y.’ 
 
Negation and quantifiers can also lead to scope ambiguity: 
 Everybody doesn’t like me can mean: 

(c) ∀ x (NOT (x likes me)) ‘Everybody has the property of not liking me.’ 
 (d) NOT (∀ x (x likes me)) ‘It’s not the case that everybody likes me.’ 


